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stated, about some 108 kiloms. of line had been laid— we
cannot use the word * constructed"—by Don Delfin

THE TEHUANTEPEC RAILWAY 'AND TER-

MINAI:: PORTS. ' Sanchez, and paid for by the Mexican Government.
No. L There remained 288 kiloms. further to build, and only a

very small proportion of this had been completed when
death put an end to McMurdo's enterprise.

In January, 1892, his widow came to an arrangement
with the Mexican Government to rescind the contract :
and here attention mayv be called to the honourable
manner in which the Government dealt with Mrs.
MeMurdo, offering liberal terms of compensation instead
of demanding recompense for not carrying out the con-
tract, a policy which contrasts vividly with the attitude
adopted by the Portuguese Government towards the
same lady, as executrix, in connection with the Lorenzo-
Marquez Railway. A settlement in this latter case was
delayed for years, and finally the question went to arbi-

OxE of the most remarkable features in connection
with the early conquests by the Spaniards was their
knowledge of topography, and this in spite of the fact
that the maps which existed in those days were of the
very crudest character, It did not take Hernan Cortes, the
conqueror of Mexico, who landed on the coast on
March 4th, 1519, very long to appreciate the best way of
getting across the huge continent. Those who study a
modern map will see that the Spaniard selected the very
narrowest neck of land; and the question is how he
arrived at the knowledge which influenced him. In a
letter which Cortes addressed to his Sovereign, Charles V.
of Spain, after pointing out that he had * despatched an

Fig. {1 —BRIDGE OVER THE JALTEPEC RIVER AT SANTA LUCRECIA

tration, when a most inadequate award was made in

expedition to Guatemala™ he says:—*“1 have received
favour of Mrs. McMurdo.

information, as well as of the great riches of that country,
that in the opinion of my navigators there is a strait With the disappearance of the American element, other
leading from that bay into the opposite sea, which is the | entreprencurs appeared upon the scene in the persons of
thing above all others in the world I am desirous of | Messrs. J. H. Hampson, E. L. Corthell and the Hon.
meeting with on account of the immense utility which I | Chandos S. Stanhope. In February, 1892, these gentle-
am convinced would result from it to the advantage of | men commenced to build and complete the remainder of
your Imperial Majesty.” the line, which they undertook to extend to Salina Cruz
After Cortes came the Colonial Governments of by June, 1893. It was a rash contract into which to
Mexico, which were also prompt to realise the geographical | enter, for, as any practical engineer could have seen, it
and strategical importance of the Isthmus of Tehuan-
tepec. Again and again under successive governors,
the route was explored and surveyed, the idea being,
there can be no question—for documents prove it—to
cut a canal through the isthmus in practically the same
way as that at Panama is now being made. A certain
Agustin Cramer, an engineer of some repute in his day,
was commissioned by the Viceroy, Don Antonio M. de
Buecareli, in 1774, to make the necessary surveys of the
isthmus, and, this being done, he strongly advocated the |
opening up of a canal to connect the Pacific and Atlantic
Oceans, Either the Government lacked the funds or the
pluck to make the attempt ; but, the advantages of such
an undertaking being obvious, efforts were made by |
American capitalists to take up the project. A notable |
American civil engineer, Captain James B. Eads, having
expended some time and much trouble upon surveying
the ground in 1881, drew up plans for a ship railway, a
scheme which, as it may be remembered, was at one time
strongly recommended for the Panama route as also for
that of the Darien. Experience now proves conclusively
that a ship railway would have been impossible in practice.
Captain Eads finding no one sufficiently enterprising to
support him financially, although the Government gave
him every inducement by renewing his concession again
and again, a Mexican named Don Delfin Sanchez
endeavoured to raise sufficient funds to carry out a
contract which he had made to do the work, but he
failed, his contract being rescinded in 1888. Don Delfin
Sanchez was a very much esteemed engineer, whose
bond fides was unquestionable, and his railway connection
eminently commendable. He was granted a regular con-
tract to build the railway, for which he was to be paid at
the rate of 25,000 dols. (£2500) per kilometre. The con-
tract was signed in October, 1882, and the line was to
be completed and opened for traffic by February, 1855.
By the commencement of 1883, however, the arrange- |
ment was found to be unworkable ; but, meanwhile, Senor |
Sanchez had received a considerable sum from the Govern- |
ment “on account.” payments having been made to him
amounting to 700,000 dols. at the offset, while a further
sum of 783,184 dols. was paid—>562,190 dols. for material
used and work done upon 108 kilome., and 170,224 dols.

as an indemnity for baving his contract cancelled. This | ‘
brings us to the end of 1888, ' was quite impocsible that the line could have been

To Don Delfin Sanchez succeeded Colonel Edward | finished in anything like this time. It is not surprising
MecMurdo, of London and New York, who, with that bold- | to learn that the cnmbina}ipn soon collapsed, Messrs.
ness and irresponsibility which characterised him through | Hampson and {Jurtheﬂ retiring from the contract, and
life, entered the lists as contractor; and there is no saying | Mr. Stanhope being left to carry it out as best he could.
what might have been the result had not McMurdo died | So much money had already been frlttere@ AWAY upon
in 1892. That the issue might easily have been chaos | the undertaking, that Mr. Stanhope found himself almost
is possible when one remembers what happened in con- hopelessly opposed at the outset by lack of funds. After
nection with the Lorenzo Marquez (Portuguese South | muzh trpuble he fnrmgdln anmlla_}rndlcate fm: the purpose of
Africa) Railway concession, which was also secured by | completing the remaining 60 kiloms. of line. His con.
the same enterprising American engineer. At the time | tract stipulated for a payment of 1,113,035 dr::.uh.. and the
that Colonel McMurdo entered upon the scene, as already ' Lime allotted to him was nine months. By dint of much
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Fig. 2-BRIDGE OVER THE JALTEPEC RIVER

perseverance and pluck the work was actually completed
within the specified period, but, as may readily be assumed,
it was of a makeshift character, and such as no practical
railway engineer would have passed.

The Mexican Government, however, had never lost
faith either as to the completion of the line or its eventual
value, and when the opportunity presented itself for enter-
ing into an arrangement with a leading firm of British
engineers it was taken advantage of, and then it was that
S. Pearson and Son, Limited, who had already constructed
the drainage works of the Valley of Mexico and the
port works of Vera Cruz, two enormous engineering enter-
prises which had baftled the skill and resources of cen-
turies, came upon the scene, destined to complete the
undertaking and to bestow upon it the seal of permanency
and prosperity.

This, then, is the early history of the Tehuantepec
Railway, which now runs from Puerto Mexico—formerly
known as Coatzacoalcos—on the Atlantic side to Salina
Cruz on the Pacific side, a total length of 810 kiloms., .
with a branch line from Juile to San Juan Evangelista, a
further 28 kiloms. To these mav be added a recently
opened branch from Carmen—37 kiloms. from Puerto
Mexico—to Minatitlin, about 14 kiloms in length, a small
branch which was constructed especially for the con-
venience of the oil refinery belonging to 8. Pearson and
Son, Limited, which is situated at the little town of
Minatitlan.

In this article it is proposed to deal with the Tehuan-
trpec enterprise in three sections—firstly, a description of
the railwav line ; secondly, with the two terminal ports
of Puerto Mexico and Salina Cruz:; and thirdly, with the
advantages of the Tehuantepec route as compared with
those of other isthmus routes, and general conclusions
with regard to the whole undertaking. In our issue of
February 1st, 1907, we gave an article on this railway and
its ports, in which we printed maps of the railway and of
the ports, as well as a number of engravings showing
various portions of the undertaking, some being in the
text and some in a special supplement. We would refer
our readers to this article in order that they may better
follow the text of the present series.

RAILWAY ROUTE.

The Isthmus of Tehuantepec has a width at its
narrowest point of 125 miles, and it lies between 16 deg.
and 18 deg. north latitude and 94 deg. and 96 deg. west
longitude. With the single exception of the Isthmus of
Panama, this narrow neck of land forms the slenderest
elip of territory on the Western Hemisphere, separating
the waters of the Atlantic and Pacific Oceans. The
‘engineering conditions for building a railway across this
isthmus necessitate a gradual ascent from the mouth of
the Coatzacoalcos River, crossing many effluents of that
stream until a fairly flat tableland is reached. At a
distance of 79 miles from Coatzcoalecos there is a depres-
sion at the Jaltepec River, and between this point and
the Atlantic the gradients are about 60ft. to the mile.
The heaviest climb, however, commences at the point
known as Santa Lucrecia, at which point the Jaltepec
River is crossed on a steel bridge 560ft. in length—com-
posed of five spans—and of this an engraving is given in
Figs. 1 and 2. The bridge crossed, the Malatengo
Canyon is entered at a distance of about 38 miles beyond,
and there the route is through rock-cuts and chasms
leading up to Rincon Antonio, which is known as the
‘“divide,” and is, in effect, a junction of considerable
dimensions. Here are found the extensive yards and
shops of the company, the entire area having been
rescued from a sandy waste and converted into a model
township, occupied entirely by the railway and its
workpeople.

Leaving Rincon Antonio, the line enters the Chivela
Pass, which is crossed at a height of 730ft. above sea
level, the highest point on the route, and from which the
descent to the Pacific is decidedly abrupt in comparison,
some of the steepest gradients on the section being here
encountered. At the Chivela Pass, which extends from
kilom. 209 to kilom. 247, a distance of 88 kiloms.,
the track runs over two horse-shoe curves and through
one tunnpel, the latter being stone lined and handsomely
faced at hoth ends. Daring the reconstruction of the
road, which was found neressary almost from beginning
to end when Pearson and Son took it over, many of
the heaviest gradients were reduced and the curves
straightened, The whole line has been adapted to curves
of a minimum radius of 150 m. compensated and a
gradient of 1°6 per cent., except the track in the Chivela
Pass, where the curvature comes to a minimum radius of
80 m. and & maximum gradient of 2.07 per cent.

CONSTRUCTION WORK.

Some of the heaviest construction work on the line is
to be found on the Malatengo Canyon, from kilometre
188 to 202, namely, 14 kilometres. With regard to the
bridges, whereas for the first two or three years that the
line was working several wooden structures were em-
ployed temporarily, there are now to be found upon the
route from end to end nothing but steel bridges of the
finest construction, the most important of which are the
following : —

Chacalapa Bridge, at kilometre 13, with three spans of
23.29 m. each, plate girder riveted.

Santa Lucrecia Bridge, at kilometre 127, five spans of
36.30 m, each, lattice girder, Pratt type.

Tolosa Bridge, at kilometre 159, three spans of 36.30 m
each, lattice girder, Pratt type.

Sarabia Bridge. at kilometre 176, one span of 86.30 m.,
lattice gieder, Pratt type, and four spans of 16.38 m. each,
plate girders riveted.

Malatgngo Bridge, at kilometre 190, two spans of

7.03 m."each, lattice girders, Pratt tvpe.

Tehuantepec Bridge, at kilometre 291, three spans of
61.24 m. each, lattice girders, Pratt type.

There are some other and smaller bridges, having spans
between 14 m. and 30 m., with lattice half-through gir-
ders, and still others, also small, with spans between



206

THE ENGINEER

Aveusr 27, 1909

———

5.30 m. and 13 m., and plate deck girders. The culverts
are of concrete on the northern division, and of masonry
on the central and southern division. The total number
of bridges and culverts is 846.

The finest steel bridge, perhaps, is that over the Jal-
tepec River, at Santa Lucrecia, the junction of the
Tehuante with the Vera Cruz and Isthmus Railway.
This handsome bridge, 560ft. in length, is composed of
five spans, and is of steel throughout. The masonry
abutments are of a thoroughly substantial and permanent
character, and capable of carrying, with the bridge itself,
a weight far greater than they will ever be called upon
to sustain.

On the whole, it may be said that as it exists to day
the Tehuantepec Railway is one of the best constructed
lines of its kind in the world, eapable of sustaining all the
freight traffic which can be obtained for it—and that is
saying a good deal. The road is standard gauge of
4ft. 84in., and where it passes over the clayey soil there
are rock ballast and gravel. The ties, or, as we call
them, the sleepers, are creosoted pine, California red-
wood and native hardwood. Eighty-pound steel rails are
employed, and besides the 190 miles (304 kiloms.) of
main track, there are 60 miles (96 kiloms.) of sidings,
capable of handling three-quarters to one million tons of
freight annually. Regarding the railway’s business up to
the present time, we shall speak more fully later on.

The cost of this undertaking, including both the
railway and harbour works at Salina Cruz and Puerto
Mexico (Coatzacoalcos), has up to date exceeded
£9,000,000, and before finality is reached the figures will
probably stand at a round £10,000,000, which may be
divided up as follows :—

Reconstruction of railway, rolling stock, bridges, ter-

minal facilities, plans, and buildings. .. £3.000.000
Harbour works at Salina Croz... ... ... ... .. 4,700,000
= w s Puerto Mexico (Coatzacoalcos) 2,300,000

The Vera Cruz and Isthmus Railway joins the Tehuan-
tepec National Railway at Santa Lucrecia; the Pan--
American Railroad joins the Tehuantepec National at San
Geronimo, and is now open for traffic to the important
coffee centres of Huixtla and Tapachula, and as far as
Mariscal, a distance of 714 kilometres. The old station
buildings at Santa Lucrecia and San Geronimo were found
to be inadequate to handle the great increases in the
traflic moving over the Tehuantepec National Railway
in connection with the Vera Cruz and Isthmus, and
the Pan-American, and new and substantial maso
buildings bave been built this year at both Santa
Lucretia and San Geronimo. Between Puerto Mexico
and Salina Cruz there are thirty-four stations, the
most im t being Juile, Santa Lucrecia, Rincon
Antonio, and San Geronimo. The distance between port
and port in kilometres is exactly 303.5, and the average
time occupied in transit is 12} hours up and 10} hours
down. ins leave Puerto Mexico daily at 6 a.m.,
arriving at Salina Cruz at 6.30 p.m.; and 6.15 p.m,,
arriving at Salina Cruz at 8.5, while others leave Salina
Cruzdaily at 8.5 a.m., arriving at Puerto Mexicoat6.15 p.m.;
and 7.0 p.m., arriving at Puerto Mexico at 8 25 a.m.

At present the line is a single track only, but provision
has been made for doubling it, and iere can be no
question that the track will have to be doubled very
shortly. In this event it will be the only double-track
line in the Republic of Mexico, and whenever the decision
to build the extra track is arrived at the line will be con-
structed within a comparatively short time, and the
e se attached thereto will be correspondingly light.
Sir Weetman Pearson, in a s made on the 23rd
Jan y 1907, when the President of the Republic opened
the line, said:—*1 venture to make a prophecy of a
double track within seven years, if not within five."”

While the passenger rolling-stock used on the
Tehuantepec line is necessarily small, in view of the com-
paratively limited number of passengers now being
carried, it is very complete, and comprises the latest
type of passenger coaches, with Pullmans running over
the line from Santa Lucrecia to Salina Cruz, and vice
versi. On the other hand, the freight cars already
number over 1200, and an additional 200 box-cars have
been ordered this year, to cope with the ever-increasing
traffic. There are also about 130 gondolas, each of 30 tons
capacity, 80 stock cars, and 60 locomotives, and at the
present time every single car, excepting those in the
repairing sheds, is in requisition. The Tehuantepec
Railway was the first Mexican line to introduce oil as
fuel, and all the locomotives have been gradually con-
verted from coal to oil-burning, by which means a saving
of something like 30 per cent. is achieved. Throughout
the railway workshops the stationary boilers are run by
oil fuel, this being obtained from S. Pearson and Son's
refinery at Minatitlin. At Puerto Mexico, the Tehu-
antepec Railway possesses a colossal tank constructed of
steel, capable of storing 1,500,000 gallons of oil, from
which the latter is distributed to smaller tanks along the
line of railway, each of which has a storage capacity of
6500 gallons.

EXPERIMENTS WITH CENTRIFUGAL PUMPS. |

By J. G. DAVIS, B.Sc., and W. R. HARDING.

LirTLe is known of the frictional conditions prevailing
and the losses occurring in centrifugal pumps, and, in view |
of this, the results obtained from systematic tests recently
made, and the conclusions arising therefrom, cannot fail
to do something towards connecting the several existing
theories with actual results,

A general formula for the losses in a centrifugal pump
—in terms of the discharge, peripheral speed, and head—
has been obtained from quite general theoretical con-
giderations, and has been applied successfully to actual
practical cases within wide limits. The closeness with
which theoretical and experimental results agree points
to the soundness of the theory.

will be considered below in such detail as is necessary.
The successful application of the formula to these very
complete trials led to the attempt, inall cases satisfactory,
to apply it to the published results* of the performance of
other centrifugal pumps. The wide range of application
of this formula leads to the conclusion that it i1s quite
general in form, and applicable to any similar pump,
large or small, with s suitable variation of the constants
involved. This will allow of an accurate prediction of
the performance of a pump under any conditions, once
the constants have been determined in the manner indi-
cated below. The possibility of such a prediction of results
should render this method of no small interest to manu-
facturers and others.

It is proposed to deal here briefly with the derivation of
the generﬁo formula, following with a description of the
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trials made on a small centrifugal pump, and the verifica-
tion of the theory by the application of the formula to its

| performance, and also to the published results of trials on

other pumps.

General Theoretical Considerations—In hydraulic
engines in general, where moving and fixed vaves are
employed, the necessary conditions for the most efficient
working are that there shall be no loss of head due to
“ shock "— incurred by abrupt change of velocity of
the working fluid—and that the fluid shall leave the moving
vanes with no velocity relative to them. On this hypo-
thesis, the usual expressions for the theoretical performance
of the various types of turbines are obtained, and, with
suitable modifications to allow for frictional and other
losses, apply to results obtained in practice. The question
as to what extent a turbine is reversible has been greatly
disputed, and practical results have been somewhat unex-
pected. Ior example, the 80 per ceat. efficiency of a re-
action turbine may be reduced to, say, 55 per cent. when
working as a centrifugal pump. (See Dr. Stanton's
Researches.) This is accounted for by the difficulty ex-
perienced, even when great care is taken to avoid shocks
and sudden enlargements, in converting the kinetic energy
of the water leaving the impeller or wheel of the pump
into anything approaching the equivalent static or pressure
head. Various methods have been adopted in pump
design for the reduction of this loss, due to the partial
dissipation of the “whirl” or tangential velocity head.
Among these may be mentioned the addition of a *“ whirling
chamber” (Thomson), the backward, or re-curving of the
impeller blades (Appold), and the more recent use of
“ guide passages " outside the impeller (Reynolds).

The loss by “ shock,” due to more or less abrupt change
in the absolute velocity of the water at the impeller exit,
may be expressed in terms of the discharge velocity, and
is convenientlv denoted by discharge velocity head, or
§U?2 g, where U is the absolute velocity of discharge from

with the type of pump, but having an average value of

a modern torbine pump. Especially in the older forms
of pumps, where the discharge takes place into a body of
water having a much smaller absolute velocity, is this
loss exaggerated.

The head lost by friction in the case of a disc rotatin
in a fluid is proportional to the square of the periph
speed. The friction is also stated to increase with the
area of the pump casing; this is due, no doubt, to the
stilling of the eddies by the surface of the stationary
casing, and the reacting of this stilled water on the
surface of the rotating wheel.

The above indicates briefly the nature of the losses to
be expected in centrifugal pumps, and we now proceed to
outline the deduction of a general type of expression for
the actual working head in any pump. This is due to
Mr. F. C. Lea, B.Se., AM.LC.E., of the Central
Technical College, S.W., to whom best thanks are due for
this and other valuable suggestions.

HEAD IN A CENTRIFUGAL PUMP.
(1) Loss of head at entry to impeller vanes.—Assuming

) age 272,

Rateau : Tus Excrxeer, 1902, .

Stanton : Institutin of Mechanical Engineers, 1903,

Further details of the derivation and applications of the formula to the
above trials will he found in the recently published treatise on

The first tests were made on a small pump, and these

“ Hydrautics,” by Mre. F. C'. Lea. (Arnold.)
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to be radial—Fig. 1—v and v, being the linear velocity of
the inner and outer tips of the vaues, which make angles
¢ and p at entry and exit respectively; the vector A DB
represents the velocity of the water relative to the wheel
at inlet. Moreover, a velocity represented by u, must be
impressed by the vane on the water, in order to cause it
to take the direction BC instead of BA. BCis the
velocity of water relative to the impeller at entry to vane,
Thus the loss of head due to the change of velocity
impressed on the water by the vane is represented by

u?, /2 g, where u, = v — u cot é (1)

(2) Loss of head at exit from wvmpeller vanes,.—Let a
be the angle of guide vanes at the impeller exit, and let
P be the point under consideration. The water clearly
tends to flow along the tangent to the vane at P, namely,

mean velocity.
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along B'A'—Fig. 2. If the vane at exit had some other
angle p",80 that B” A" represented the direction of the vane
at P, and there were no wvelocity of whirl at exit, there
would be no loss of head at exit. But in a practical case
there is a velocity of whirl (or tangential component of
the absolute velocity of the water) V), due to the blade
having some other angle p at exitt B’A’is then the
velocity of the water relative to the wheel at exit, and
the ultimate absolute velocity of flow along the guide
vanes at P will be represented by the vector O’ K'. But
in order to cause the water to reach K’ instead of A’, the

the impeller vane tips, and ¢ is Borda's coefficient, varying |
from 05 to 0°6, including the loss in the impeller itself in |

DEDUCTION OF GENERAL FORMULA FOR THE WORKING

the velocity of flow u of water entering the impeller vanes | as yet unconsidered, may be taken as being
* Pa-wons: “ Proceedings,” Institution of Civ.] Engineers, Vo!. xlvii, | O the square of the velocity of flow thro

|

I8 Internal >

Diameter
g
(o pel

W

veloeity A’ K’, namely, ', , must be impressed *
the wheel. So that the head lost at axiapia equﬂnfo -y

(w's)'/2 g, where u', = v; — u, (cot a

Water Leve/

Fig.3.

+ cot ) . (2)
Other losses oceurring in the pump.—Frictional losses,
i
also to the square of the peripheral speed. :Ema h?i::ie?all'

losses are represented by —

8(w)?*2g— t(x))?2¢g . .
where s and f are constants

L1

3)
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The centrifugal head will
discbarge increases, for any
the water leaving the “eye” of the pump—assumed
radially— from the suction pipe will have less chance of

probably diminish as the

assuming the velocity proper toit at that particular speed |

of the pump, the greater the speed with which it es
through the impeller vanes. The centrifugal heaﬁus
depends upon v,, and also upon wu,, and it is assumed
reasonably that the change in the centrifugal head, as
the discharge varies, may be expressed by—

given velocity of flow, since |

(koy, — nuy)*2qg . . .
where & and n are constants .

(4)

The sum of the readings of the two gauges gives the
existing head % in lb. per square inch.

Pitot tube.—For the measurement of the velocity, and,
therefore, also of the volume of water delivered by the
pump, a Pitot tube is employed. This consiste essentially
of a small tube a introduced into the delivery pipe, so as
to record only the pressure of the moving water, and a
second tube b at right angles to a, on the orifice of which
the flowing wuter impinges, recording the sum of the
pressure and velocity heads. The tubes are connected
throngh suitable reservoirs to gauge tubes A and B, each
of some 9ft. length, and in a contiruous circuit with one

Fis.S.
Velocity-Discharge Curves at Constant Head [Experimental)

Theoretical” Curves may be superimposed fromthe values Tobulated which heve been colculated
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}/Now (Actual head) = (Theoretical head) — (Head lost).

h=(V,.v; g) — (losses 1, 2, 3, and 4)
_ o1 (vy — u, cot p) _ (r — u cot 6)*
g iy
| _ H
1 91— U (cot a 4 cot p) !
2g

= e L fe) . e ww)

{ 2¢ 2. 2g

Now to obtain a parabolic expression for /& in terms of
u; and vy, we may write u, and 6 for u and p respectively,
by the introduction of suitable constant factors, since
¢ and p are themselves constant, and u is proportional to
i,, 80 that the expression reduces to—

2 gh = m ﬂ]"{"ClI]F]—}-EHl‘. . {5)
where m, C, and K, are constants, depending on the
dimensions and design of any particular pump.

These constants can always be determined by solving
the simultaneous equation given by three independent
experiments on the pump, each giving an expression
similar to (5).

In the particular case investigated the values of the
constants were determined as follows:—

h is the actual lift, or working head, of the pump in feet.
Q is the discharge in cubic feet per second.
a is the normal area of water passages at the periphery
of the wheel in square feet.
v, is the peripheral speed in feet per second.
Then u, becomes Q/a, so that
2g h = muv® 4+ C (Q/a) v + K (Q/a)’. (D)
Apparatus.—The riments described below were
carried out at the Central Technical College Engineering
Laboratories. = The centrifugal pump is by Messrs.
Mather and Platt, and is of the makers’ standard type,
having a normal capacity of 85 gallons per minute
against a head of 35ft., and running normally at 2020
revolutions per minute. Driven through an ordinary
flange coupling by an electric motor, it is of the * guide
passage "’ type—a turbine pump—the general arrange-
ment being indicated in Fig. 3. The number of vanes in
the impeller is six, and the approximate angles at entry
and exit respectively are 8 = 5° and p = 30°. There
are four guide blades—not shown—at an angle a = 3° to
5°. The suction pipe, which must not exceed 34ft. in
height above water level, terminates in a foot valve K
about 3in. from the bottom of the tank, to prevent back-
ward flow of the water before starting. In starting up a
pump any air remaining in the suction pipe must be
replaced with water, either by filling through a suitable
aperture, or, in the case of large pumps, by exhausting
the air by means of a steam ejector after closing the
delivery valve. On leaving the pump the water passes
through a throttle valve V, just below which is fitted a
pressure gauge G, which provides an imaginary head.
The delivery pipe takes the form of an inverted U, and
terminates about 8in. from the bottom of the tank, which
contains about 20in. of water. Since the pump is not at
water level, the additional head due to suction must be
measured, and provision is made for this by the vacuum
gauge g, fitted some 9in. past the bend in the suction
ipe. This precaution is neceesary to avoid the centrifugal
E]Ead in the bend being included in the gauge reading.

another and with the delivery pipe.

The pressure head
P, being common, the amount V,

by which the shaded

' water column in B exceeds that in A, measures directly

the discharge velocity head in inches.
Then Q/A = k2g v Vo /12 =j N V,.

The velocity in the delivery pipe is, of course, variable
over the section, following a parabolic law—see Fig. 4—
and to obtain the mean velocity with a perfeet Pitot tube
—1.€., one in which % is unity—the tube 5 would need to
be at P, to dispense with an independent calibration.
Any possible error due to deviation from this position is

L —_—

with which it is possible to work with the apparatus
employed, and the overall efficiency of the pump, the
results have not sufficient direct bearing on the present
work to justify their being given here. The normal brake
horse-power of the pump is roughly 0.9, the combined
efficiency of pump and motor about 34 per cent., the
efficiency of the motor alone at normal load 75 per cent.,
and of the pump alone about 45 per cent. This
efficiency is low, as the pump is small, and the losses
consequently more exaggerated than in larger sizes.

In the following experiments, /, the head under which
the pump is working, or lift, is measured directly in
pounds per square inch, and converted to feet of water
conveniently by means of a conversion curve. Q/a is
calculated from the velocity Q/A in the discharge pipe,
the latter being measured by the Pitot tube and con-
verted to feet per second.

A is the area of the discharge pipe in square feet—equal
to 0.0191, since the diameter is 1.8751n.

aisequal t0 0.096 square feet. Thus Q/a=[0.1995 Q/A].
Experimentally it was found that QA =2.498 v V,.

v, is directly proportional to the speed of the shaft, and
since the periphery of the wheel is 1.54ft. in circum-
ference, we have v; = 0.0257 X R.P.M. in feet per second.

General observations on experimental procedure.—
In all cases both ascending and descending values of the
variables have been observed and plotted. For con-
venience the quantities have been plotted as observed
—that is, without conversion in the above manner—in
every case where the mere introduction of a constant
factor is necessary to convert quantities read from the
curves to a form suitable for the calculation of m, C,
and K.

Damping the vibration of the gauge pointers as far as
possible by throttling with the adjustable cocks 1s
found to give increased accuracy of reading. In all
cases the * suction head"” increases and the “ pressure
head "’ decreases as the flow through the pump
increases, the sum of the two readings giving the lift A.

The speed and discharge can always be adjusted by
suitable regulation of the field resistances and the stop
valve to obtain any desired value—within limiis—of the
head ; in the same way, throughout the experiments, any
two of the three quantities measured—head, speed, and
discharge—can be varied to obtain a desired value of
the third.

In every experiment the “ mean " of the readings over
a period of one 1ninute has been taken; the speed being
registered in the case of * constant-head " and * constant-
discharge " curves by means of a stop-watch and revolu-
tion counter, and in the case of the * constant speed”
curves by a specially calibrated sensitive speed indicator.

The primary object of the experiments being to deter-
mine accurately the values of m, C, and K in expression
(D), it is noted that when the discharge is zero the head /%
becomes m v,*/2 g. The pump is therefore run with
water in the volute space and wheel, having the stop
valve closed. Any point on a curve plotted, connecting
simultaneously observed values of »; and %, then deter-
mines a value of m—see Fig. 6.

The mean of a number of such values is found. The

however eliminated—provided the pipe runs full—by an | values of m for a curve determined from thirty-seven

Fic. 6.

Head -Velocity Curves at Constant Discharge.
Dotted Curves have been cbtained From the Formula -_

plotting a curve connecting corresponding values of V,
and Q. Q is measured by weighing, or by flow through
an orifice or weir, or by any standard method.

The motor is a 2 horse-

type

wer shunt-wound machine— |
E. O.—by Messrs. Mather and Platt, and is stated | from which simultaneous values of %, v, and
to take 10 ampéres at normal load on a 200-volt supply, | taken, the value of m already obtained being used in the

28
hx2g =F087v3+ 226 (%)y, ~621 (V)° & practically
26 corncide with the portions shewn i Full Lines which have
been obtained by direct experiment.
24 N ote: Jhla-#ﬂr’a:iiar:ge ﬁw;e pdsses throgeh the pornts merkad |
N2 ® Ths & Larvesfor S, 15, 2030, 35. have not been drawn here |
Q = .
< 4 . '
20 ~ .
o~ ’ ’ .
ol P a BV ab
: AP
- -
° __/ ‘ Experimental —7
< i | Range
2 7 - |
= ] Bn
= m
-
v 8 2
a
T £
4
2
/1500 1600 1700 1800 1360 2000 2100 2200 2300 2400 2500
Sq o s Speed Revoalutions Per Minute —

independent determination of % or j, readily effected by | independent experiments vary between 1.058 and 1.096

for a range of speed from 1500 to 2050 revolutions per
minute.

The mean value of m is 1.087.

C and K are now determinable from two experiments,
Q/a are

running at 2020 revolutions per minute. It is of the two- | solution of the simultaneous equation.
polar construction, fitted with carbon brushes, and has

the usual type of starting switch and field regul

resistances, by which the spe

ating | able
ed can be very finely | fiftee
adjusted. Sufficient electrical tests were made to give a | e
complete knowledge of the working under various condi- | of 111b,, 121b,, 131b.,, . .

Velocity discharge curves at constant head.—By suit-
ijnstment of the speed and discharge, a series of

curves has been obtained from 270 independent
xperiments with the pump working under constant heads
25 b, per square inch

tions ; but although of interect in illustrating the accuracy ' (25ft. to 60ft). The corrcsponding range of speed is 1500
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to 2500 revolutions per minute, and of delivery pipe velo-
city Oft. to 26ft. per second (0 to 177 gallons per minute).
e experimental points on eight typical curves only
have been denoted. The mean curve in each case is
;Ery definitely outlined, and parabolic in form—see
1g. O. .

From the plotted curves C and K are now determined.
For taking any two points, say, on the 201b. per square
inch constant-head curve, whose co-ordinates are : —Speed
2049 and 2122 revolutions per minute, and Q/a = 0.1995
X Q/A = 2.485 and 3. 52ft. per second respectively, expres-
sion (D) becomes in the two cases—

29(46.2) =1.087 (52.6)* + 52.6 (2.4585) C + (2.485)°K
2y (46.2) = 1.087 (54.5) + 54.5 (3.520) C + (3.520° K
From which C = 2.47 and K = — 58.8,
The results show that C and K do not vary greatly.

considering the wide range through which the experi-
mental curves have been plotted, and that each solution

be in unstable equilibrium within the range of speed a a,,
and the least touch of the valve may give the double
value of the discharge for that particular speed.

Impending delivery.—Denoting the critical peripheral
speed—i.¢., the speed which is just sufficient to prevent
downflow of water in the delivery pipe, the water being
at rest in the impeller and in the suction pipe—by V.,
h being the available head, V. should not greatly exceed
V' 2 g h, but is, of ggurse, influenced by the frictional con-
ditions and the shape of the blades. At low discharges
the points are not generally so well in accordance with
the regular outline of the curves as at the higher values,
and this is probably due to discontinuity of action in the
Pitot tube, caused by the pipe not running full. That
such a condition is possible in this case has been proved
by special investigations, details of which it is hardly of
value to give in this article,

Head velocity curves at constant discharge.—The

Figure 7-Head Discharge Curves at Constant Speed
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Curves obtained From the above formula are
in 3ll cases practically coincrdent with those
obtained by Direct Experiment.
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is the result obtained from a pair of points not taken
close together on the curves. Sixty independent solutions
such as tbe above show that on the experimental curves

C varies from 1.80to 2.81; mean of readings 2.26
K varies from — 50 to — 74.9; mean of readings — 62.1

Putting in the mean values of the constants as above
(D) becomes—

644 h = 1°087 v,* + 226 v; Q/a — 62°1 (Q/a)* . (E)
From this expression, giving % any definite fixed value,
and assigning a value to one of the other unknowns, the
second can be calculated, so obtaining a series of values
connecting v, and ()/a for the chosen constant head. In
the solution of these equations, the following method is
convenient :—Divide (D) throughout by m, and we have
an equation of the general form :—

ay? +by+c=0,
— b + #:\')"-45((3

that is ¥y =
2!‘.11
In our case a, is L.
Assign values to Q/A convenient for plotting. Each of
the corresponding values of Q/a gives a value for &,

which equals 2°26 Q/(1'087 a), and ¢, which equals

';ii?l ( Q/ a) i, and the solution of each equation for v, is
only a matter of substituting in the formula given above
for y, which is identical with v,. The speed in revolu-
tions per minute, namely, 60 v,/1- 54, is in each case plotted
against the corresponding value of /A, and the values
chosen for the latter are conveniently the same for each
constant head curve so calculated from (E). The curves
obtained in the above manner are found to agree so
closely with the experimental curves already plotted that
in most cases they are hardly to be distinguished from
them.

A special point of note in these curves is the double
value of the discharge possible throughout a range of
speed a a,—Fig. 5. The pump will not start up until the
speed Oa, has been exceeded; thereupon the discharge
gsuddenly leaps to beyond D,. On further opening the
valve, D, increases, and the speed rises as the load is
increased. On shutting down, the Pitot tube is seen to

velocity head V, being maintained at constant values
0, 5,10, 15, &c., to 98 inches, corresponding readings of the
speed and head /i are noted. The readings are limited
in some cases by the speed, in others by the gauge, so
that the experimental limits differ for various discharges.
For each discharge a curve of parabolic form is obtained
I experimentally—I'ig. 6—the tangent to the vertex being
parallel to the *“speed " axis, again giving a double value
to the speed for the range of head ’,, although this is
' outside the experimental range. The thirteen curves so
' determined from 162 independent experiments (the range
of head being 9 1b. to 31 Ib. per sq. in., and of speed 1600 to
2500 R.P.M.) could, of course, be utilised for determinin
' C and K, using the mean value of m already obtained.
It is more convenient, however, to superimpose the curves
calculated from expression (E) for these experimental dis-
charges, in order to determine how nearly they coincide.
This might be done by proceeding with expression (E) at
the constant discharges chosen, in a similar manner to
' that employed in the case of constant head. A more
- direct method is to cut the “ constant head " curves with
horizontal lines representing the constant discharges,
reading ofl the values of the speed for every head, tabu-
lating the values thus:—

[ Head in pounds per square inch. ‘

11’12'11 14 | 15 1511? 18
i |
el | |
s 0f 1535 | 1500 | 1648 | 1704 | 1760 | 1817 | 1875 |1930
® 5| 5 1520 | 1576 | 1631 | 1688 | 1744 | 1800 | 1857 uznaj:-
%.E;;‘w; 1530 | 1686 | 1644 | 1699 | 1754 | 1810 | 1866 |192¢ 3
= 28|15 1547 | 1605 1662 | 1717 | 1770 | 1826 | 1880 |1936| _
| 2% 20| 1574 | 1630 | 1685 | 1740 | 1794 | 1847 | 1898 |1954| 2
2$.5=25 1508 | 1650 | 1703 | 1758 | 1813 | 1865 | 1915 |1970] .
£ +/30 1622 | 1673 | 1723 | 1777 | 1832 | 1883 | 1934 /1985 7
SX |35 1647 | 1695 1745 | 1800 | 1852 | 1902 | 1953 |2003!=
-2 "140/ 1670 | 1718 | 1768 | 1820 | 1570 | 1920 | 1970 2020] |
P .50 1718 | 1762 | 1809 | 1862 | 1910 | 1956 | 2006 20553
S¢3865 1775 | 1820 | 1867 | 1015 | 1963 | 2010 | 2059 |2110| 8
S25/s0 1835 | 1883 | 1930 | 1975 | 2020 | 2085 | 2115 Izwu
A" (08| 1015 | 1958 | 2002 | 2049 | 2090 | 2139 | 2184 228

g | —t.e., Q/a—in feet per second res

Head in pounds per square inch.

mlwl-ﬂ ”‘A}lﬂ‘zﬁ
=2 0 | 1881 | 2030 | 2080 | 2130 | 2180 | 2228 | 2278
S.2| 5 | 1965|2015 | 2085 | 2112 | 2158 | 2207 | 2254 | g
=35 | 10 | 1975 | 2020 | 2071 | 2120 | 2166 | 2213 | 2259 | -3
=S8 | 15 | 1987 | 2083 | 2081 | 2130 | 2180 | 2224 | 2269 | ©
22| 90 | 2003 | 2050 | 2095 | 2144 | 2193 | 2239 | 2285 | &
02| 25 | 2017 | 2082 | 2110 | 2158 | 2206 | 2255 | 2300 | .
e~ .| 30 | 2032 | 2078 | 2125 | 2174 | 2221 | 2270 | 2317 | >
= 85 | 2048 | 2092 | 2140 | 2189 | 2235 | 2285 | 2332 | =2
22 °| 40 | 2063 | 2108 | 2156 | 2203 | 2250 | 2301 | 2347 | |
o | 50 | 2098 | 2145 | 2187 | 2235 | 2282 | 2330 | 2375 | B
S83| 65 |2150 | 2193 | 2235 | 2278 | 2323 | 2372 | 2416 | 3
SES | S0 | 2205 | 2243 | 2283 | 2325 | 2370 | 2415 | 2460 | =
2 8 | 2265 | 2503 | 2343 | 2888 | 2423 | 2468 | 2503

|

For any experimental constant discharge, the calcu-
lated or *' theoretical " curve is obtained directly by plot-
ting corresponding values of % and Q/A as tabulated.
The above table also serves for the plotting of ** theoreti-
cal " curves of constant head discharge, if the constant
discharge curves should have been drawn first.

The coincidence of the experimental with the calcu-
lated curves is very marked. But, as before, occasional
discontinuity in the action of the Pitot tube is indicated.

Head discharge curves at constant speed.—The regu-
lating resistances being adjusted during each experiment
to obtain a constant reading of a sensitive speed indicator,
a series of seventeen curves has been obtained. from 185
independent experiments, giving a range of speed of from
1625 to 2408 revolutions per minute, of head 121b. to
29 1b. per square inch, and of (/A Oft. to 24ft. per second.
These curves are parabolic, with the tangent to the vertex
parallel to the discharge axis, and again a double value of
the discharge for the same head between the limits of
head 0 & and 0 h,—Fig. T—is obtained, the unstable con-
dition being quite noticeable during the course of the
experiments. The low discharges again point to discon-
tinuity in the Pitot tube.

The *“ theoretical ' curves for the above are conveniently
plotted in a similar way to those for constant discharge,
namely, by cutting the constant head curves with vertical
lines at the speeds chosen, and reading off the values of
the discharge for every head, tabulating and plotting.

These curves agree very closely with those obtained by
direct experiment, almost coinciding with them in the
majority of cases.

E fiiciency curves (electrical).—These are of interest as
a very complete test of the performance of the pump.
The power required to drive the motor light at all speeds
is constant; the same applies to driving the pump with-
oat water, the total losses in the motor—friction, eddy
current, and hysteresis—being the same for all speeds.
Sets of curves have been plotted, and from these—not
given here—the efficiency of the pump under any con-
ditions may be found.

General conelusions.—From the above, it is clear that
the same parabolic expression for the lift of the pump
gives curves which agree very closely with the curves
obtained by independent experiments over the ranges
indicated above. This expression may be termed the
Characteristic Equation of the pump.

The above test has been a severe one, and it has seemed
reasonable to ?lﬁpose that, within limits, the same form
of expression will apply to other pumps of a similar type.

It has been applied successfully to the following cases:
—A centrifugal pump tested by Mr. Livens—* Proceed-
ings,” Institution of Mechanical Engineers, 1908—having
a wheel 19.5in. diameter p about 13° and ¢ = 81°, which
running at 550 revolutions per minute gave an efficiency
of 71 per cent. when delivering 1600 gallons per minute
against a head of 25ft. The characteristic equation is
found to be 1.18 vy? + B wy v, — 142 u? = 2 g k.

Again, for a turbine pump having six vanes (¢# = 5* and
p=30) and four guide vanes (a = 3° —), where the
wheel diameter is 25 times the discharge pipe diameter,
the characteristic equation is: —

0:84 v)* + 488 wy vy — 587 w2 = 2¢ .

In the above cases v, and «, are the peripheral speed,
and the radial velocity of flow at axiﬁmr;:u the Eeei
ctively, i the )ift i
feet. For other particulars aeepﬁ Hydrl;u]icn = {Iffﬂ:;-t
The results cbtained from the test of a Mather and Platt
high-lift turbine pump—see ** Hydraulics and its Applica-
tions, - page 618, Gibson, 1908—delivering 2200 gallons per
minute at 1100 revolutions per minute against a head of
140ft., promise from the curves shown a result similar to
that of the smaller pump here tested, but no details are
furthcnn:lng. The efficiency of this pump rises to 70

céen

It is probable that in the small pump tested above the
losses are more exaggerated than they would be in larger
pumps.

The smoothness of finish and accuracy of the vane
angles are important features of pumps by continental
makers in general, the reduction of friction by this means
being very considerable. The pump on which the above
gﬂ:id experiments have been made is not finely

It would be of great interest in future experimen
determine the range of practical appli:ﬂginn uftathtz
characteristic equation in the case of larger pumps, but
from the above results and applications there seems little
doubt that this method of stating the performance of a
pump under known or tried conditions, and thence fore.
casting with fair accuracy its performance under untried

conditions, can be advantageous) asily
in most practical cases. - e pemo—y
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THE EFFICIENCY OF ELEOTRIC POWER
STATIONS.

IN the generation of electric power, or more correctly
speaking, in the transformation of the heat energy in coal
into electrical energy, excellent opportunities are afforded
for observing the inefliciency of the process. In order to
sell electric power it is necessary to measure it accu-
rately, and having done so, knowing the amount of fuel
consumed, it is easy to arrive at what has been lost in
the processes of transformation.

An American engineer, in referring to the boiler plant
of the traction company which works the street car
system of Cleveland, Ohio, recently said that the thermal
efficiency of that plant was approximately 8 cent.
By this he meant that out of every 100 tons of coal
burned the energy of but 8 tons was delivered to the
switchboard in the form of electricity. As a matter of
fact, 8 per cent. is a fair figure for some of the largest and
best equipped power stations at present in operation. It
has been estimated—by Mr. Hobart, we- believe—that
the average overall efficiency of existing British steam
electric stations is from 3.5 to 4.5 per cent. The thermal
efficiency of a generating station may be defined by say-
ing that it is the ratio of the heat units supplied to the
bus bars to the heat units in the coal. A kilowatt hour
or unit is equivalent to 3412.68 British thermal
units, so that we may write thermal efficiency equals

B 3412.66 x 100
pounds of coal per unit x calorific value.

It is interesting to calculate the thermal efficiencies of
different stations and to endeavour to discover the reason
for the varying results, but the main trouble lies in the
collection of the necessary data. To take a single case,
in one of the stations in this country, during a period of
twelve months 10,217,158 units were generated and
18,417 tons of coal were consumed. Thus 4.021b. of coal
were consumed in generating a unit. The estimated mean
calorific value of the fuel was 12,500 British thermal units,
so that the thermal efficiency of that particular station

. 8412.66 % 100
Was 102 % 1250

During the year ending June 30th, 1904, the output of
the Berlin Electricity Works was 113 million units, which
were supplied from a number of distributed power stations.
The overall thermal efficiency for those stations during
that period works out at 9.6 per cent. In the following
year, when the output had risen to 141 million units,
the efficiency was 10 per cent., and in the year 1906,
when the load remhefe 167 million units, the efficiency
only rose to 10.3 per cent. Thus it will be seen that
even with an enormous output such as that the thermal
efliciency, though high in comparison with that of some
plants, is at the same time in reality low. In the fore.
going it will be observed that the units considered are
those delivered to the bus bars of the station, and not to
the consumers, and, therefore, the transmission losses
have not been taken into account.

If we try to analyse the losses in a generating station
by fixing a certain efficiency for the steam raising plant,
another for the engines or turbines, and so on, it will be
found that unless these assumed efficiencies are fixed low
it will not be possible to get them to add up to a figure
corresponding with that calculated as above. The actual
result obtained by the formula will always seem too low.
This, however, is a very natural result when it is remem-
bered that the plant is only running at its full output
during a portion of the time, and it is, therefore, some-
what difficult to estimate the average efliciency of each
constituent. But that which adds to this discrepancy by
a considerable amount is the question of banking. In
the large lighting stations, and particularly during the
winter months, when bad fogs are liable to come on with
practically no warning, the quantity of coal used for
banking purposes has a very appreciable effect upon the
total consumption, and therefore upon the overall thermal
efficiency. But quit~ apart from such questions as these,
it is well known thit under the best conditions an
efficiency of much more than 11 per cent. cannot be
expected.

From tests carried out on a large number of generating
stations in America the various losses are estimated as
follows :—Ioss in ashes and leakage, 6 per cent.; heat
lost in chimney, 22 per cent.; that delivered to auxiliaries
and losses from pipes, 7.4 per cent.; main and auxiliary
exhaust, 58.7 per cent.; and minor losses 1.47 per cent.,
giving a total of 95.57 per cent. Of this loss 5 per cent.
is returned by the feed-water heater, so that the overall
thermal efficiency becomes 9.43 per cent. Different
investigators have naturally obtained slightly varying
results, but where the discrepancy comes in is generally
fairly evident, and, all things considered, the net results
are not far apart.

Occasionally engineers are reminded that we are wast-
ing our coal with enormous rapidity, and that a heat
engine is essentially uneconomical. The unscientific
public becomes alarmed; but when the newspaper
announcement goes on to state that there is ample coal
for at least another hundred years the story becomes
less exciting. One of the greatest helps in the way of
saving coal, although, unfortunately, not possible to a great
extent in this country, is the utilisation of water power.
In America, on the other hand, where they are excep-
tionally wealthy in this respect, the reduction in the coal
consumption is enormous. This is brought to light in a
statement made by Mr. L. B. Stillwell in a paper which
he read before the American Inmstitute of Electrical
Engineers in May of this year. During the year 1908, he
states, the plants of the Niagara Falls Power Company
delivered an output of 560,000,000 units. Had this out-
put been generated by large modern central stations using
steam po X )
mated 2000 tons per day. Were the users of Niagara
power dependent to-day upon their own individual
steam plants they would use in the aggregate not less
than 8000 tons of coal per day—in other words, more

= 6.78 per cent.

wer the consumption of coal would have approxi- | pos
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than 1,000,000 tons per annum. If this power were
replacing steam as used under average -conditlons
in the manufacturing cities, instead of being used
for the most part in supplying power to a compara-
tively small number of consumers using large amounts
of power, it is estimated that it would replace and save
nearly 2,000 000 tons of coal per annum. Whilst in this
country we can never hope to benefit to an appreciable
extent from natural sources of power we do, and have
done for years, looked forward to improvements in the
efficiency of our prime movers. Itis not due to lack of
energy on the part of English engineers, or indeed of
engineers in any other part of the globe, that more
economical results have not been obtained. No subject

which were illuminated by a constantly burning Argand
burner receiving its stpply of oil gas from large reservoirs
contained in the hull of the vessel. On her completion
the boat was anchored, for experimental purposes, off
Southend for about a month, and gave every satisfaction ;
and afterwards, for a more severe trial in open water, was
placed off the North Goodwin light vessel, during which
time and whilst being towed back to Blackwall the
mechanism worked most efficiently. We were recently
courteously invited by the Trinity House to inspect it, and
are permitted by them to reproduce the accompanying
engravings, Figs. 1 to 4, and to give the following descrip-
tion of che boat.

As will be seen from the engravings, the hull has some-
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Fig. I—DETAILS OF THE OPTICAL APPARATUS

has, or in all probability ever will, receive greater atten-
tion, and yet to-day it is by no means easy to see where
further improvements in the steam plant is to come from.
In the gas engine we place great hopes, for in this direc-
tion the view is not so misty. That the thermal efficiency
is higher all the world knows; that this type of engine
will become still more economical is probable, and that
the gas engine stations already in operation show an
appreciably higher overall thermal efficiency than the
steam stations was clearly shown in the paper recently
read before the Institution of Electrical Engineers by
Messrs. Andrews and Porter.

UNWATCHED FLASHING GAS-LIGHTED BOAT.

Our readers will be aware that for a number of years
now there have been stationed on the river Thames, and
at numerous points round our coasts, flashing or occult-
ing lights exhibited from gas buoys. The light in these
has been produced by means of a fixed dioptric lens
having an oil gas burner, and the occulting or flashing
of the light has been brought about by means of Pintsch’s
regulator, which can be adjusted to turn the gas on and off
at stated intervals with wonderful accuracy. The neces-
sary gas is contained under pressure in the body of the
buoy, and the light is being continuously lit and ex-
tinguished automatically day and night. We shall have
something more to say regarding these buoys later on;
but, meanwhile, we turn to a further development.

The Corporation of Trinity House, in whose hands is
entrusted the lighting of the coasts and channels of
England and Wales, have for some time been experiment-
ing in the direction of obtaining something in between
these buoys and the lightship proper. What has been
aimed at has been the provision of a flashing light produced
by arevolving lens in place of the fixed lenses used on gas
buoys, thereby increasing the power of the light by con-
densing it into revolving beams, without the necessity of
having men stationed on board the vessel.

After mature consideration Sir Thomas Matthews,
engineer-in-chief to the Trinity House, decided to advise
the Corporation to construct a vessel similar to, but con-
siderably smaller than, an ordinary lightship. This pro-
al having been approved, the vessel was built and
provided with a lantern carried on a structure which gave
the focal plane of the lenses a height of 26ft., and
the light a range of visibility of ten miles. In this
lantern was fitted an automatically driven pair of lenses,

thing the shape of a lifeboat. Its total length is 65ft.,
its beam 184ft.,, and its depth 10ift. The lantern is
carried on a four-legged steel structure erected amidships.
There are two holds—one forward and one aft—and each
contains two gasholders each having a capacity of
875 cubic feet. These receivers, when fully charged
with oil gas, contain sufficient for keeping the light in
action for about 100 days.

The lantern is 5ft. 3in. in diameter, and the light gives
a flash of 5100 candle-power intensity at intervals of ten
seconds. The revolving mechanism, which is shown in
Figs. 1 and 2, is exceedingly ingenious. The gas in the
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Fig. 2—PLAN OF LANTERN

reservoir holders is compressed to 74 atmospheres.
This, of course, is too high a pressure at which to work
the burner, and the gas is consequently first passed
through a governor or pressure-reducing valve, which
delivers it at a pressure of 7 lb. on the square inch.
This governor is shown in the engraving, Fig. 1. Tt
is ﬁxagota the side of the lantern, and from a rigid pipe
connected to it is taken a flexible rubber connection to
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UNWATCHED FLASHING GAS-LIGHTED BOAT

SIR THOMAS MATTHEWS, TRINITY HOUSE, ENGINEER

the apparatus. DBefore it passes to the burner, the
gas 1s taken to a small three-cylinder motor, in which
the cylinders are arranged at 120 deg. apart. The cylin-

ders are jin. in diameter, and are single-acting. They all |

work on to one crank, the shaft of which is connected to
the turntable of the lens by toothed gearing. The turn-
table is carried in a mercury bath, and there are ball bear-
ings at the top and bottom of the carriage. The whole
mechanism is so beautifully made and adjusted that the
power developed by the expansion of the gas in the three
cylinders of the motor 1s suflicient not only to revolve the
lenses, but to do so at an absolutely accurate rate. We
had an opportunity of observing this for ourselves, and
the experiment was not carried out in the workshop, but
on board the vessel itself, and with the mechanism just

that pressure should the exhaust from the motor be
insufficient. It will also automatically supply the full
quantity of gas to the burner in the event of the motor
stopping, thus maintaining a light in the apparatus,
although the beam in this case would be stationary. In
case anything should occur by which the pressure on
the burner rose above 3in., a further safety governor is
provided. Connection is made to it through a flexible
rubber pipe, and the function of this governor is to
exhaust the excess of gas into the atmosphere through
the discharge pipe shown.

As will be seen from Fig. 2 the apparatus is carried
on double gimbals, so that, no matter how the vessel may
roll, the lamp is always verticai. The trunnions of the
gimbals work 1n ball bearings, and the whole mechan-
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Fig. 3—LONGITUDINAL BECTION OF THE GAS-LIGHTED BOAT

as it had come out of its unwatched trial of one month

- g ® s ] |
down the river. A sensitive governor is provided, which

acts by putting a brake on the mechanism should there

be any tendency to go too fast. |
There are several points in connection

light.

gland. From the case it is led to a cylindrical reser-
voir, this being provided in order to counteract any
tendency to pulsation which there might be owing to the
discharge of the cylinders of the motor. From this reser-
voir the gas passes tothe low-pressure side of the governor
and thence to the burner. The high-pressure side of
the governor is connected with the feed-pipe to the
motor, and the governor is set to give a pressure of 3in.
of water on the burner, and will admit gas to make up

with the
mechanism which call for remark. The first is that the | Jantern. The balance is so arranged that an oscillation |
gas, as it is exhausted from the cylinders, is burnt in the | from one side of the lantern to the other occupies a period |
It is delivered from the cylinders into the case |
containing them, this case being hermetically closed, the !
mechanism spindle passing through a mercury sealed

ism is so accurately adjusted that it responds to the
slightest motion of the vessel. A weighted rod is pro-
vided to act as a pendulum, and to prevent undue motion.
On it is carried a wood buffer which can come into con-
tact with a wood fender carried round the inside of the

of five seconds.

The gas burner consumes 4 cubic feet of gas per hour,
and as the light is in action continuously day and night
this represents a no inconsiderable amount of gas in the
course of the year. In order to reduce this consumption |
Sir Thomas Matthews has been experimenting for some
considerable time with the use of incandescent inverted
mantles, and has been very successful with them as
applied to buoys, obfaining not only a largely increased
illumination but a very decided decrease in gas consump-
tion. It is proposed to adapt this system for use with the
unwatched light vessel described above. If this were

done, 8o great is the saving of gas that it would be neces-
sary to fill only one of the four reservoirs with gas. The
remainder might be filled with compressed air for driving
the motor. <The life of the mantle varies to some extent,
but as far as experience has gone it is quite long enough
to permit a period of, say, a month to elapse between
inspections. The adoption of incandescent inverted
mantles as contemplated would practically triple the
intensity of the beam of light, while considerably reducing
the consumption of gas. The Corporation of Trinity House
are, moreover, quite sanguine that they may soon be able
to apply this system of dioptric apparatus to light vessels
generally, in lieu of the present catoptric method of
illumination, which would prove a further stride of the
utmost importance., The illuminant, however, in this
case would be incandescent oil.

Then too—to recur to the subject of the gas-lighted
boat—a further improvement will probably be added by
means of an arrangement for automatically cutting off
the gas supply to the mantle between sunrise and sunset.
The principle of this device is that of a graduated cam
which can turn on and shut off the gas at greater or less
intervals, according to the variation in the length of day
with the time of year. A pilot light would always be
burning, of course; but this would consume a compara-
tively small amount of gas. With all these appliances

' the unwatched boat would look after itself for long periods,

lighting up the burner when it got dark, and extinguishing
it when it got light, and giving a regular flashing light

' during the hours of darkness.

Nor is this the full extent of the proposed automatism
of the vessel. The hull has been constructed with a well,
designed to accommodate an automatic submarine bell-

- signalling apparatus. This at present has not been fitted,

but we uoderstand that so successful have been the trials
with the automatic apparatus of the Submarine Signal Com.
pany on the Nab buoy in the Trinity House service, that it
i8 practically certain that advantage will be taken of the
forethought in providing for the addition of one of these. In
this case, with everything working well—and we see no rea-
son whatever why it should not—the unwatched light vessel
might take the place of some of the watched vessels, and
much saving of expenditure be thus effected. As we saw

' the vessel, the fog signalling equipment consisted of a

6 cwt. bell, which was suspended in the superstructure,
and was sounded, through the motion of the boat, by four
hammers in the upper part of the superstructure. Our
engraving shows this bell with its clappers in position.

The whole of the lighting apparatus in connection with
the vessel, with the exception of the lenses, which were
supplied by Chance Bros, and Co., of Birmingham, has
been constructed at the Trinity House Engineering work-
shops at Blackwall.

We may add that the hull of the boat was built by
H. and C. Grayson, Limited, of Liverpool.

Tur following information is from the report by the
British Vice-Consul at Emden (Mr. W. H. M. Sinclair) on the
trade of that district in 1908, which will shortly be issued :—An
undertaking which will be of interest has been initiated near
Aurich with Government assistance, Works are being erected
with a view to utilising peat, of which a vast supply is available,
for the generating of electricity. The Government will, it is
reported, require a supply of some 2,000,000 kilowatts yearly in
connection with the harbour at Emden.

e R
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THE RHEIMS AERONAUTICAL MEETING.
No. I

Tue official commencement of the Rheims aeronautical
meeting now being held under the management of the Aero
Club of France took place last Sunday. Throughout the
revious week the aeronauts who had entered for the
ifferent competitions comprised in the programme had
spent much time in the adjusting and testing of their
machines and getting used to the conditions of flight
imposed on them by the rules of the meeting. These
rules add some pew difficulties to those which
already attend successful flight, but while doing so
they call for the solution of problems which must be
overcome before we can seriously consider aerial traffic
and transportation.

Hitherto it has been found most suitable to make
flights either in the early morning or late evening, as
experience shows that at these time the atmospheric con-
ditions are most likely to be such as to render the
attempts successful. By the rules drawn up for the
Rheims meeting it is made obligatory that no official
start in any of the competitions be made before 10 a.m.
and none later than 7 p.m.

The restrictions laid on starting from the ground work
also for the ultimate progress of the art, and early in the
week one aeronaut was disqualified, as far as the attempt
in question is concerned, for occupying too much time in
leaving the ground.

With regard to the path of flight the competitors are
bound to follow the track laid out on the plains of
Betheny. This track is rectangular in shape, and
measures 10 kilometres to the lap. Atthe corners zo-called
pyramids have been erected to mark the course, while
about half-way down one of the shorter sides accommo-
dation has been provided for the judges and timekeepers.
At this point o the starting and finishing posts are
situated, and, on the outer side of the course, stands for
spectators, garages, and mancuvring grounds for the
aeroplanes are provided.

The programme for the week contains six principal
events, for which substantial monetary prizes will be
given. Although the direct scientific results will probably
be of little value, since it is not for the accumulation of
such data that the meeting is being held, there can be no
doubt that the various competitions which have been
arranged will test thoroughly the capabilities of the
different types of aeroplanes at present in existence.
Thus, the speed, endurance, and passenger -carrying
capabilities of the machines will be tested, and, in addi-
tion, a competition has been arranged in which the
altitude to which the aeroplane can reach is taken
as the point to be contested. There are three distinct
competitions for speed—the Gordon Bennett International
Cup Race of 20 kiloms., the Prix de Vitesse of 30kiloms.,
and the Tour de Piste of 10kiloms.; while the Grand
Prix, which is exciting the largest amount of interest
after the Gordon Bennett Cup, will be given as the reward
for the greatest endurance. So far eleven entries have
been received for the International race, but of these it
would seem five only are likely to take part in this event,
which has been set down on the programme for to-
morrow (Saturday). Of the entrants likely to participate,
three will be Frenchmen, one will represent this country,
and the United States will contribute the fifth. As
might be expected, the majority of the aeronauts at
Rheims this week are French, and the Aero Club of
France has found it necessary to institute eliminating
trials to determine their choice of three representatives.

Where the success of the meeting is so entirely at the
mercy of the chances of Nature it is necessary to econo-
mise the favourable moments in the meteorological
conditions. To this end it has been decided that, wher-
ever possible, a competitor may be held as having com-
peted in several events with the same flight. The

senger and altitude competitions are, however, to be

ept separate in this respect from each other and the

rest, while the Gordon Bennett race is likewise a
separate event.

When the meeting opened on Sunday morning at
10 o'clock the state of the weather was far from being
satisfactory ; but, despite the wind and rain, the com-
mittee expressed a desire that the Gordon Bennett
elimination trials should be proceeded with if possible.
In compliance with this request several aeronauts
attempted to make a start, but up till mid-day all these,
with the exception of one by M. Lefebvre, ended in failure.
M. Lefebvre, on a Wright biplane, set out intending to
complete the three laps required for the Prix de Vitesse,
but after accomplishing 1{ laps he was forced to descend,
the cause not being stated. He was, however, entitled
under the ruling mentioned above to enter this as an
attempt for the Tour de Piste, and his official time
for the 10-kilom. lap of this competition has been given
as 8 min. 58} sec. During the afternoon all attempts had
to be completely abandoned on account of the high wind,
but towards six o’clock in the evening the atmospheric
conditions improved somewhat, and in a short time
several aeronauts were on their machines. Some of these
succeeded in flying the 30 kiloms. for the Prix de Vitesse.
From the particulars of these and other results, which we
give below, it will be seen that M. Lefebvre's morning
perforrmance remained unexcelled. Thus the first day
passed without any exceptional results being recorded,
although sufficient was done to enable the committee to
select two of the French competitors as their representa-
tives for the Gordon Bennett race. Their choice fell on
MM. Lefebvre and Blériot, while M. Latham's name was
provisionally indicated as that of the third, the final
decision being held over until the results of the succeeding
days could be compared.

On Monday the weather had improved to a certain
extent, although the state of the wind was still such as to
give the oflicials and competitors cause for anxiety. As
on the previous day, the flights attempted in the morning
were on the whole unsuccessful, In the afternoon, how-
ever, several good performances were recorded, the most

notable of which was M. Paulhan's flight of 494 kiloms.
To accomplish this he remained in the air for 70 minutes.
He had earlier in the day carried out a flight of
57 minutes’ duration, and thus he made a double entry
for the Grand Prix. M, Blériot, on his 50 horse-power
Antoinette, succeeded shortly afterwards in establishing
a new record for the 10 kiloms., reducing the time taken
by M. Lefebvre on the previous day by 162 seconds. This,
in turn, was quickly improved upon by Mr. Curtiss, the
American representative, who flew over the 10-kilom.
lap in 8 min. 35% sec., which remained as the best
performance so far for the Tour de Piste.

Tuesday morning was entirely devoid of attempts, and
it was not until nearly five in the afternoon that the first
flight of the day was undertaken, as the weather again
was unfavourable. The proceedings about this time were
witnessed by President Fallidres and other ministers, who
had travelled to Rheims expressly for the purpose.

M. Paulhan again distinguished himself, and despite
the strong wind blowing, completed the three laps for
the Prix de Vitesse in 38 min. 12 sec. M. Latham
immediately afterwards set out on a similar course, and
succeeded in accomplishing the distance in 30 min. 2 sec.,
although a twentieth of this will be added on as a
E;null‘.y for not finishing a previous flight. Meanwhile

. Blériot had flown away on the single lap journey for
the Tour de Piste, and, flying low, broke the record made
by Curtiss on the previous day by doing the 10 kiloms. in
8 min. 4% sec. No other flights calling for special mention
were made during the day.

The weather conditions on Wednesday morning were
likewise of a nature to forbid any attempts at flight.
About 3 o'clock in the afternoon several aeronauts brought
their machines to the starting point, but none succeeded
in getting off. Shortly before 4 M. Paulhan made a
start in the Grand Prix contest, and was immediately
followed by M. Latham. The latter, however, had only
accomplished one round when he came back to earth
again. At the end of Paulhan's second round, M. Fournier,
on a Voisin biplane, set out to follow him, but only
succeeded in flying a short distance, when he was caught
by a gust of wind and fell heavily to earth. In
addition to the entire wreck of his machine, he was
himself stunned. Meanwhile Paulhan continued on
his course, and it was soon apparent that he was likely
to create a record for both time and distance. His
flight was keenly watched, and towards the end all others
were given up, even his rival aeronauts lending him
their encouragement. On his eleventh circuit of the
course, it was announced that he had beaten the world's
record for duration of flight, which was made a few
weeks by Sommer, who, on a Farman biplane,
remained in the air 2 h. 27 min. In the middle of his
fourteenth circuit Paulhan was seen to be descending,
and it was learned that his petrol supply had become
exhausted. He had, however, easily established a record
for both time and distance, having remained in the air
for 2 h. 43 min. 24 sec., during which time he flew a
distance of 181 kilometres—about 82 miles.

This notable ormance was practically the only
event of the day, other aeronauts being on the whole
unfortunate.

The table appended is necessarily incomplete, the more
notable flights only having been entered, and the figures

given are visional, as the final results have not yet
been issued. Three of the machines are illustrated on
page 218.

Speeds anwd Distances at Rheims,

Roaferences :—G.P. = Grand Prix. P.V. = Prix de Vitesse,
T.P. = Tour de Piste.

',..: Distance
Date. E‘E Aeronaut. Machine. kﬂg‘; o | Time.
3 tothelap
m. 8.
Aug. 22 | T.P. | Lefebvre .| Wright ... 1 lap 8 b58)
> - Tissandier ... S o 9 26}
i y» | De Lambert... o (IR RS 9 33¢
W i Latham... ...| Antoinette . & 9 47
" v | Paulban okl < e s 10 50
- - Sommer ...| Farman ... .. " 11 24}
- s | Cockburn .. N e B 11 44
24 i Bunan Varilla| Voisin ... = 13 8}
. | P.V. | Lefebvre .| Wright .. 3laps | 20 2
= =3 Paulban .. | Voisin ... .. = 32 49§
v+ | s | DeLambert...| Wright ... .. 5 20 2
3 »» | Tissandier ... iy 2 I . 28 59
Aug. 23 | G.P. | Paulhan Voisin ... ...|493 km.| —
e T.P. | Curtiss ... ...| Herring-Curtiss| 1 lap 8 353
i y» | Blériot . Blériot ... ...| 8 423
Aug. 24 | P.V. | Paulhan | Voisin ... ...| 3laps | 38 12
- 'P. | Blériot .., .. |Blériot .. ..| llap | 8 4
. P.V. | Latham .| Antoinette ..| 3laps | 30 2
Aug. 256 | G.P. | Paulhan Voisin ...{131 km. |163 24
ELECTROLYSIS.

THE restrictions imposed by the Board of Trade have
compelled engineers in this country to pay great atten-
tion to the bonding of rails on our electric traction
gystems, and it is thanks to these restrictions that the
troubles arising from electrolysis have been re-
duced to their present low standard. The resistance of
the return-circuit of an electric tramway is made up of
the rails themselves and the bonds connecting them
together. If this resistance is large, the current on its
way back to the power-house will take up another path,
provided, of course, that it can find one of sufficiently low
resistance. Thus, as many engineers have often found to
their sorrow, instead of the current returning to the
power-house or sub-station by way of the rails, some of
it finds its way back through the earth, or more correctly
speaking, through things which are buried in the earth,
Gas pipes, water mains, lead-covered cables, &e., are
all more or less good conductors of electricity,

and it is well known that with badly bonded rails
they will readily act as such. It is equally well
known that whenever current passes from a pipe or
cable to the ground, or to another pipe or cable, corrosion
of the metal takes place, holes and pittings are produced,
causing leaky piEea, rotting away the lead covering on
telephone and other cables, and so giving rise to a great
amount of inconvenience, expense, and annoyance. The
corrosion may be slow or it may be rq-pld. epending on
the strength of the stray current. It is for good reason,
therefore, that the Board of Trade requires that a con-
tinuous record be kept of tha difference in potential
between the point of the uninsulated return furthest from
and nearest to the power station. Should at any time
the difference of potential exceed 7 volts steps must be
taken to reduce it below that limit. The usual method
of reducing the drop at times of heavy loads is by means
of a negative or return wire booster, which may be
regarded as a pump for pumping back the current to
the station. There are other requirements of the Board
of Trade which have to be complied with, but we need not
enter into them here ; our object is merely to emphasise
the importance of these restrictions, and to draw atten-
tion to what has happened at Winnipeg in consequence
of no such rules being in force. rahr

In January last the Board of Control of Winnipeg
engaged Professor L. A. Herdt, of the McGill University,
to report upon the electrical conditions existing in the
city, particularly in connection with the return current
of the Winnipeg Electric Railway Company’s system and
its connection with the Government telephone cable
gystem, and to submit recommendations dealing with
improvements of the present state of aflairs, so thaﬁ
electrolysis or fire rieks, if such existed, might be elimi-
nated. His report, which has recently been issued, shows
what a large amount of damage can be done to water
pipes, &e., with badly bonded rails and a high resistance
return circuit due to other causes. The Winnipeg Street
Railway Company has two plants in the city. One of
them is a steam plant, which is kept in reserve, while the
other, which furnishes the whole of the electric current
for the street railway, receives its power from a hydro-
electric plant on the Winnipeg River. At times the
current taken by the railway, reaches 9000 ampéres, but
the average current is 6000 ampéres. It appears that the
return circuit of practically the whole system is abnor-
mally imperfect, and that the soil in the city has a
remarkably low resistance, so that in order to prevent
leakage currents a very small drop in the rail return
would be necessary.

According to a report of the city electrician electrolytic
action has mainly taken place in six distriets. Lengths
of water pipe and lead-covered cables taken from those
districts have been examined, and there appears to be no
doubt that the holes and breaks in them have been caused
by electrolysis. The damage in four districts is believed
to be due to the very bad condition of the bonding. The
condition of which may be judged when it is stated
that in one place, where the road bed is unpaved, the bond
wires, which are No.0 B and S soft copper wire, with
bonding cap terminals, gave ssure drop readings
equivalent to that of rails from 20ft. to 60ft.long. In this
country nearly all specifications call for 98 per cent. con-
ductivity in the bonds, and this is generally obtained.
At some parts the bonds are uncovered, and many of
these have been found to be broken altogether. Professor
Herdt states that in another district the rails are bonded
to the water pipes, and the heavy water mains in this
street carry a large part of the current, until it reaches a
point where the stray currents pass into the telephone
cables, which are bonded to the negative bus bars of the
sub-station, and also to the intricate network of mains and
service pipes lying in another district. It seems that in
their efforts to stop electrolysis a great deal has been done
in the way of bonding water and gas mains direct to the
rails. Indeed, one is led to suppose from the report that
these gas and water mains, and the telephone cables, act
just as much as return conductors as the rails themselves,
or possibly even more so.

The practice of bonding the tracks to water and
gas pipes, while affording local protection, has undoubtedly
encouraged leakage currents, and there appears good
reason to believe that the electrolysis troubles have been
intensified to a great extent by adopting this practice.
Professor Herdt, in his report, calls attention to this, and
recommends that the practice be abandoned. A great
number of American engineers appear to place reliance
on this practice of relieving mains from electrolysis at
badly affected places, but they seem to overlook the fact
that it is inviting the current to leave the rails and take
to the pipes, and it often gives rise to electrolytic action
at the joints. The conditions of things is well brought
out in a paragraph having reference to a test which was
made in the basement of a building where a record-
ing ammeter was connected between a water main and
telephone cable. At one time 50 éres were recorded
and the water pipe was positive to the telephone cables.

In addition to the imperfect condition of the bonding
in the greater part of the city, the general design of the
system also appears to add materially to the electrolysis
trouble. It is obvious that not only must the rails be well
bonded, but that they themselves should be of ample
section to carry whatever return current they may be
called upon to deal with. And no less important is the
question of low resistance return feeders, which should
take the current from the rails at various points. But at
Winnipeg the conditions in these respects are anything
but ideal. Between the rails, which are 701b. and 90 lb.,
there is a 500,000 circular mil cable which is cross-
bonded to the track. Readings taken along the line
between the high-pressure hydrants and domestic water
pipes show these positive to the rails. As a matter of
fact, throughout the whole centre of the city this condi-
tion is met. At one point the tracks are bnm{ed to return
feeders of a total sectional area equal to 6,848,000 circular
mils. The drop of potential between this point and the
negative bus bars, if these carried the railway current
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altogether, would reach 12volts at times. The distanceis
approximately 1200ft.; in other words, the drop of
potential from these tracks to the station is one volt per
100ft., which is, of course,excessive. Other return feeders
are bonded to the tracks at different points, but they are
of comparatively small section, and little current can be
carried by them.

The remedies for the trouble are naturally very
evident. Professor Herdt, in drawing up his recom-
mendations, has undoubtedly given sound advice, which if
acted upon will, we feel sure, remove the unpleasant
state of affairs at present existing at Winnipeg. First
he recommends the erection of sub-stations at different
pomnts, with a view to diminishing the amount of current
to be returned through the rails in the centre of the
city. Proper re-bonding of all tracks that show defect, and
special bonding and cross-bonding at intersections, is
urged upon the company, and also a system of inspection
of track returns. It is satisfactory to learn that the
company has placed an order for electrical machinery,
which will be erected in three new sub-stations, and
which will reduce very largely the amount of current
through the rails now very much overloaded. Its desire
quickly to remedy matters is also evident from the fact
that the company has now in operation a bonding car for
electrically brazing copper bonds on the rail joints. The
amount of cnépper in the return feeders will have to be
increased, and it seems that the cost of removing electro-
lysis troubles from Winnipeg will amount to something
considerable.

BRITISH ASSOCIATION FOR THE ADVANCE-
MENT OF SCIENCE.

Tue annual meeting of the British Association for the
Advancement of Science opened on Wednesday at Winni-
peg, Manitoba. This is th third occasion on which the
Dominion of Canada has witnessed the convention of the

members, previous meetings having been held at Mon-
treal and Toronto in 1884 and 1897 respectively. The
meetings are being held in the buildings of Manitoba

University, while other colleges and halls are being
utilised for reception and other purposes. Sir J. J.
Thomson is the president this year, and on the opening
day delivered his address, part of which is given below.

ADDRESS BY PROFESSOR SIR J. J. THOMSON, M.A., LL.D,
D.Sec., F.R.S,, President.

TWENTY-FIVE years ago a great change was made in the practice | illustrated on the

of the British Association. From the foundation of our Society
until 1884 its meetings had always been held in the British Isles ;
in that year, however, the Association met in Montreal, and a step
was taken which changed vus from an insular into an Imperial
Association. For this change, which now | think meets with
nothing but approval, Canada is mainly nsible. Men of
science welcome it for the increased opportanities it gives them of
studying under the most pleasant and favourable conditions
different parts of our Empire, of making new friends ; such meet-
ings as these not only promote the progress of science, but also
help to strengthen the bonds which %ind together the different
portions of the King’'s dominions.

This year, for the third time in a quarter of a century, we are
meeting in Canada. As if togive us an object lesson in the growth
of Empire, yon in Winnipeg took the opportunity at our first
meeting
and see for themselves the development of the Province at that
time. Those who were fortunate enough to be your guests then
as well as now are confronted with a change which must seem to
them unexampled and almost incredible. Great cities have sprung
up, immense areas have been converted from prairies to prosperous
farms, flourishing industries have been started, and the population
has quadrupled. As the President of a scientific association I hope
I may be pardoned if 1 foint out that even the enterprise and
energy of your people and the richness of your country would have
been less to effect this change without the resources placed
at their disposal by the labours of men of science.

The eminence of my predecessors in the chair at the meetings of |

the British Association in Canada makes my task this evening a
difficult one. The meeting at Montreal was presided over by Lord
Rayleigh, who, like Lord Kelvin, his colleague in the chair of
Section A at that meeting, has left the lion’s mark on every
department of physics, and who has shown that, vast as is the
empire of physics, there are still men who can extend its frontiers
in all of the many rv{uns under its sway. It has been my lot to
succeed Lord Rayleigh in other offices as well as this, and I know
how difficult a man he is to follow.

The President of the second meeting in Canada—that held in
1897 at Toronto—was Sir John Evans, one of the men who, like
Boyle, Cavendish, Darwin, Joule, and Huggins, have, from their
own resources and without the aid derived from official positions or
from the universities, made memorable contributions to science;
such men form one of the characteristic features of British science.
May we not hope that, as the Imu-la:lFa of science and the
interest taken in it increase, more of the large number of men of
independent means in our country may be found working for the
advancement of science, and thereby rendering services to the
community no less valuable than the 5]itiml, philanthropie, and
social work at which many of them labour with so much zeal and
success !

I can, however, claim to have some experience of, at any rate,
one branch of Canadian seience, for it has been my privilege to
receive at the Cavendish Laboratory many students from your
universities. Some of these have been holders of what is known
as the 1851 scholarships. These scholarships are provided from
the surplus of the Great Exhibition of 1851, and are placed at the
disposal of most of the younger universities in the British Empire,
to enable students to devote themselves for two or three years to
original research in various branches of science. | have had many
opportunities of seeing the work of these scholars, and I should
h‘Ea to put on record my opinion that there is no educational
endowment in the country which has done or is doing better work.

I have had, as | said, the privilege of having aspupils students from
your upiversities as well as from those of New Zealand, Australia,
and the United States, and have thus had opportunities of compar-
ing the effect on the best men of the educational system in force at
your universities with that which prevails in the older English
universities. Well, as the result, I have come to the coneclusion
that there is a good deal in the latter system which you have been
wise not to imitate. The chief evil from which we at Cambridge
suffer and which vou have avoided is, I am convinced, the ex-
cessive competition for scholarships which confronts our students
at almost every stage of their education. You may form some
estimate of the prevalence of these scholarships if I tell you that
the colleges in Lﬂ: University of Cambridge alone give more than
£35,000 a year in scholarships to unde uates, and I suppose
the case is much the same at Oxford. e result of this i1s that

tion for these scholarships dominates the education of the
great majority of the cleverer boys who come to these universities,
and indeed in some quarters it seems to be held that the chief

| students of pbysics

duty of a schoolmaster, and the best test of his efficiency, is to
make his boys get scholarships. The preparation for the scholar-
ship too often means that about two years before the examination
the boy begins to specialise, and from the age of sixteen does
little aﬁe than the subject, be it mathematies, classics, or natural
science, for which he wishes to get a scholarship ; then, on entering
the university, he spends three or four years studying the same
subject before he takes his d when his real life work ought
to in. How has this training fitted him for this work !
I will take the case in which the system might perhaps be expected
to show to greatest advantage, when his work is to be onginal
research in the subject he has been studying. He has certainly
acquired a very minuté acquaintance with his subject—indeed, the
knowledge by some of the students trained under this
system is quite remarkable, much greater than that of any other
students I have ever met. But though he bas acquired know-
ledge, the effect of studying one subject, and one subject only, for
so long a time is too often to dull his enthusiasm for it, and he
begins research with much of his early interest and keenness
evaporated. Now there is hardly any quality more essential to
success in research than enthusiasm. Research is difficult,
laborions, often disheartening. The carefully designed apparatus
refuses to work, it develops defects which may take months of
patient work to rectify, the results obtained may appear incon-
sistent with each other and with every knownlaw of Nature, sleep-
less nights and laborious days may seem only to make the confusion
more confounded, and there is nothing for the student to do but
to take for his motto *“ It's dogged as does it,” and plod on, com-
forting himself with the assurance that when success does come,
the difficulties he has overcome will increase the pleasure—one of
the most exquisite men can enjoy—of getting some conception
which will make all that was tangled, confused, and contradictory,
clear and consistent. Unless he has enthusiasm to carry him on
when the prospect seems almost hopeless and the labour and strain
incessant, the student may give up his task and take to easier,
though less important, pursuits.

I am convinced that no greater evil can be done to a young man
than to dull his enthusiasm. In a very considerahle experience of
beginning research, 1 have met with more—
many more—failures from lack of enthusiasm and determination
than from any lack of knowledge or of what is usunally known as
cleverness,

This continual barping from an early age on one subject, which
is so efficient in quenching enthusiasm, is much encouraged by the
practice of the colleges to give scholarships for proficiency in one
subject alone. 1 went through a list of the scholarships awarded
in the University of Cambridge last winter, and though there were
202 of them, I could only find three cases in which it was specified
that the award was made for proficiency in more than one subject.

The premature specialisation fostered by the preparation for
these scholarships injures the student by depriving him of
adequate literary culture, while when it extends, as it often does, to
specialisation in one or two branches of science, it retards the pro-

of science by tending to isolate one science from another,
he boundaries between the sciences are arbitrary, and tend to
disappear as science The principles of one science
often find most stnking and suggestive illustrations in the
phenomena of another. 'Thus, for example, the physicist finds in
astronomy that effects he has observed in the laboratory are
grand scale in the sun and stars. No better
illustration of this could be given than Professor Hale's recent dis-
covery of the Zeeman effect in the light from sun spots; in
chemistry, too, the physicist finds in the behaviour of the whole
series of reactions illustrations of the great laws of thermod ynamies,
while if he turns to the biological sciences he is confronted by pro-
blems, mostly unsolved, of unsu interest. Consider for a
moment the problem presented by almost any plant—the charac-
teristic and often exquisite detail of flower, leaf, and habit—and
remember that the mechanism which controls this almost infinite
complexity was once contained in a seed perhaps hardly large
unuufh to be visible. We have here one of the most entrancing
problems in chemistry and physics it is possible to conceive.
in, the lalisation prevalent in schools often prevents
students ol science from acquiring sufficient knowledge of mathe-
matics ; it is true that most of those who study physies do some

in Canada in 1884 to invite our members to visit Manitoba | mathematics, but I hold that, in general, they do not do enough,

and that they are not as efficient &h:,ru:iniats as they would be if
they had a wider knowledge of that subject. There seems at
present a tendency in some quarters to discourage the use of
mathematics in physics ; indeed, one might infer, from the state-
ments of some writers in quasi-scientific journals, that ignorance
of mathematics is almost a virtue. [If this is so, then surely of all
the virtues this is the easiest and most prevalent.

I do not for a moment urge that the physicist should confine
himself to looking at his problems from the mathematical point
of view ; on the con , 1 think a famous French mathematician
and physicist was guilty of only slight exaggeration when he said
that no discovery was really important or properly understood by
its author unless and until he could explain it to the first man he
met in the street.

But two points of view are better than one, and the physicist who
is also a mathematician a most powerful instrument for
scientific research with which many of the greatest discoveries
have been made ; for example, electric waves were discovered by
mathematics long before they were detected in the laboratory. He
bas also at his command a clear, concise, and universal,
and there is no better way of detecting ambiguities and discre-
pancies in his ideas than by trying to express them in this language.
Again, it often bappens that we are not able to appreciate the full
significance of some physical discovery until we have subjected it
to mathematical treatment, when we find that the effect we have
discovered involves other effects which have not been detected,
and we are able by this means to duplicate the discovery. Thus
James Thomson, ntlrﬁngb from the fact that ice floats un water,
showed that it follows by mathematics that ice can be melted
and water prevented from freezing by pressure. This effect,
which was at that time unknown, was afterwards verified
by his brother, Lord Kelvin, Multitudes of similar duplication of
pEfuicnl discoveries by mathematics could be quoted.

I have been pleading in the interests of physics for a greater
study of mathematics by physicists. I would also pl for a
greater study of physics by mathematicians in the interest of pure
mathematics.

The history of pure mathematics shows that many of the most
important branches of the subject have arisen from the attempts
made to get a mathematical solution of a problem suggested by
physics. Thus the differential calculus arose from attempts to deal
with the problem of moving bodies. Fourier's theorem resalted
from attempts to deal with the vibrations of strings and the con-
duction of heat ; indeed, it would seem that the most fruitful crop
of scientific ideas is produced by cross-fertilisation between the
mind and some definite fact, and that the mind by itself is com-
paratively nnproductive,

I think, if we could trace the origin of some of our most com-
prehensive and important scientific ideas, it would be found that
they arose in the attempt to find an explanation of some
lppnnnt:g trivial and very ial phenomenon ; when once
started the ideas grew to such generality and importance that
their modest origin could bardly be suspected. Water vapour we
know will refuse to condense into rain unless there are particles of
dust to form nuclei; so an idea before taking shape seems to

aire a nucleus of solid fact round which it can condense.
ra} have ventured to urge the closer union between mathematics
and physics, because I think of late years there has been some
tendency for these sciences to drift apart, and that the workers in
applied mathematics are relatively fewer than they were some
years ago. This is no doubt due to some extent to the remark-
able developments made in the last few years in experimental

physics on the one hand, and in the most abstract and meta-
physical parts of pure mathematics on the other. The fascination

of these has drawn workers to the frontiers of these regions who
would otherwise have worked nearer the junction of the two. In

too, it may be due to the fact that the problems with which
the applied mathematician has to deal are exceedingly difficult,
and many may have felt that the problems presented by the older
physics have been worked over so often by men of the highest
genius that there was but little chance of any problem which they
could have any hope of solving being left. e

But the newer developments of physics have opened virgin ground
which has not yet been worked over, and which offers problems to
the mathematician of great interest and novelty--problems which
will suggest and require new methods of attack, the development
of which will advance pure mathematics as well as physics.

I have alluded to the fact that pure mathematicians have been
indebted to the study of concrete problems for the origination of
some of their most valuable conceptions ; but, though, no doubt,

ure mathematicians are in many ways very exceptional folk, yet
in this respect they are very human. Most of us need to tackle
some definite difficulty before our minds develop whailever powers
they may possess. This is true for even the youngest of us, for our
school boys and school girls, and 1 think the moral to be drawn
from it is that we should aim at making the education in our
schools as little bookish and as practical and concrete as possible.

| once had an illustration of the power of the concrete in stimu-
lating the mind which made a very lasting impression upon me,
One of my first pupils came to me with the assurance from his
previous teacher that he knew little and cared less about
mathematics, and that he had no chance of obtaining a degree in
that subject.  For some time | thonght this estimate was correct,
but he happened to be enthusiastic about billiards, and when we
were reading that part of mechanics which deals with the collision
of elastic bodies | pointed out that many of the effects he was
constantly ohserving were illustrations of the subject we were
studying. From that time he wasa changed man. He had never
before regarded mathematics as anything but a means of annoying
innocent undergraduates; now, when he saw what important
results it could obtain, he became enthusiastic about it, developed
very considerable mathematical ability, and, though he bhad
already wasted two out of his three years at college, took a good
place in the mathematical triE:ya.

It is possible to read books, to pass examinations without the
higher qualities of the mind being called into play. Indeed, I
doubt if there is any process in which the mind i1s more quiescent
than in reading without interest. [ might appeal to the wide-
spread habit of reading in bed as a prevention of insomnia as a
proof of this. Bat it is not possible for a boy to make a boat or
for a girl to cook a dinner without using their brains. With
practical things the difficulties have to be surmounted, the boat
must be made water-tight, the dinner must be cooked, while in
reading there is always the hope that the difficulties which have
been slurred over will not be set in the examination.

[ think it was Helmholtz who said that often in the course of a
research more thought and energy were spent in redocing a
refractory piece of brass to order than in devising the method or
planning the scheme of campaign. This constant noed for
thought and action gives to original reasearch in any branch of
experimental science great educational value even for those who
will not become professional men of science. I have had con-
siderable experience with students beginning research in experi-
mental physies, and | bhave always been struck by the quite
remarkable improvement in judgment, independence of thought
and maturity Ermdumd by a year's research. Hesearch develops
qualities which are apt to atrophy when the student is preparing
for examinations, and, quite apart from the addition of new
knowledge to our store, is of the greatest importance as a means
of edacation.

It is the tice in many universities to make special provision
for the reception of students from other universities who wish to
do oniginal research or to study the more advanced of their
subject, and considerable num of such students migrate from
one university to another. 1 think it would be a good thing if
this practice were to extend to students at an earlier stage in their
career ; especially should 1 like to see a considerable interchange
of students between the universities in the Mother Country and
those in the Colenies.

| am quite sure that many of our English students, especially
those destined for public life, conld have no more valuable ex-
perience than to spend a year in one or other of your universities,
and | hope some of your students might profit by a visit to ours.

I can think of nothing more likely to lead to a better under-
standing of the feelings, the sympathies, and, what is not less
important, the prejudices, of one country by another, than by the
youths of those countries spending a part of their student life
together. Undergraduates as a rule do not wear a mask either
of politeness or any other material, and have probably a better
knowledge of each other’s opinions and points of view—in fact,
know each other better than do puutila of riper age. To bring
this communion of stundents about there must be co-operation
between the universities throughout the Empire ; there must be
recognition of each other's examinations, residence, and degrees.
Before this can be accomplished there must, as my freind ﬁr. E
B. Sargant pointed out in a lecture given at the MeGall
University, be co-operation and ition between the uni-
versities in each part of the Empire. 1 do not mean for a
moment that all universities in a countrv should be under one
government. I am a stmngk believer in the individuality of
universities, but I do not think this is in any way inconsistent with
the policy of an open door from one university to every other in
the Empire.

_ It has usually been the practice of the president of this Associa-
tion to give sume account of the progress made in the last few
years in the branch of science which he has the honour to
represent.

propose this evening to follow that precedent, and to attempt
to give a very short account of some of the more recent develop-

monts of physics, and the new conceptions of physical processes
to which tEudy bave led. . i
The peri since the Association lust met in

which has al:lpsod
Canade has been one of almost unparalleled activity in many
branches of physics, and many new and u ted properties of
matter and electricity have been discovered. Thbe history of this
period affords a remarkable illustration of the effect which may be
produnod__h}* a single discovery ; for it is, I think, to the discovery
of the Rintgen rays that we owe the rapidity of the ress
which has recently been made in physics. A striking disco like
that of the Riintgen rays acts much like the discovery of gold in a
sparsely populated country ; it attracts workers who come in the
first pllm for the gold, but who may find that the country has
other products, other charms, perhaps even more valuable than

the goid itself. The country in which the gold discovered i
:iha: case of the Rintgen rays was the dwnt ni'phrﬁ:

ling with the discharge of electrici h )

which, almost from the beginning :!I tglrggm S u:innne,l mhﬂ
attracted a few enthusiastic workers, who felt convinced that the
key to unlock the secret of electricity was to be found in a vacuum
tube. Riintgen, in 1895, showed that when electricity
through such a tube, the tube emitted rays which pass
through bodies opaque to ordinary li ht, which could, for
example, pass through the flesh of the ¥, and throw a shadow
of the bones on a suitable screen. The fascination of this dis-
covery attracted many workers to the subject of the discharge of
electricity through gases, and led to great improvements in the
instruments used in this type of research. It is not, however, to
the power of probing dark places, important though this is, that
the influence of Réntgen rays on the progress of science has mainly
been due; it is rather because these rays make gases, and, indeed
solids and liquids, through which they pass, conductors of elec.
tricity. It is true that before the discovery of these rays other
methods of making gases conductors were known, but none of
these was so convenient for the purposes of accurate measurement,
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The ltud&of gases exposed to Rontgen rays has revealed in
such gases the presence of particles charged I’ii electricity ; some
of thaﬁtplrhclu are charged with positive, others with negative
electricity,

The properties of these particles have been investigated ; we

know the charge they carry, the speed with which they move
under an electric force, the rate at which the oppositely charged
unes recombine, and these investigations have thrown a new light,
not only on electricity, but also on the structure of matter.
_ We know from these investigations that electricity, like matter,
is molecular in structure, that just as a quantity of hydrogen is a
collection of an immense number of small particles called molecules,
s0 a charge of clectricity is made up of a great number of small
charges, each of a perfectly definite and known amount.

Helmboltz said in 1580 that in his opinion the evidence in favour
of the molecular constitution of electricity was even stronger than
that in favour of the molecular constitution of matter. How
much stronger is that evidence now, when we have measured the

on the unit and found it to be the same from whatever
source the electricity is obtained. Nay, further, the molecular
theory of matter is indebted to the molecular theory of electricity
for the most accurate determination of its fundamental quantity,
the number of molecules in any given quantity of an elementary
substance.

The great advantage of the electrical methods for the study of
the rties of matter is due to the fact that whenever a
particle is electrified it is very easily identified, whereas an un-
charged molecule is most elusive ; and it is only when these are
present in immense numbers that we are able to detect them. A
very simple calenlation will illustrate the difference in our power
of detecting electrified and unelectrified molecules. The smallest
quantity of unelectrified matter ever detected is bly that of
ueon, one of the inert of the atmosphere. Professor
Strutt has shown that the amount of neon in one-twentieth of a
cubic centimetre of the air at ordinary pressures can be detected
Ly the spectroscope ; Sir William Ramsay estiniates that the neon
in the air only amounts to one part of neon in 100 000 parts of
air, 0 that the neon in one-twentieth of a cubic centimetre of air
would only occupy at atmospheric pressure a volume of half a
millionth of a cubic centimetre. Whan stated in this form the
quantity seems exceedingly small, but in this small volume there
are about ten million mill:on molecules. Now the tion of
the earth is estimated at about fifteen hundred millions, so that
the smallest number of molecules of neon we can identify is about
7000 times the population of the earth. In other words, if we had
no better test for the existence of a man than we have for that of
an onelectrified molecule we should come to the conclusion that
the earth is uninhabited. Coptrast this with our power of detecting
electrified molecules. We can by the electrical method, even
better by the cloud method of C. T. R. Wilson, detect the nce
of three or four charged particles in a cubic centimetre. Ruther-
ford has shown that we can detect the ce of a single a

e. Now the a particle is a charged atom of heliom : if this
atom had been uncharged we should have required more than a
million million of them, instead c¢f one, before we should have
been able to detect them.

We may, 1 think, conclude, since electrified particles can be
studied with so much greater ease than unelectrified ones, that we
shall obtain a knowledge of the ultimate structure of electricit
before we arrive+at a corresponding degree of certainty wi
regard to the structure of matter.

We bave already made considerable in the task of
discovering what the structure of electricity is. We have known
for some time that of one kind of electricity—the negative—and
a very interesting one it is. We know that negative electricity is
made up of onits all of which are of the same kind ; that these
units are exceedingly small com with even the smallest atom,
for the mass of the unit is only ,./;;th part of the mass of an
atom of hydrogen ; that its radius is only 10— 12 centimetre, and
that these units, “* corpuscles ” as they have been called, can be
obtained from all substances. The size of these es is on
an al er different scale from that of atoms ; the volume of a

le bears to that of the atom about the same relation as
that of a speck of dust to the volume of this room. Under suit-
able conditions they move at enormous which approach in
some instances the velocity of light.

The discovery of these corpuscles is an interesting example of
the way Nature responds to the demands made upon her by
mathematicians, Some years before the discovery of corpuscles it
had been shown by a mathematical investigation that the mass of
a body must be increased by a charge of electricity. This increase,
however, is greater for small bodies than for e ones, and even
bodies as small as atoms are hopelessly too large to show any
appreciable effect; thus the result seemed entirely academic,
After a time corpuscles were discovered, and these are so much
smaller than the atom that the increase in mass due to the charge
becomes not merely appreciable, but so great that, as the experi-
ments of Kaufmann and Buocherer have shown, the whole of the
mass of the corpuscle arises from its charge.

We know a great deal about negative electricity ; what do we
know about positive electricity ! Is positive electricity molecular
in structure’ Is it made up into units, each unit carrying a
charge equal in magnitude, though opposite in sign, to nfilt-
carried by a corpuscle ! Does, or does not, this unit differ, in size
and physical properties, very widely from the scle! We
know that by suitable processes we can get co les out of any
kind of matter, and f.Ea.t the corpuscles will be the same from
whatever source they may be derived. Is a similar thing true for
positive electricity ! Can we get, for example, a positive unit from
oxygen of the same kind as that we get from hydrogen !

For my own I think the evidence is in favour of the view
that we can, although the nature of the unit of positive electricity
makes the much more difficult than for the negative unit.

In the first place, we find that the positive particles—'‘ canal-
strahlen " is their technical name—discovered by our distinguished
guest, Dr. Goldstein, which are found when an electric discharge

through a highly rarefied gas, are, when the pressure is very
ow, the same, whatever may have been the gas in the vessel to
begin with. If we pump out the gas until the pressure is too low
to allow the discharge to pass, and then introduce a small quantity
of gas and restart the discharge, the positive particles are the
same whatever kind of gas may have been introduced.

1 have, for example, putinto the exhaunsted vessel ox , Argon,
helium, the vapour of carbon tetrachloride, none of which contain
hydrogen, and found the positive particles to be the same as when

hydrogen was introduced.
Some experiments made lately by Wellisch, in the Cavendish
Laboratory, ly su the view that there is a definite unit
of positive electneity independent of the gas from which it is
derived ; these experiments were on the velocity with which
positive particles move through mixed If we bave a
mixture of methyl-iodide and hydrogen ex to Rintgen rays,
the effect of the rays on the methyl-iodide 1s so much greater than
on the hydrogen, that, even when the mixture contains only a
small percentage of methyl-iodide, practically all the electricity
comes from this and not from the bydrogen.

Now, if the positive particles were merely the residue left when
a le bad been abstracted from the methyl-iodide, these
particles would have the dimensions of a molecule of methyl-iodide ;
this is e and heavy, and would therefore move more
slowly through the hydrogen molecules than the itive particles
derived from hydrogen itself, which would, on this view, be of the
size and weight of the light hydrogen molecules. Wellisch found
that the velocities of both the positive and negative parcels through
the mixture were the same as the velocities through byd !
although in the ooe case the ions had originated from methyl-
iodide, and in the other from hydrogen; a similar result was
obtained when carbon tetrachloride or mercury methyl was used
instead of methyl-iodide. These and similar results lead to the
conclusion that the atom of the different chemical elements con-

tains definite units of positive as well as of
that the positive electricity, like the negative, is molecular
structure.

negative electricity, and
in

The investigations made on the unit of positive electricity show
that it is of quite a different kind from the unit of negative, the
mass of the negative unit is exceedingly small com with any

atom, the only positive units that np to the present have been
detected are quite comparable in mass with the mass of an atom
of hydrogen ; in fact, they seem equal to it. This makes it more
difficult to be certain that the unit of positive electricity has been
isolated, for we have to be on our guard against it being a much
smaller body attached to the hydrogen atoms which happen to be
present in the vessel. If the positive units have a much greater
mass than the ive ones, they ought not to be so easily
deflected by magnetic forces when moving at equal speeds ; and
in general the insensibility of the positive particles to the influence
of a magnet is very marked ; though there are cases when the

itive particles are much more readily deflected, and these have

n interpreted as proving the existence of positive units compar-
able in mass with the negative ones. | have found, however, that
in these cases the positive icles are moving very elowly, and
that the ease with which they are deflected is due to the smallness
of the velocity, and not to that of the mass. It should, however,
be noted that M. Jean Becquerel has observed in the absorption
spectra of some minerals, and Professor Wood in the rotation of
the plane of polarisation by sodium vapcur, effects which could be
explained by the presence in the substances of positive units com-
parable in mass with scles, This, however, is not the only
explanation which can be given of these effects, and at present the
smallest positive electrified particles of which we have direct experi-
mental evidence have masses comparable with that of an atom of
hydrogen.
A knowledge of the mass and size of the two units of electricity,
the positive and the negative, would give us the material for con-
structing what may be called a molecular theory of electricity, and
would be a starting point for a theory of the structure of matter ;
for the most natural view to take, as a provisional hypothesis, is
that matter is just a colleetion of positive and negative units of
electricity, and that the forces which hold atoms and molecules
together, the properties which differentiate one kind of matter
from another, all have their origin in the electrical forces exerted

positive and negative units of electricity, grouped together in
different ways in the atoms of the different elements.

As it would seem that the units of positive and negative electricity
are of very different sizes, we must matter as a mixture
containing systems of very different types, one type corresponding
to the small corpuscle, the other to the large positive unit.

Since the energy associated with a given charge is greater, the
smaller the body on which the charge is concentrated, the energy
stored up in the negative corpuscles will be far greater than
that stored up by the positive., The amount of energy which is
stored up in ordinary matter in the form of the electrostatic
potential energy of its corpuscles is, I think, not generally realised
All substances give out les, so that we may assume that
each atom of a substance contains at least one corpuscle. From
the size and the charge on the scle, both of which are known,
we find that each corpuscle has 8 x 10—7 ergs of energy ; this is
on the supposition that the usual expressions for the energy of a
c body hold when, as in the of a corpuscle, the charge
is reduced to one unit. Now, in one gramme of hydrogen there
are about 6 x 10 atoms, so if there is only one corpuscle in each
atom, the en due to the corpuscles in a gramme of hydrogen
wonld be 48 x 10" ergs, or 11 x 10" calories. This is more than
seven times the heat developed by one gramme of radium, or than
that developed by the burning of five tons of coal. Thus we see
that even ordinary matter contains enormous stores of energy ;
this energy is fortunately kept fast bound by the corpuscles ; if at
any time an appreciable fraction were to get free, the earth would
explode and become a gaseous nebula.

e matter of which I have been speaking so far is the material
which builds u
studied by the chemist, and which he can represent by a formula ;
this matter occupies, however, but an insignificant fraction of the
universe, it forms but minute islands in the t ocean of the
ether, the substance with which the whole aniverse is filled.

The ether is not a fantastic creation of the speculative philoso-
pher ; it is as essential to us as the air we breathe. For we must
remember that we on this earth are not living on our own resources ;
we are dependent from minute to minute upon what we are getting
from the sun, and the gifts of the sun are conveyed to us by the
ether. [tis to the sun that we owe not merely night and day,
springtime and harvest, but it is the energy of tbe sun, up
in coal, in waterfalls, in food, that practically does all the work of

the world.
How great is the supply the sun lavishes n us becomes clear
when we consider that the heat received by the earth under a bhigh

sun and a clear sky is equivalent, according to the measurements
of Langley, to about 7000 horse-power per acre. Though our engi-
neers have not yet discovered how to utilise this enormous supply
of power, they will, I have not the slightest doubt, ultimately
succeed in doing =0 ; and when coal is exhausted and our water-
power inadequate, it may be that this is the source from which we
shall derive the energy necessary for the world's work. When
that comes about, our centres of industrial activity may perhaps
be transferred to the burning deserts of the Sahara, and the value
of land determined by its suitability for the reception of traps to
catch sunbeams,

This energy, in the interval between its departure from the sun
and its arrival at the earth, must be in the space between them.
Thus this space must contain something which, like ordinary
matter, can store up energy, which can at an enormous pace
the energy associated with light and heat, and which can, in
addition, exert the enormous stresses necessary to keep the earth
circling round the sun and the moon round the earth.

The study of this all-pervading substance is, perhaps, the most
fascinating and important duty of the physicist.

On the electro-magnetic theory of light, now universally ac-
ce , the energy streaming to the earth travels through the
ether in electric waves ; thus practically the whole of the energy
at our di hus at one time or another been electrical energy.
The ether must, then, be the seat of electrical and etic
forces. We know, thanks to the genius of Clerk Maxwell, the
founder and inspirer of modern electrical theory, the equations
which express the relation between these forces, and although for
some pu these are all we require, yet they do not tell us
very much about the nature of the ether.

The interest inspired by equations, too, in some minds is apt to
be somewhat Platonic ; and something more grossly mechanical —
a model, for example, is felt by many to be more ive and
manageable, and for them a more powerful instrument of research,
than a purely analytical theory.

Is the ether dense or rare ! [Has it a strncture ! Is it at restor
in motion! are some of the questions which force themselves
upon us.

et us consider some of the facts known about the ether.
When light falls on a body and is absorbed by it, the body is
pushed forward in the direction in which the light is travelling,
and if the body is free to move it is set in motion by the light.
Now it is a fandamental principle of dynamics that when a body is
set moving in a certain direction, or, to use the Inﬁulga of
dynamics acquires momentum in that direction, some other mass
must loose the same amount of momentum ; in other words, the
amount of momentum in the universe is constant. Thus,
when the body is pushed forward by the light some
other must have lost the momentum the body acquires,
and the only other system available is the wave of light
falling on the body ; hence we conclude that there must have
been momentum in the wave in the -direction in -which it
is travelling. Momentum, however, implies mass in motion.
We conclude, then, that in the ether through which the wave is

the earth, tbe sun, and the stars, the matter |

moving there is mass moving with the velocity of light. The ex-
peﬁﬁh made on the due to light enable us to calculate
this mass, and we find mnnbic kilometre of ether carrying
light as intense as sunlight is at the surface of the earth, the mass
moving is only about one-fifty-millionth of a milligramme. We
must be careful not to confuse this with the mass of a cubic kilo-
metre of ether ; it is only the mass moved when the light passes
through it ; the vast majority of the ether is left undisturbed by
the light. Now, on the electro-magnetic theory of light, a wave
of light may be regarded as made up of groups of lines of electric
force moving with the velocity of light ; aod if we take this point
of view we can prove that the m:;l of ether per cnh;:: Ti:nnhﬂ?:ﬁ
carried along is proportional to the energy y
of eluch-i:fﬁﬂ cubic centimetre, divided by the square of the
velocity of light. Bat though lines of electric force carry some of
the ether along with them as they move, the amount so carried,
even in the strongest electric fields we can produce, is buta minute
fraction of the ether in their neighbourhood. . ,
This is proved by an experiment made by Sir Oliver Lodge in
which light was made to travel throngh an electric field in rapid
motion. If the electric field had carried the whole of the ether
with it, the velocity of the light would have been increased by the
velocity of the electric field. As a matter of fact, no increase

hate Id be detected, though it would have been registered
it bt B — of that of the field.

if it bad amounted to one-thousandth part

The ether carried along by a wave of t must be an exceed-
ingly small part of the volume through which the wave 13 spread.
Parts of this volume are in motion, but by far the greater part 1s
at rest ; thus in the wave front there cannot be umiformity, at
some parts the ether is moving, at others it is at rest—in other
words, the wave front must he more analogous to bright specks on
a dark ground than to a uniformly illuminated surface.

The place where the density of the ether carried along by an
electric field rises to its highest value is close to a !-puncln, for
round the corpuscles are by far the strongest electric fields of
which we have any knowledge. We know the mass of the cor-
puscle, we know L ufgl::nnn'n experiments that this arises
entirely from the electric charge, and is therefore due to the ether
carried along with the corpuscle by the lines of force attached
to it.

A simple calculation shows that one-half of this mass is contained
in a volume seven times that of a cor Since we know the
volume of the corpuscle as well as the mass, we can calculate the
density of the ether attached to the corpuscle ; doing so, we find
it amounts to t.hu'B:od' ious value of about 5 x 10'% or about
2000 million times tu‘f’lnﬂ. Sir Oliver Lodge, by somewhat
different considerations, has arrived at a value of the same order
of magnitude, 3

Thusaround the corpuscleether must have anextravagantdensity:
whether the density is as great as this in other places depends upon
whether the ether is compressible or not.  If it is compressible,
then it may be condensed round the corpuscles, and there have
an abnormally great density ; if it is not compressible, then the
density in free space cannot be less than the number I have just
mentioned.

With t to this point we must remember tpa:t the forces

acting on the ether close to the corpuscle are If the

ether were, for example, an ideal gas whose density increased in

ion to the pressure, however great the pressure might be,
then if, when ecposed to the pressures which exist in some direc-
tions close to the corpuscle, it had the density stated above, its
density under atmospheric pressure would only be about 8 x 1014,
or a cubic kilometre would have a mass less than a gramme ; so
that instead of being almost incom ly denser than lead, it
would be almost incomparably rarer than the lightest gas,

I do not know at present uf any effect which would enable us to
determine whether ether it compressible or not. And although at
first sight the idea that we are immersed in a medium a'most
infinitely denser than lead mizht seem inconceivable, it is not so
if we remember that in all probability matter is composed mainly
of holes. We may, in fact, regard matter npnnuuing a bird-mgo
kind of structure in which the volume of the ether disturbed by
the wires where the structure is moved is infinitesimal in compari-
son with the volume enclosed by them. 1f we do this, no difficulty
arises from the great density of the ether ; all we have to do is to
increase the distance between the wires in proportion as we
increase the density of the ether.

(To be continued).

ACCORDING to the Nachrichten fir Handel wund Industrie
(Berlin) of July 29c¢h, the city authorities of Belgrade are
arranging to the drinking-water system, to defray the
cost of which a loan will be issned. The intention is to build «
reservoir on an elevation near Belgrade, in order to get the requi-
site pressure for taking the water to the city.

METEOROLOGICAL REPORT vOR 1908-8.—The re of the As-
tronomer Royal states that during the twelve months ended April
30th last the highest temperature in the shade was 84.0 deg. on
July 3rd. The lowest temperature recorded was 12.1 deg. on
December 30th. Daring the winter there were 54 days on which
the temperature fe!l below 320 deg., being two less than the
average number. The mean daily horizontal movement of the air in
the year was 266 miles, which is 16 miles below the average of the
preceding 41 years, The greatest recorded daily movement was
{76 miles on Feb 3rd, and the least 36 miles on January 28¢h.
The greatest recorded pressure of the wind was 16,2 lb. on the
square foot on September 9th, and the greatest hourly velocity
43 miles on November 23rd and February 3rd. The number of
hours of bright sunshine recorded was 1752 out of 4458 hours
during which the sun was above the horizon. As contributing to
this exceptionally high pmmrtinn, it may be mentioned that in
three of the months—October, November, and April—the amount
registered was the highest for those months, reaching in April a
percentage of 60 for the first time in any month, and in three
other months—June, January, and February—the amount regis-
tered was the second highest for those months, The rainfall for the
year was 22 60in., being 1.52in. less than the average of the 65 years
1841-1905. The number of rainy days—0.005in. or over—was 155.
The mean temperature for the year 1908 was 49.8 deg., or 0.2 deg.
above the average for the 65 years 1841-1905,

DREDGING PLANT ¥OR THE PORT OF ParA.—Last month (July)
there sailed from the Clyde, bound for the Port of Para, Brazil, a

werful bucket dredger named Andre Reboucas, constructed by

essrs. Lobnitz and Co., of Renfrew, for the Port of Para. This
dredger wa= ordered as recently as March 11th, the keel was laid
on April 11th and the vessel ready for trial on July 9th, thus
being completely manufactured and delivered within four months
from the time of passing the order and creating a record in
rapidity of construction for this class of vessel. The dredger is of
the non-propelling type, very stifly and powerfully con-
structed for dred to a depth of 45ft. below water level in
hard matenial. he 600 horse - power dredging engines are
situated high up near the top tumbler, and their gearing is
designed in so simple a manner that one may say they practically
act !hranl:ly upon the buckets, and thus work with the greatest
possible efficiency in dealing with hard material. The huge shaft
of the tumbler over which the buckets turn at the top is of solid
steel 194in. in diameter, similar to that of the great dredger
Peluse, owned by the Suez Canal Company. All the gear wheels
bave their teeth machine cut from the solid steel. Three
vertical sided ho barges were built at the same time by
Messrs. Lobnitz and Co., Renfrew, Scotland, to serve thisdredger,
which will be used by the contractors, Messrs. S. Pearson and Son,
Limited, of Westminster, together with the existing self-
propelling bucl_:at dredger, two large suction dredgers, and other
floating plant in connection with the important new port works
under construction at Para.
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THE LATEST SYSTEM OF POWER RAILWAY
SIGNALLING.

THERE has recently been brought into use at Yarnton,
near Oxford, on the Great Western Railway, an all-electric
power-signalling plant which contains some novel features.

The locking frame—page 214—contains fifty levers, of which
seven are spare. These levers are of the usual miniature
type employed in power systems, but they differ from most of
the others in that the lever can be pulled fully over, and
point levers can also be put fully to normal at one stroke
instead of there being a pause in the middle of the move.
ment, This pause, it should be noted, arises through a
check lock that stops the lever after it has travelled suffi-
ciently far to switch in the electrical or other power to operate
the points. This lock is taken out of the lever by power over
a return wire or pipe from the points. The return current
flows as soon as, but not before, the points are in their
altered position, and—if facing points—duly plunged and
locked. Unless and until, therefore, the lever has done its
work the check lock cannot be withdrawn, and this not only
gives an intimation to the signalman that the work is no3
done, but, as the lever is not fully over, the sympathetic
levers—such as a siding signal following the opening of some
siding points—capnot be pulled until all is in order. This
‘‘ returnindieation,’” whilst very useful, is apt tospoil theother-
wice beneficial effects of power signalling, in that the signal-
man has to pause in the middle of moving a lever.

In the new frame at Yarnton there is no such check lock,
and the signalman is able to pull over the levers in the same
way as in a mechanically-operated frame, but much quicker

SIGNAL

ELECTRICALLY-OPERATED

and with no exertion, of course ; but the safeguards afforded
by the *‘ return indication '’ are to be found here, though they
are provided in another way. These consist of electrical circuits
to the corresponding signals, which are not cgmpleted until
the point lever has done its work. There is also what is
known as ‘‘ constant detection’’ of the points, and this
causes any signal at once to be thrown to danger, or, i f
already at danger, to be kept there, should any points such a
signal applies to become damaged in any way. In order that
the signalman may know how the ‘‘return indication’’ 1s,
there is provided behind each point lever a visual indication
with three screens—'‘ normal,”’ ‘‘ wrong,”’ ‘‘ reversed.”’

Two views on page 214 show the lay out at facing points and
trailing points respectively. The only difference lies 1n the fact
that the former has a facing point locking bar. For each there
is a plunger working through the casting seen in the ‘“ four-
foot '’ into a divided stretcher rod. In this casting are the
cireuit controller—whereby the current is cut off when the
points are over—the detectors, and return-indication circuits.

Above is a view of a signal. Signals are operated by a
motor having a combined electric clutch gear and holding-off
coil, and the signal goes on without rotating the motor or 1ts
gear wheels, and all risk of the latter jamming is eliminated.

The exterior of the signal-box is also shown. Opposite to 1t
is a small power-house containing a 10 horse-power oil engine
connected to a generator, which supplies the necessary
current for two batteries of 60 cells. Sufficient power is
provided by charging three to four hours twice a week.

The work has been carried out by McKenzie and Holland,
Limited, of Victoria-street, Westminster, and Worcester.

ADMIRALTY CoURrsEs oF INsTRUCTION.—The Secretary of the
Admiralty announces that courses of instruction for officers will be
held as follows:—Signals (Portsmouth), short course for Lteuvt-en-
ants, R.N., 20d to 23rd October, 1909 ; short course for R.N.R.
Officers, 23rd October to 6th November, 1909. Physical Tfamtng
(Portsmouth), short course for Lieutenants, R.N , Captains an
Lieutenants, R.M., and Warrant Officers, R.N., 11th October to
11th December, 1909. Gunnery and Torpedo, short course for
R.N.V.R. Officers, 9th to 22nd October, 1909.

HYDRAULIC FORGING PRESS

HENRY BERRY AND CO.,

LIMITED, LEEDS, ENGINEERS

A NEW HYDRAULIC FORGING PRESS.

A NEW and powerful hydraulic forging press has recently
been completed by Henry Berry and Co., Limited, of Leeds,
for a foreign Government. It will be seen from the accom-
panying engraving that the frame is of the ** overhung "’ type,
and is in one piece, with the table and cylinders. Three
eylinders are embodied 1n the design of the machine, two of
these being vertical and one horizontal. Of the vertical
cylinders, one can exert a total pressure of 500 tons, while
the other gives 100 tons. The horizontal cylinder is capable
of exerting a force of 250 tons, the stroke of all three cylinders
being 2ft. HEach of the vertical cylinders has attached to it
a separate draw-back cylinder, To economise the consump-
tion of high-pressure water, the 500-ton vertical and the
horizontal cylinders are fitted with means whereby the rams
may be brought up to the work by, and the cylinders filled
with low-pressure water taken from a supply contained in an
overhead tank. Thus, the high-pressure supply is only called
upon to provide energy for doing the useful work of the press.
The table is 4ft. square, and is provided on the top and front
side with the customary slots for the bolts holding down the
work, or, as may be sometimes desired, securing an extension
to the front of the table,

The body of the press, which is made of S8iemens-Martin
cast steel, has formed on it, in line with the horizontal
oylinder, two lugs which will be found of use in the manipu-
lation of some jobs, such as tube staving. A set of Berry's
patented working valves mounted on a stand, having inlet and
outlet connections common to all the valves, is supplied with
the press, and is placed near it, so that the operator has a
good view of the work on the table.

MILITARY TRACTORS IN GERMANY.

IT may not be generally known that in order to promote
the construction and use of heavy motor vehicles, with a view
to these being available for the use of the army in the event
of war, the German Parliament voted the sum of £40,000 as
subsidies for this purpose in the Budget year of 1908.09, and
the sum similarly appropriated for 1909-10 has been increased
to £50,000. The State subsidy amounts to £200 towards the
production of the tractor and £50 per annum towards the cost
of maintenance. It is not quite clear whether the makers
receive the total 'of these two sums, or whether they are
awarded the former on the fulfilment of certain conditions,
thus leaving the annual grant for the benefit of the pur-
chasers of the lorries, but it is highly probably that the
allocations are divided in the latter manner, and thus assist
both the manufacturer and the users. As a result of the
trials of heavy motor vehicles which took place in 1908, sub-

sidies were granted to 11 engineering firms as makars.‘

nection with agriculture, 7 were used by motor vehicle work-
ing companies, 6 by brickyards, and 5 by mining undertakings,
whilst the remainder were distributed over a large number of
industries.

The military authorities, after the trials which took place
in 1908, decided to make further experiments this year under
more exacting conditions and extending over many days. A
route comprising a round trip between Berlin and Btuttgart,
of a total distance of 1458 miles, was mapped out for trials
under war conditions, and the tests took place between April
26th and May 21st, in conjunction with the international
competition organised by the Imperial Automobile Club and
the Association of Motor Vehicle Manufacturers. The coin-
cidence of the two events proved to be an unsatisfactory
arrangement, and it is improbable that a repetition will occur
in the future, whilst the early period of the year chosen for
the trials was also unfortunate, owing to the fact that the
principal works of repairs to the roads were in progress, as 1s
customary at the season, and this was not without influence
upon the running of the vehicles.

The trials, which were extended over a considerably longer
period than in the case of the preceding so-called subsidy
experiments, lasted 27 days, of which 20 days were occupied
in travelling, and 17 heavy vehicles participated and were
snbmitted by the firms of Argus, Bussing, Eisenach, Nacke,
Lloyd, Gaggenau, Soest, Daimler, Durkopp, Ehrhardt, Mulag,
and the Norddeutsche Automobile Gesellschaft. Ofthesetwelve
firms, those of Argus, Ehrhardt and Soest had not previously
become entitled vo subsidies, and the entrance of their vehicles

' was intended to qualify for this position, whilst the other

nine firms sought to test on a long endurance trial the results
of the improvements which they had introduced. The trials
were conducted and supervised by the military motor car
division, as represented by 5 officers, 6 non-commissioned
officers and 62 men, and the personnel placed at disposal by
the makers accommodated themselves to the military require-
ments.

The route of 1458 miles was formed partly of level road,
partly hilly and partly of a mountainous character with long
and heavy gradients up to 13 per cent., and the varying con-
ditions of the road surface placed considerable demands both on
the vehicles and the drivers. Notwithstanding these matters,
and with the exception of the Soest tractor—which was
withdrawn by the firm on the first day of the outward
journey—all the vehicles returned to Berlin at the proper
time on May 21st. The departures were made every day at
6 a.m., and the arrivals always took place before darkness set
in. A pauseof from one to two hours was made at mid-day,
and the work of replenishing fuel and attention to engines
and vehicles had to be completed in one hour, soldiers ren-
dering assistance to the representatives of the makers. The
control of the fuel consumption in the case of each tractor

' was exerciged by the officers appointed for the purpose.

The vehicles were divided into two columns for the pur-

and the number of tractors concerned was 158, of which 88 | pose of securing better supervision,.the intervening distance

were in

the possession of breweries, 8 were employed in con- | being 1kilom., whilst a distance of from 33ft. to G6ft. was
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to be arranged between the vehicles. It was, however, found
necessary to alter this arrangement on certain days, partiou-
larly from Frankfort-on-the-Main, in consequence of the
raising of a large amount of dust, and the intervals between
the tractors had to be increasea to 660ft. and over. In addi-
tion to this, the authorities had largely—as, for instance, in
the Bavarian Palatinate—prescribed longer distances between
the vehicles, and this naturally extended the length of the
column. The whole distance of 1458 miles was accomplished,
including the mid-day stops, in 218 hours’ travelling, or at
the average rate of about 6 7 miles an hour. This low rate
might be surprising, having regard to the fact that the
average speed in the earlier trials was considerably greater,
but it is largely explained by the condition of the roads and
the regulations made by the authorities, specially in connee-
tion with the international competition organised by the
Ilmperial Automobile Club, as already mentioned. The daily
stages were calculated at 72 miles, although longer distances
were travelled on certain days; and the greatest distance was
accomplished on the fifteenth day between Stuttgart and
Tauberbischofsheim, which is 86 miles. The following table,
which is taken from the Kolnische Zeitung, gives particulars
of the tractors engaged in the trials :—

e 8 w
; n | ;'.: = E' E— :-E
58 | 23| =8 EESa
.E% Eﬂl-' EE | =S 0 1el, E ETEE
=% [A5 | BS | =88
| E=| =| "= 8 =
- S -
” -
Argus. . 800 30 4076 | Light benzine 503
Bussing T s B0 | 7’8 4255 Benzol —
Daimler ... .. .. ..l 800 a0 4050 - 217
Daimler I1. | 800 | 35 ‘ 4060 | % 2
Durkoj p L 820 38 4303 7 323
Durkopp 11, 800 38 4480 & | 311
Ehrhard® 1. 850 36 4100 . SobH
Ehrhardt 11. . .. 850 | 3 | 4v0 " T
Eisenach . = -« FOD | 35 | 4350 “ 317
Mulag L. 700 | 35 3980 | Heavy benzine 540
Mulag 1L .. 750 | 35 | 3980 vz 356
Neoke:. .. ... a2 850 | 37 1346 Benzol 07
Norddeutsche Auntomo-
B .. oo el s 850 30 qz00 307
Nerddeutsche Automo- ‘
bile 11. 850 40 4200 - 281
Lloyd .. 800 | 35 | 4443 ‘ Light benzine | 377
Soest .. 800 | 3 — = -2
Gaggenau _, | 850 o0 45314 | Heavy benzine 249

It is necessary to explain that the Bussing tractor, of which
no particulars are given respecting the fuel consumption,
was only driven to Stuttgart, as the vehicle had been sold to
the Hanover brick works, and had to be delivered ; and that
the name Mulag is an abbreviation of Motoren und Last-
wagen Actien Gesellschaft, of Aix-la-Chapelle. The width of
the tractors between the outside wheels ranged from 5ft. to
5.9ft., the military authorities having specified that the
width should not exceed 6.56ft. The use of benzol and
benzine as fuel is a result of the endeavours made by the
military authorities to promote the use of native products so
as to render the country more independent of imports from
abroad, and by the end of the present year they will have
about 300 heavy vehicles at disposal as a consequence of the
increased subsidy granted in the current financial year,

ORE PROCESS AT THE OPEN-HEARTH PLANT
OF THE DNEPROVSKY WORKS, SOUTH

RUSSIA.
By M. PAVLOFF.

MUCH attention has been paid, in technical literature, to
the ore process as conducted at the Yurievsky Works, Bouth
Russia, the records of some consecutive heats made in the
Yurievsky open-hearth furnaces being described in German
by R. Genzmer, C. Dichmann, and T. Naske, whose articles
have been reproduced in many French ard English journals.

Trusting that the results obtained at the Dneprovsky Iron
and S:eel Works, where the ore process is practiced on a large
scale, will also be of interest, the author presents the follow-
ing table, to which it will be sufficient to add a short
explanation.

Results of Operation of the Open hearth Furnace No. 6, Dneprovsky
fron and Steel Works, Russia, Aprid, 1909,

—

E % = - A 1
E3t.] 2 | 25 |o=E (8=
= = 25 =5 i -
E-ba VE |Ted | B w
578 2 | gx [EFe |~5E
=Tl e [« T8 - G
1 o
Number of h;r,a made _ . | 100 20 5.63 - A
Charged— Tons, | Tons. | Tons. | Tons. | Tons,
Moltsn fron .. .. .. 182 22 1 76644 | 139.00 | 91.47 | 92.07
Solid iron o +» ss s« 1DA55] 2081 3. 2.49 2.51
Steel scrap .. .. .. . | 239.10 | 47 .82 ‘ 8.67 5.7 5.74
Additions (ferro-mangan.). .| 13.76 2. 75 I 0.5) 0.33 0,33
Total metal charged 4189.63 | 837,92 | 151.9 | 100.00 | 100.65
Us d—
Ore at6.30 | 175.28 | 31.79| 2092 | 21.07
Dolomite . 205.99 | 40.79 7.40 4.87 4.90
Limestone 432 2| P6.52| 16,69 | 10.55 | 10.39
(Coal . 824.47 | 164.89 | 29.90 19.68 | 19.81
Received—
Steel in good ingots .. .. 4162.73 | 832.556 | 151.00 | 99.36 | 10'.00
Steel in scrap 135.04 | 27.20 4.93 5.25 3.27
Total steel received. . .| 298,77 | 859.75 | 155.93 | 102.61 | 103.27

The iron, taken in a molten state from the mixer, is pro-
duced by smelting red hematites of Krivoi Rog with small
proportions of mill cinder, open-hearth and Bessemer slag,
and has the following composition :—Carbon about 8°7b per
cent. : silicon from 07 per cent, to 1'8 per cent., and on an
average per month, 1°35 per cent. ; manganese from 1'2 per
cent. to 2'1 per cent., and 1’82 on an average; sulphur
about 0'05 per cent., and phosphorus ranges between 0°40
per cent. and 0°15 per cent. _

A very rich portion of Krivoi Rog hematites, used in a
lumpy state as an oxidising agent, contains 3 per cent, of
gilica, 1'0 per cent, of alumina, and about 93 per cent. of iron
oxide—that is, 65 per cent of Fe ; other constituents may be
found in negligible quantities.

The shed for the basic open-hearth furnaces in which the
process is conducted is represented in datail by side elevation
and three sections on the tables 46 and 47 of the author’s album
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of open-hearth furnaces ; but it must be mentioned here that
the roof—to prevent the rapid corrosion during the boiling—
at the present is placed higher, the distance between the
bottom and roof being made Sft. 3in. .

Three furnaces, working with ore process and having the
bed surface 30ft. 2in. by 10ft., may be rated as 32-ton ones ;
but they run with metallic charges of from 404 to 43 tons.

In spite of the deep metal bath thus obtained, the average
duration of one heat was, in April, 6 h, 30 min., t.h:u_lks to
the powerful oxidation performed by the ore. Thirty minutes
were needed for the bed repairing, 34 min. for charging solid
iron and scrap, 63 min. for charging molten iron by three
ladles, thus leaving 4 h. 20 min. for the smelting and boiling
periods.

The fuel consumption, shown in the above table, may be
called low, taking into consideration the quality of coal used ;
the latter often contains 12 per cent. of ash and 6 per cent.
of moisture.

The amount of a single addition used—that is, ferro-
manganese—was also small, thanks to the high percentage of
manganese in the iron treated.

As to the amount of scrap produced, it appears to be some-
what large, but its quantity is explained by the fact that a
very large number of ingots must be poured from one heat,
because each ingot, being of G4in. by G4in. in section, weighs
only 325 1b.

In conclusion, it may be added that about 80 per cent. of
iron introduced into the bath by the ore is reduced by the
open-hearth process as conducted at the Dneprovsky Works.

84-INCH CENTRE SCREW-CUTTING LATHE.

THIS lathe, illustrated above, has been designed by
its makers, the Colchester Lathe Company, to obtain
a maximum amount of power at all spindle speeds.
The headstock is fitted with a three-speed cone to take
a 34in. belt; the largest size step is 18in. diameter and
the smallest 14§in, The spindle, which has a 2fin. hole
right through it, runs in adjustable parallel phosphor
bronze bearings, the thrust being taken by a ball bear-
ing against the rear housing. All the wheels are enclosed in
guards. The reverse motion is fitted inside the headstock, and
is arranged to be worked by a small lever, thus rendering it
unnecessary to use a locking nut. Two back gears are pro- |
vided, the ratio being 3.3 to 1 and 10 85 to 1. Countershaft
specds are 370 and 205, which give the following spindle

Epﬂﬁdﬂ “y
451 570 303 25 275 167
157 113 94 76 62 ol
42 34 28 23 19 15.5

The special features claimed for this lathe as being those by
which its great cutting powera are obtained are as follows :—
First, the size of cone, viz., 14§in., 16{in., and 18in. diameter
for 34in. belt, Attention is called to tbe fact that if, say,
a cutting speed of 7Oft. per minute is required the back gear
giving a reduction of 3.3 is used from 24in. diameter up to
5in. diameter inclusive, and the 10 85 reduction from 5
upwards. Secondly, the loose headstock is very massive and is
held down by two bolts. The spindle is ground, and the centre
is adjustable sideways for taper turning. Thirdly, the bed is of
strong box section and has square edges. The standards of
the bed form change wheel and tool cabinets, each wheel
having its own place and being easily accessible. Fourthly,
the eaddle has a long bearing surface. Fifthly, all the gear-
ing in the apron is carried on double bearings, the rack
pinion being cut from the solid and supported underneath
the rack. Bixthly, that the feeds are positive and fool-proof ;
and lastly, that no friction clutches are used, and the screw-
cutting, sliding, and surfacing motions can only be used
singly. The gear-box gives three rates of feed—8, 16, and 32
cuts per inch. The leading screw is 4in. pitch. The follow-
ing are the principal particulars of the tool :—Bed, 164in.
wide by 124in. deep ; frontspindle bearing, 5in.diameter by 7in.
long ; the speed cone, 18in., 16§in., 14}in. diameter for 34in.
belt, ratio of gearing 3.3 to 1 and 10.85 to 1, will swing over
saddle 12in. diameter; admits between centres with 8{t. bed,
3ft.; approximate weight with Sft. bed, 50 ewt. The latheis
supplied with catch plate, face-plate, stationary stay, and
travelling stays ; 22 change wheels, spaoners, trough, pump,
and piping. This latter is part of the design, and is made |
telescopic. !

LITERATURE.

BHORT NOTICES.

Electrical Installations, By Rankin Kennedy. London :
Caxton Publishing Company, Limited, Clun House, Surrey -
street, Strand, W.C. A new edition, revised and enlarged,
in five volumes. Price Ts. 6d. net per volume.—The appear-
ance of this new and revised edition clearly indicates that the
work is in demand among a certain seotion interested in
electrical engineering. Students, amateurs, and others
desirous of knowing just a little about practically everything
met with in the various branches of the electrical profession,
and who do not wish to be troubled with much theory, will
find that the work suits them admirably. To those, how-
ever, who find it necessary to deal with things quantitatively,
the work does not so much appeal. The highly coloured illus-
trations, the cardboard models of machines and apparatus
which are to be found in the front of each book, coupled with
tho absence of mathematics, all serve to make the volumes
attractive to young readers, and should at least stimulate a
desire ior more thorough and advanced knowledge. Many
new illustrations have been included in this second edition,
and, on the whole, the work is fairly well up to date, although
too much attention and space is devoted to antiquated
designs. The author would have done much better had he
deleted a great portion of the historical matter and used the
space for more fully describing the machines and apparatus
now in use,

Sanitation and Sanitary Engineering. By W.P. Gerhard.
New York: Published by the author.—The author of the
present volume does not state for what class of readers he
intends his book, nor does a perusal of it help one to arrive
at a decision in the matter. It is difficult to say whether he
means it to be a popular account of the work of the sanitary
engineer, or a more or less scientific treatise on the subject.
If the former be the correct view, we cannot refrain from
expressing the opinion that he has under.estimated the
intelligence of his readers ; if the latter, then the book can-
not be recommended as authoritative. Dealing first with
the profession and practice of sanitary engineering, he

| catalogues a list of such operations as are to be seen daily in

the streets of any large town, and dismisses them without
any remark of importance. The work of the sanitary engi-
neer in time of epidemics, war, and sudden calamities is
discussed in the second chapter, a history of sanitation from
1850 to 1900 in the third—which is, perhaps, the most
valuable part of the book—an account of the sanitation of
Greater New York is given in the fourth, while the fifth is a
translation of an article on the corresponding conditions in
Russia, the author bring indebted for this to a German
medical journal of 1806.

Principles of Reinforced Concrete Construction. By F, E,
Turneaure ana E. R. Maurer. New York: John Wiley and
Sons. Price 15s. net.—This book, which is a second and
considerably enlarged edition, treats of the principles of
mechanics underlying the design of reinforced concrete, and
in the earlier chapters the results of many experiments are
given which will assistin the establishment of coefficients and
working stresses. While in the first five ch pters the more
or less theoretical side of the subject is dealt with, the sixth
consists of a convenient collection of formuli and diagrams,
which will prove of great value as a source of reference to
designers. The remaining chapters, five in number, treat of
the use of the material in various structures, such as arches,
retaining walls, chimneys, &c. Some typical examples of
the types of structures discussed are given, and throughout
the book numerous clear diagrams and sketches are inserted.

Elementary Mechanics of Solids and Fluids. By A. C.
Jones and C. H. Blomfield. London: Edward Arnold.
Price 4s. 6d.—The importance of a thorough understanding
of the more elementary parts of dynamics and hydrostatics at
the very outset of an engineer's career is now too well recog-
nised to need emphasising. In the present volume there will
be found a satisfactory treatment of the subjeots, and it
should prove of use to many classes of readers—first-year
students, and to workmen whose duty brings them into
touch with, and necessitates a knowledge of, some of the
fundamental results of physical science, in particular. An
elementary knowledge of mathematics is assumed as already
among the acquirements of the student, but it will be found
that the authors have treated their subject with discernment,
and laid stress on those parts which experience has shown are
likely to cause especial difficulty to the beginner,
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RAILWAY MATTERS.

Tee Canadian Railway Commission has issued an
order compelling every railway in Canada to have the whole of
its right-of-way properly fenced in by Januvary lst, 1911. The
order states that the fence must be of a minimum eight of 4ft. Gin..
and gates must be provided at every farm crossing. At every
level highway crossing there must be adequate cattle guards. The
width of approaches to level crossings must be 20ft. on concession
and main roads and 16ft. on side ard bush roads,

AccorpinG to the Railway Twmes, the Great Eastern
Railway Company will close to passengers. on and after October 1st
next, the Churchbury, Forty Hill, and Theobald’s Park stations
on the Uhmhpnt branch of the system, owing to the competition
of the electric tramway cars. The district will continue to be
served by the adjacent stations on the Enfisld Town and
Cambridge main lines, namely, Lower Edmonton, Bush Hill Park,
Enfisld Town, Ponder's End, Brimsdown. Enfield Loeck, Waltham
Cross, and Cheshunt, ¢

Tae Mexico North-Western Railway Company has
acquired the Rio (irande Sierra Madre and Pacific Railroad.
extending from El Paso Terrazas, 160 miles. By constructing
about 160 miles of line to effect a connection hetween the Sierra
Madre and Pam@c and the Chihuahua and Pacific, which were
purchased some time since, the Mexico North-Western will get an
outlet for its timber through Chihuahua on the Mexican Clentral,
as well as through El Paso, Tex., on its own line. The manage-
ment, it 1s said, proposes to build this connection next year.

Tue Nachrichten fiir Handel und Industrie (Berlin) of
July 31st announces, on the authority of the German Consul in
Valparaiso, that the concession for the construction and working
of a railway from the Bay of Camarones to the Bolivian frontier,
which was J:nravinuslj- granted to Salvador Izquierdo, Ramiro
~Sanches, and Rodolfo Rothstein, and afterwards withdrawn, has
now been transferred to the Comunidad Chileays y Ferrocarril de
Camarones. It appears also that the ssme company has applied
to the Bolivian Government for a concession in respect of a railway
from Chileaya to Oruro.

Tar circular railway which serves some portions of
Berlin and its suburbs was the scene of a curious accident on Thurs-
day, August 19th, An iron tower on the premises of the Imperial
Gas Company at Schoneberg, which are skirted by the line, col-
lapsed shortly before midday, just as a train was passing by, The
tower was about 280ft. high, and was intended for the storage of
material for a new gasometer. The fragments in their fall
wrecked the last compartment of the passing train. One person
was severely injured, while four others were +lightly hurt. Traffic
on the railway line was subsequently restored.

THERE bas recently been considerable activity in the
building of inter-urban lines in Mexico, and it has been announced
that an American syndicate is planning a new line from the city
of Guaymas to the suburban towns of Aurora, San Jose, De
Lrnaymas, and Empalme. This road will be about 16 miles long.
There is also a Canadian syndicate in the field, and it is planning
a line between Mexico City and Puebla. The proposed line runs
between the two volcanoes, Popocatepetl and Ixtaccihuatl, and
parts of it will lie above the winter snow line. Power for its
operation will be obtained from the electric plant of the Mexican
Light and Power Company al Necaxa.

Tae Western Railways of France have obtained

authority from the Government to electrify their lines. A
beginning is to be made with the lines which run from the St.
Lazare Station in Paris to Argenteunil and Saint-Germnin-en-Laye.
Special tracks will be laid, so that the service can be effected with-
out any interference with the steam-driven trains. Sub-stations
will be erected which will supply continuous current at 600 volts,
It 1s anticipated that from twelve to twenty trains, composed of a
maximum of six double carriages 20 m. lone, can be run per hour.
The permanent way, the equipment of line, &ec., willcost £1,160,000;
the rolling stock and converter stations, £800,000 ; interest on
capital and other expenditure bringing the total amount to
£2,250,000 for the 33.5 kiloms. of the line to be constructed,

Tar £1,230,000 which is to be spent by the Transvaal
Government on railways will be divided up as follows :—The
Selati line is to be bought for £300,000, and the following new
railways constructed :—An extension of the Pretoria-Pietersburg
Railway from Pietersburg to a point near Bandolier Kop, a distance
of 64 miles, at a cost of £250,000; a railway from Welverdiend
Station to near Lichtenburg, with a westerly extension from a
point near Treurfontein, a distance of 1564 miles, at a cost of
£400,000 ; an extension from Ermelo to Piet Retief, 72 miles long,
at a cost of £255,000 ; a line from Geduld Station, »«1 Benoni, to
a junction with the Germiston-Ermelo Railway at a point
81 miles east of Germiston, distance 13 miles, at a cost of £75,000 ;
a line, being an extension of the Komati-Selati Railway, to a
point near the Great Letaba River, distance 150 miles, at a cost of
£250,000,

AT last, states a consular report, the celebrated circular
raillway round Moscow, which has been in construction for so
many years, and has cost so many millions of roubles, has been
completed and opened. The results, however, have been any-
thing but satisfactory. Firstly, as regards passenger traffic,
owing to the high fares and even more owing to the stations being
often built in the middle of fields without any means of getting to
them, the line has proved a complete failuore. The number of
passengers was absolutely ridiculous, a few dozen per month, and
in the antumn it wasdecided to suspend pascenger traffic. Affairs
are but little better as concerns goods traffic. Owing to the
exceptionally high and unsatisfactory tariff, every merchant who
can possibly manage it avoids using the line for transporting his
wares. In a word, the line has in no way fulfilled the expectations
of the Government, which financed the undertaking. Seeing that
affairs are in a hopeless state, the Government are going to revise
the tariff, when possibly the line may begin to exercise the
inflnence hoped for by the constructors.

A merorrt presented to the Board of Trade upon the
accidents which occurred on railways in the Upited Kingdom
during the year 1908 shows that during the year 1043 persons were
killed and 7984 injured by accidents due to the running of trains
or the movement of railway vehicles, the average figures for the
previous ten years being 1155 killed and 7036 injured. During the
year no passengers lost their lives in accidents to trains in which
they were travelling, and the number injured—283—is very low
compared with previous years. The average numbers for the past
ten years have been 21 killed and 626 injured. So far as the
records extends, there has only been one previous year, 1801, in
which no passengers were killed in train accidents. In the class
of accidents caused by the movement of trains and railway vehicles
exclusive of train accidents, 102 passengers were killed and 2212
injured, the corresponding averages for the ten years previous
being 120 killed and 1784 injured. The casualties to passengers
in this class largely arise from the carelessness of the passengers
themselves. Of servants of railway companies and contractors,
376 were killed aod 5976 injured. In this class of accidents the
number killed shows a large decrease compared with the average
for the previous ten years. In addition toaccidents caused by the
running of trains lmg' the movement of railway vebicles, a large
number of accidents unconnected with railway working occurred
on railway premises. Accidents of this kind accounted for the
death of 856 persons and injury to 20,501. The bulk of these
acciderits were due to misadventure, and comparatively few could

be attributed to preventable causes,

NOTES AND MEMORANDA.

ACCoRDING to a parliamentary return of last Tuesday,
the number of applications received from all countries for British
patents from January 1st to July 31st last totalled 17,869, com-
pared with 16,303 in the corresponding period of last year. Of
the n;lmhnntmns received during the first seven months of this
year, 1735 were from Germany, 1579 from the United States, 560
from France, 192 from Austria-Hungary, and 118 from Canada.

Tur loftiest chimney in the world, states the Scientific
American, was recently put into service at the large smelting
works at Great Falls, Mont., where it will serve to carry off the
gases from the mreater part of the large plant. The chimney,
which is built of brick, is said to be 506ft. in height above the
ground. The flue includes a dust chamber in which vertically-
hung wires serve to take out the dust from the smoke. The dust
is removed from the wires by shaking mechanism and falls in

t:lppora in the floor, from which it is loaded into cars in a pit
oW,

~ IN a printed reply to a 1uast-inn addressed to the Pre-
sident of the Board of Trade by Mr. Tyson Wilson, Mr, Tennant
gives the value of the machinery imported into and exported from
the United Kingdom during the years 1906, 1907, and 1908. The
fnhlas thnw that the total imports in 1906 amounted to £5,126,972 ;
in 1907 to £5311,681 ; and in 1908 to £4,552,904." Deducting
re-exports, the net imports in the three years were £3 663,732,
43,878,911, and £3,452,361. Against these figures were to he set
the total exports of machinery manufactured in the United King-
dom. which in 1906 amounted to £25,440,481 ; in 1907 to
£:34,203,955 ; and in 1908 to £33,594,796.

Tae British Consul at Stockholm, Mr. M. Villiers, in

his annual report for 1908, says that it is now claimed that a com-
mercially economical method of smelting iron ore by electricity
1S now in operation in Sweden, by whikh it is hoped that with the
aid of the vast water power of the country its enormous mineral
deposits of ore may be smelted without the importation of so
much coal or such a consumption of charcoal. The cost of pro-
ducing a ton of pig iron in this electric furnace is estimated to be
about £1 12s, In addition, the life of the furnace will, it is
atipa-d, be considerably longer than that of a blast furnace. It is
n]nu]'qted that the product of the electric furnace is of excellent
quality,

TaEe introduction of labour-saving machinery on the
farm has been one of the principal features of the modern revolu-
tion in agriculture, and has been rendered necessary by the diffi-
culty of getting sufficient help. Few contrivances are more
interesting than the milking machine. A lengthy test has been
made at the Wisconsin Agricultural Experiment Station, and is
recorded in Balletin No. 173. The machine worked more qrickly
and more uhuaf)]e_-,r than a man ; it yielded a cleaner milk, which
therefore kept better, and, finally, was shown to have no injuriouns
effect on the udders or the general health of the animals. The
machine, of course, requires proper attention and careful working
to get the best results, but proved decidedly economical in herds
of thirty cows or more. There are already signs that the agricul-
tural labourer of the next generation will be, in the main, an
engineer.

A 301N. cast iron water main laid on a timber trestle
in Devereaux-street, Philadeiphia, was lowered last autumn to low
concrete piers by the Bureau of Water, in connection with the
grading of the street. The section lowered had a total length of
ahout 1100ft., and the trestle was 27ft. high. The supply was shut
off and the pipe cut into two sections, each approximately 550ft.
long, so that the work was done in two successive operations, The
trestle was of a aimn?la two-post type, the bents being cross-braced
and naving diagonal bracing running longitudinally from bent to
bent. A gallows frame was erected on top of each bent over the
first half of the pipe to be lowered, and was fitted with a screw
long enough to reach to the final resting place of the pipe. The
screw was held by a nut, bearing on the top of the gallows frame,
and having two handles. The lower end of the screw was attached
to a strap passing under the pipe. Two men were placed at each
screw, and the entire 550ft. of pipe lowered simultaneously.

A sMART piece of work was recently carried out by the
Knowles Oxygen Company, Limited, Walsall-street, Wolver-
hampton, at Pearson’s Furnaces, Netherton, where, owing to an
accident, the crank shaft of a large vertical blowing engine had
broken. Amongst other damage the piston-rod had been bent
in such a manner that it seemed impossible to remove it from the
cylinder. However, the Knowies Oxygen Company, by means of
an oxy-hydrogen blow-pipe, cut off the piston-rod, which was
about 7in. in diameter, close to the gland of the cylinder. The
work was one of particular difficulty, because the cut had to be
made cverhead, close under the large cylinder cover, and at a
considerable height from the ground, with the result that the
burning metal, while the work was being done, showered down on
the men and their wooden staging, and made it im ihle for the
shaft to be cut through at one operation. In spite of this, and
that it was, we understand, the first attempt of the kind the men
had ever made, the work only occupied thirty-five minutes from
start to finish.

It is frequently useful to have at hand approximate
figures for the relative space occupied by the different depart-
ments of an engineering works. In a recent paper before the
Glasgow Technical College Scientific Society Messrs, G. H. Gibson
and A. Home-Morton give the following apportionment of covered
area :—Pattern shop, 4 per cent.; foundry, 25 per cent.; machine
shop, 35 per cent.; erecting and fitting shop, 20 per cent.; testing

shop, § per cent.; stores and tool-room, 11 per cent. We presume
that the figure for the patterun shop does not include pattern
stores. The same gentlemen have analysed the cost records of a

number of engineering and other factories, and find the average
distribution of cost to be :—Labour, 37 per cent.; material, 52 per
cent.; power, 3 per cent.; and other costs, 8 per cent. As might
be anticipated, considerable variations from the average were
found. It will be noted how small the cost of power is, and it is
unfortunate that manufacturers by their policy of secrecy make it
impossible for most factory costs to be discussed in a logical
manner. If such discussions were usual considerable economies
would certainly be effected, to the advantage of everybody.

AN invention which, after expert testing, has been
ronounced a valuable addition to the means of combatiog
ga.otarial disease, is reported from Chemnitz. It is a highly
lustrous paint, applied to all surfaces in the ordinary way, with a
basis of white lead or zinc white. Its chief value is for disinfect-
ing, and it is prepared and sold more specifically for use in rooms,
&c¢ where it is desired to combat pathogenic germs. German
Officials have made exhaustive tests of the germicidal properties
of *‘vitralin " under varying conditions, The results may be
briefly summarised as follows : —When in contact with the vitralin
coating the baecilli of tuberculosis (as found in saliva) are com-
letely destroyed in three days. Diphtheria baci'li require five
ours, typhoid bacilli eight hours, and those of pus from six to
thirteen hours. No lethal effect could be observed upon the
spores of anthrax, even when the contact lasted thirty days,
nll)t‘;)huugh a distinctly retarding influence upon the development of
the spores was noticed. Control experiments carried on simul-
taneously with surfaces covered with ordinary oil colours, white-
wash, &ec., showed either no germicidal power or a much less
degree of efficacy. Direct sunlight renders the lethal action much
more rapid than does diffused daylight.  The investigator
came to the conclusion that the specific disinfectant property of
vitralin results from the oxidation of the linseed oil, which forms
an important constituent of this paint.

' has already been installed in Johannesburg to enable m

MISCELLANEA.

Exerceric efforts are being made in Logrono to bring
to a successful issue the proposed extensive scheme for the con-
struction of the ‘' Victoria and Alfonso™ dam works in Lodosa.
The cost is estimated at 9,863,000 pesetas (about £352,250), and
the work will involve the irrigation of an area covering about
74,000 acres, which will benefit five districts in the province of
Logroiio, eight in Navarre, and twelve in Saragossa.

A series of comparative tests on the case-hardening
wer of varions gases, the results of which were communicated
y Olsen and Weiffenback at the recent Brooklyn meeting of the
American Institute of Chemical Engineers, have shown that the
case-hardening effect of carbon monoxide is greater than that of
acetylene or methane. It is stated that the carbon monoxide
process has been applied to commercial case-hardening, and that
a patent covering it has recently been taken out in France.

THE new airship school which is being constructed at
Friedrichshafen is nearing completion, and will be opened in
October. The majority of the pupils there will be young cadets,
who are obliged to bind themselves for a course of instruction for
two years. Provision is also being made, however, for the instrue-
tion of senior officers, naval men, and military engineers. The
Government's subsidy has been supplemented by the generosity of
well-known industrial firms, and Count Zeppelin will present the
school with a balloon, and steam launches, as well as motor cars,
are to be used for following the flights of airships.

A serrous high-tension accident occurred on Wednes-
day of last week at Olginate, a small village on the river Adda,
near lLake Como, This place is supplied by overhead wires with
electric current at 3000 volts from a water-power station in the
neighbourhood. It ap that during a thunderstorm one of
the overhead high-tension wires fell, and came into contact with
the low-tension distributing mains, which are also carried over-
bead. The result was that the house fittings were all charged to
the higher potential, and many persons were injured while
attempting to switch off the current. It is said that twelve
people were killed, and nearly thirty badly injured. There was
considerable panic, which was increased by the fact that the lights
were all extinguished.

As already announced, the Cunard Company has deter-
mined to make Fishguard a port of call for passengers and mails,
The service will be started by the Mauretania, now on her way
across the Atlantic, and she is expected to arrive on Monday
morning next. The Great Western Railway Company is using
every endeavour to make the new arrangement a success, and it is
thought highly probable that a service of special trains will be run
direct from Fishguard to Dover for the convenience of passengers
travelling direct to the Continent. An experimental train
will meet the first boat. At first, at any rato, the liners will not
come alongside the quay at Fishguard; buot the mails and
passengers will be removed by tender. The vesseis will then

proceed to Liverpool.

Some interesting experiments are being conducted by
the South Park Commissioners of Chicago in the lighting of the
boulevards under their control. Several different types of lam
have been installed on temporary posts in order that the
comparative illuminating effect may be observed and a deter-
mination made of how high the lamps should be hung and how
far a and similar considerations. The lamps under test or
about to be tested include incandescent lamps, enclosed arcs,
magnetite arcs, flaming arcs, and inmnszﬂunt tungsten lamps.
The commissioners hope to obtain valuable data, both as regards
illumination and economy, from these trials, the latter being an
important factor, as it is estimated that 1,000,000 kilowatt hours
per annum will be required for the lighting of Grant Park alone.

RecenNTLY the Lords Commissioners of the Admiralty
had under their consideration the question of the emoluments of
officers of the Royal Marines appointed to the charge of wireless
telegraphy stations, and, as a consequence, they came to the con-
clusion that the extra responsibility imposed upon these officers
merited additional remuneration., The final result is that his
Majesty, by an Order in Council, has just sanctioned the grant of
an allowance of two shillings and sitpence a day to officers of the
Royal Marines when appointed to the charge of wireless telegraphy
stations, In addition, there is to be a further allowance of one
shilling a day in lieu of a servant to these officers while they are
employed on telegraphic duty. The new allowances are to take
effect as from November 14th, 1908, and they are to be in addition
to the full pay of the officers employed.

IT has been decided, after an experiment extending
over two years in the Place de la République, one of the busiest
squares in Paris, to adopt the method for the laying of wood pave-
ment which has been thus tested, along the entire length of the
Rue de Rivoli. The process in question, which is the invention of
M. Managnan, consists in a preliminary treatment of the wood
blocks to give them the qualities of suppleness and strength. The
wood is heated to a temperature of 50 deg. Cent. in a special bath,
containing alkaline, carbonates, and wood tar. By this treatment
it loses 20 per cent, of water and 10 per cent. of solid matters of
various kinds, and there remains a timber, the density of which
has been increased by 40 or 50 per cent. The new material
prepared in this way avoids the necessity of repairs for two years
at least, which, in Paris, entail a cost of not less than 1s. 3d, per
square metre annually,

IT is reported that the Transvaal Government have

extensive improvements in hand with the telegraph and telephone
services all over the colony, which will make it one of the best
equipped in the world. It is suggested to link up every town, and
main trunk linesare to be carried to every point where the railway
lines cross the border, with a view to their ultimate extension to
the coast ports when the other colonies are ready. It is regarded
as certain that the Union Government will find telephonic com-
munication between Cape Town und Pretoria absolutely essential.
The scheme contemplates connections with farmhouses as well as
the establishment of call offices at convenient centres. It is esti-
mated that the coast extensions will cost £250,000, A concentrator
€8
between minor offices to pass direct to their destination, withont
any necessity for taking off and re transmission at central stations
as heretofore,

THe text was 1ssued last Tuesday of the Bill presented
by Mr. M'Kenna to make better provision respecting naval
establishments in British ions. The memorandum of the
measure states that the Colonial Fortifications Act, 1877,
authorised the transfer by Order in Council to the Governor of a
colony of ‘‘any fortifications, works, buildings, or land in the
colony held in trust for the defence of that colony.” Provisional
nrr::gamuntu have been made with Canada for the transfer to the
Canadian Government of the naval establishments at Halifax and
Eugﬂlimalt, but these arrangements cannot be carried into effect
without legislative sanction, the naval establishments not being
works ‘‘ held in trust for the defence of the colony.” The present
Bill proposes to give the nec legislative sanction to these
arrangements, and to any pro of a similar nature which
may be made in the future. The transfer can be made upon such
conditions and subject to such reservations as may be specified in
the Order in Council, and, consequently, there is full power to
make it a condition that the establishments shall be kept in a
state of efficiency, and that the right of user for his Majesty's
navy shcoudd be preserved,
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Aeroplane Development In France.

ONE of the reasons for the success of the French
in following up new lines of research is probably
to be found in the fact that they often allow them-
selves to be influenced by imagination rather than

| by the practical aspect of the problems they are

trying to solve. In some cases data are so enfirely
lacking, that it is impossible to reduce the problem
to a scientific basis before undertaking a vast
amount of experimental work. In other words, the
experimenter has to take the materials he has in
hand and " worry through "’ with them until he has
evolved his machine in something like a practical
form. It was so in the case of the motor car,
which at first was so crude as to excite the ridicule
of everyone not possessing the saving grace of
imagination. Apparently the same influence is at
work in the evolution of the aeroplane, which is
arousing so much interest on the other side of the
Channel. The meeting at Rheims this week is a
case in point. Capital to an almost unlimited
extent has been raised to make this ancient city a
centre of the aeronautical movement, and while, of
course, the science of aeronautics would not be given
this support unless there was some hope of corre-
sponding business advantages, it must be admitted
that the risks of failure are so great as to make
this expenditure something more than an invest-
ment. Many towns and centres are trying to
identify themselves in the same way with aero-
naubics, and are offering encouragement that has
probablynever been accorded to any other movement.

Seeing that makers of aeroplanes are still working
more or less in the dark, it may be interesting to
deal briefly with the ideas which are influencing our
French friends in evolving a satisfactory type of
flying machine. These ideas have always been
entirely cpposed to those of the American school,
in the sense that speed is considered an essential
factor in mechanical flight. By the application of
the cellular principle Voisin and other makers, and,
to a less extent, the Wrights, have sought to obtain
an automatic stability with relatively low engine
powers, thereby allowing of the use of more trust-
worthy engines; butit is toberemarked that, following
the example of the Wrights, the French makers of
bi-planes have been modifying their apparatus, and
rely more upon stability by bending the planes, and
are employing higher powered engines. For the
moment nothing practical has been done in the way
of designing aeroplanes which will preserve their
stability when being driven slowly. According fo
French experimenters, the stability of the aero-
plane, in the present state of the art, must depend
upon the speed at which it is propelled. However
skilful a pilot may be in bending the planes, there is
always a danger of air currents turning over
apparatus designed upon existing principles unless
they are opposed by the speed at which the
machine is travelling. It is argued that with a high
enough velocity the aeroplane can travel in any winds.
Until quite recently the bi-plane had the reputation
of being a relatively slow machine. For this reason
a special impetus was given to the monoplane, which
in France is regarded as essentially a speed apparatus,
and during the past fewmonths it has certainly shown
to advantage. Nevertheless, the whole question
seems to be one of engines and propellers, and in
recent trials there has appeared to be little to choose
between the two types of apparatus, although 1t may
be assumed that as higher speeds are attained the
lower resistance will give an advantage to the
monopolane. It is to be hoped that some of these
points will be elucidated at the Rheims meeting.
Obviously an aeroplane cannot remain stationary in
the air and travel at very low speeds ; and although
interesting experiments have been carried out with
machines of the helicopter type, the difficulties in the

it

way of providing sufficient power to raise the
apparatus are so great that the principle has been
abandoned by experimenters until the science of
aviation has made greater headway. Until this
system can be developed search will still
continue for the aeroplane which will rise from
the ground at as obtuse an angle as possible.
It cannot become practical so long as it is obliged
to run along the ground or be propelled by dropped
weights. This necessitates conditions of surface
for starting that it is not always easy to find.
Some builders of aeroplanes are frying to solve
this problem by varying the inclination of the
propeller so that the pressure may be directed as
much as possible under the planes for lifting. As
research is thus confined to the simple type of
apparatus, which relies for its sustentation upon
gliding as opposed to lifting, the only way of in-
creasing the carrying power of the machine is to
increase its speed. The area cannot be enlarged
unduly without necessitating much higher power,
and with this power the same sustaining force can
be obtained with smaller planes at greater speeds.
M. Soreau has calculated that with its present
surface increased by only 10 per cent. a bi-plane of
the Farman type can carry a ton, including, of
course, the machinery, when travelling at three
times the present speed—that is to say, at from
110 to 125 miles per hour. As, however, the
increase of resistance offered to the aeroplane varies
as the square of the velocity, there is obviously
a critical speed which would prove dangerous to the
existing type of apparatus, and to attain the speeds
necessary for carrying good loads the aeroplane
would need to be of much stronger construction.
Besides the design and the assembling of the planes,
there is also the question of the motor, which at
present offers the greatest difficulty to aeroplane
makers. For the moment they have no alternative
between an imperfect special type of aeroplane
engine and the ordinary petrol motor modified to
meet the special conditions. Under the impression
that a minimum weight was absolutely essential to
success in mechanical flight, builders of special
engines with eight or more cylinders have in some
cases been cutting the weight so fine as seriously to
impair the reliability of the engine. The majority
of troubles with aeroplanes arise from this cause.
Monoplanes are usually fitted with these specially
light engines, and few of them have been able to
remain in the air, except under especially favourable
conditions, for any great length of time. Experi-
menters with bi-planes have for the most part
returned to the ordinary type of petrol engine, and
as this limitation of motive power has necessitated
a great deal of attention being given to the efficiency
of the propeller, the shortcomings of the motor, in
the present stage of aeroplane construction, have
not been without their advantages. The perform-
ances of bi-plane apparatus fitted with such engines
have cerbainly been more consistent. If speeds of
100 miles an hour and more are to be attained it
can only be done with special engines which may
be evolved from some of the types now being built,
and as all the engine builders in France are now
giving attention to specially light and powerful
motors for aviation work, there is every reason for
hoping that considerable progress will be made in
this branch of aeroplane engineering at an early
date.

Although there is undoubtedly a future for the
aeroplane, it is probable that a considerable time
will elapse before it develops into anything like a
practical machine. The remarkable performances
that have been accomplished from time to time are
to be attributed mainly to the patience and courage
of the men who have driven the machines. They
have waited their opportunities when everything
was in their favour, and it is because these oppor-
tunities are so rare that there are so few long-
distance flights. On the first day of the Rheims
meeting only a few succeeded in making flights
between the squalls of rain and wind, some of them
coming to grief mainly through irregularities of the
engine, and it was only when the sun had set, and
the wind died down to a perfect calm, that com-
petitors tried their machines one after the other
until there were eight apparatus in the air at the
same time. On subsequent occasions competitors
were more fortunate, but it was a common observa-
tion that the aeroplane was still the slave of the
wind.

Higher Mathematies and the Engineer.

As long as the battle for existence rages educa-
tion will be a subject of undying interest, and we
need make no apology for a few comments on part
of the address which was delivered on Wednes-
day last at Winnipeg by the President of the
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British Association. Sir J. J. Thomson, as a Cam-
bridge professor, has had unrivalled opportunities
of studying the effects of education upon young
men of all nationalities, and he is able to speak
with authority upon the faults and virtues of our
present system. It must, however, be borne in
mind that he himself has made the great reputation
he enjoys in the fields of pure science, and it is
desirable that all who read his words should be
reminded that between pure science and ordinary
work-a-day engineering a great gulf is fixed, which
1s only now and again traversed by the more gifted
spirits on one side or the other. The pure scientist
1s rarely interested in the financial aspects of the
problems he sets himself to solve; he is frequently
independent of time, and he always comes to his
task fitted with a peculiar mind—a gift of the gods
—and a particular form of training. The work-a-
day scientist, be he engineer, electrician, or
chemist, has to make a living by the production of
articles directly useful to man or by the prosecution
of routine humdrum essential work. He is inter-
ested deeply and intimately in all the very things
that the pure scientist cares nothing about. To
him the financial value of his work is of far greater
interest than its scientific value, and science is very
truly and accurately his handmaid rather than his
goddess. Whereas the pure scientist finds beatitude
in her presence alone, the working scientist bustles
her hither and thither with very little respeect, and
the only assistance he asks from her is that she
will show him the means of making more money
out of his engine, dynamo, waterworks, or what not.
Both men have their sphere of usefulness, and it ill
becomes either to reproach the other with short-
comings. But it is wholly impossible for the two
ever to effect a complete amalgamation in a single
brain, and we are convinced that as a whole better
work is done by the two acting in complementary
capacities to each other than by attempting such a
union.

Sir J. J. Thomson speaks throughout the address
which we are considering of physies, but he no-
where tells us what he wishes to imply by the
term. In many schools and colleges physics mean
sound, light, and heat, but we are certain that the
President of the British Association takes a far
wider view. Apart from the fact that he would of
necessity include all those theories on the constitu-
tion of matter which are collected under the head
of the new physics, he, no doubt, will permit us to
number the practical applications of heat and the
strength of materials upon which nearly the whole
progress of the modern world rests. If we are rightin
regarding his use of the word in this light, then
many of his observations apply as directly to the
engineer as they do to the pure scientist, and whilst
we can only commend many of them—as, for
example, his remarks on the dangers of specialisation
at an earlyage,and thedisadvantages of scholarships,
to the attention of our readers as the opinions of a
man who has had unsurpassed opportunitiesof judging
—one at least of the others we must be permitted
to eriticise. Sir J. J. Thomson writes:—  Again
the specialisation prevalent in sechools often prevents
students of science from acquiring sufficient know-
ledge of mathematics. It is true that most of those
who study physics do some mathematics, but I hold
that, in general, they do not do enough, and that
they are not as efficient physicists as they would be
if they had a wider knowledge of that subject.
There seems at present a tendency in some quarters
to discourage the use of mathematiecs in physics.
Indeed, one might infer, from the statements of some
writers in quasi-scientific journals, that ignorance
of mathematics is almost a virtue.” If we are to
take this as a blow directed at the many thousands
of engineers who do not consider a very advanced
mathematical training necessary to welfare in their
profession, then we say that its force depends
entirely upon the point of view. For scientific
engineering a profound knowledge of mathematics
is necessary; for ordinary engineering, and for
what Sir J. J. Thomson would no doubt call quasi-
scientific engineering advanced mathematics are
not only wholly ubnnecessary, but they are apt
to become an actual danger. Nearly all problems 1n
engineering can be solved by the application of a
great deal of common sense, plenty of experience,
and a few simple mathematical operations. There
are very few, if any, problems in practical engineer-
ing which do not surrender to the simplest mathe-
matics once the conditions are fully understood.
The difficulty is not so much in solving the problem
as in stating it clearly, and if there is any aspect of
mathematics that needs development in schools and
colleges more than another, it is the ability to see
precisely what is wanted, to know what is aimed

Whether that is taught by a study of the higher
mathematics or not we leave professors to say.
But what " quasi-scientific journals” mean when
they say that too much weight is laid upon mathe-
matical knowledge by teachers is that the machinery
and apparatus of the higher mathematics are not
required in the erdinary affairs of engineers, and
that a sound knowledge of precedent, a sound know-
ledge of physical facts, is much better worth acquir-
ing than an intimate acquaintance with the abstruse
properties of conic sections.

Need we, in coneclusion, remind the mathemati-
cally minded that the problems of practical engi-
neering are as open to them as they are to the rest
of the world. They know as much about the steam
engine, the gas engine, the dynamo and motor,
the machine tool, the screw propeller and flying
machine, as the rest of the world knows. Can
we then doubt that if revolutions are possible in
the construction of such things by the application
of advanced mathematics, that such advances would
have been made long ago? Mathematics must
prove their pre-eminence by works before engineers
will be disposed to concede to them the position
which has been gained and is still held by the step-
by-step progress of the practical man who looks
upon mathematics as a handmaid and not as a
goddess, and who, recogunising the necessity of
making something, goes along step by step, blunder-
ing, if you will, but getting gradually to his goal.
Without mathematics engineering could scarcely
continue, and no advances would be made; but look
where we will, we see the truth of the fact that in
all save a very few cases the progress of invention
1s due to men who have attacked their problems by
the experimental method, and this in spite of the
fact that there was a fair field for both parties.
That Sir J. J. Thomson is himself not blind to this
fact is proved by the following passage in his
address: " How great is the supply (of heat) the sun
lavishes upon us,”” he says, ' becomes clear when we
consider that the heat received by the earth under
a high sun and clear sky is equivalent, according to
the measurements of Langley, to about 7000 horse-
power per acre. Though our engineers have not
yet discovered how to utilise this enormous supply
of power, they will, I have not the slightest doubt,
ultimately succeed in doing so.”” We are content
to leave the subject at that; the mathematician
shows us where the power lies, the engineer
abstracts it.

The Strength of Rolled Beams,

IT i1s a popular fiction that we have nothing to
learn concerning that type of rolled beams and gir-
ders which is largely employed in buildings, small
bridges, and structures of secondary importance.
They are freely bought like bricks or lime or boards,
without question, save as to price, and loaded with-
out much care as to their fitness for the work they
have to do. So long as their general dimensions
appear to be suitable, nothing more is asked. They
are simply marketable commodities, and the user
depends on the reputation of the makers for their
quality. Now and again, however, tests are made,
and the results are not infrequently anything but
reassuring. The rolling of a fairly heavy double-
flanged beam is by no means a simple matter,
because of the various ' draughts ” put on the
metal in going through the rolls. The edges of the
flanges do not run as fast as the central portions,
and they must either be dragged through the
grooves, or else the central portions must be com-
pressed. The roots of the flanges—that is to say,
the places where the central web joins the flanges—
tend to be unsound, and initial stresses are no
doubt set up which may ultimately do harm.

To overcome difficulties like these the Bethlehem
Steel Company, of Pennsylvapia, bas been turning
out I beams with the Grey universal beam mill,

for which it is claimed that " in the Grey mill the

flanges and web of the beam are formed by the
simultaneous operation of independent horizontal
and vertieal rolls, thus admitting of the effective
rolling of the metal in the flanges as well as the
web. This renders it possible to produce wider
flanges than by beam mills of the ordinary type, in
which the linear speed of rolling at different points
of the beam varies inversely with the distance from
the centre of the roll, resulting in a dragging action
upon the flange metal, which becomes emphasised
with increasing flange width.” It is further claimed
that in beams of ‘standard '’ section the webs are
too thick for economy, but that they cannot be
made thinner in the ordinary mill. This does not
include all the points in favour of the product of
the Grey mill, but it is unnecessary to specily them

at, and the road by which it is to be attained. | particularly, because they do not appear to possess

the advantages claimed for them. Mr. Marburg,
pmfmnr ﬂf nivﬂ an 1 1 B iﬂ thﬂ Uﬂl?ﬂ!‘ﬂlty'ﬂf
Pennsylvania, has carried out a laboratory Imquiry
intended to settle the comparative values of the
Grey beams and the standard beams. The results
were unexpected. It is asserted for the Grey
beams (1) that the material in the flanges receives
more work in rolling, and is, therefore, of better
quality ; (2) that the material throughout the sec-
tion is more nearly uniform in quality ; (3) that the
beams are comparatively free from internal stresses.
The tests are far from establishing the validity of
these claims. For the sake of comparison, ata.nr}a.rd
section beams were tested at the same ftime,
and it was found that these also did not come
up to the mnominal excellence attributed to
them. The Engineering News is not unnaturally
disconcerted, seeing how largely I beams are
used in the construction of ' skyserapers.” Our
contemporary says :— No doubt most of us have
always had a silent conviction that an I beam wu*r_;lld
develop practically the full strength of its material,
i.e., would not fail until its extreme fibres were
stressed approximately as high as the ultimate
strength of the steel composing the beam. In this
connection we have been inclined to think vaguely
of something like 55,000 Ib. to 62,000 lb. per square
inch, and to credit our beams, when stressed to a
16.000 1b. fibre stress, with a safety factor of 3% to
4. When we see from Professor Marburg’s tests,
however, that 15in. I beams averaged only 42,600 1b.
per square inch in ultimate strength, while 24in.
I beams showed only 34,000 lb. per square inch,
our tacit assumptions seem gravely over-optimistie,
and our safety factor drops to a figure between 2.0
and 2.7!” Why are these beams so defective ?
Let us see what Professor Marburg has to say on
the subject.

It will be remembered that his experiments were
mainly intended to settle whether the wide-flanged
thin-webbed Grey beam was or was not better
than the normal or standard beam made by the
Bethlehem Company. A curious fact demonstrated
by the inquiry is that while the elastic limit of
the standard beam is very constant at about
20,000 1b. per inch for all sections, that of the Grey
beams fall off very rapidly, being only 10,500 Ib. for
girders 30in. deep. The method of failure is instrue-
tive. The 15in. Grey girder gave way by the twist-
ing of the web, while the standard failed by tbe
lateral deflection of the top flange. This was the
case with all depths and sizes. In the standard °
beam the initial cause of failure appeared to be the
lateral weakness of the top flange in compression.
While the flange gave way near the cenfre of the
length of the girder, the vertical position of the
web near the ends was well maintained. The
failure of the Grey beam was, on the contrary,
generally speaking, marked by a sudden and con-
siderable twisting of the web, usually in opposite
directions at opposite ends, the beam, as a whols,
assuming the shape of a very flat letter S. Taking
generally the breaking stress of the beams tested, we
find that, according to Professor Marburg, the use of a
working stress of 16,000 b, or 7.14 tons, as usually
recommended for buildings, is indefensible. In his
judgment, further inquiry is imperatively demanded.
His investigations showed that very considerable
differences in quality exist in the same section of
the beam, depending on the locality. Thus, to cite
two or three examples, specimens cut from the web
of Grey beams had an elastie limit of 36,500 1b. and
a yleld point of 42,500 lb. per square inch, while
the root of the flange gave 16,300 1b. and 34,400 lb.
only. In all the girders tested there were dis-
crepancies of this kind. Nothing was done in the
way of reheating to get rid of initial stresses. The
low elastic limit of the metal near the roots of the
flanges is very peculiar. Its cause has vet to be
ascertained.

‘ So far as can be seen, the Grey theory of rolling
1s unsound, rather better results being got with the
standard mill. It must not be forgotten that the
number of tests made was small, but the girders may
be regarded as quite representative. There have
been some serious accidents in the United States,
tall buildings collapsing in whole or in part.
Possibly an exaggerated estimate of the strength of
beams may have been a contributing cause. We
do not suppose the inquiry will cease at this point.
No d?uht the Pennsylvania Steel Company will fall
in with .memaur Marburg’'s suggestion that an
E:Itendﬂd inquiry should be carried out to throw more
light on :—The low elastic limit of the metal near
th'ﬂ root ﬂf thﬂ ﬂﬂngﬂ_ ita cause and vaﬂntiﬂﬂ.
The low elastic limits in bending for the deeper
beams ; their cause and prevention, unless it can be
proved conclusively that the values obtained in the
present series are abnormal. The effect, both
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on the elastic limit in bending and modulus of
rupture, of variations in the supports and lateral
restraint at the ends and intermediate points.
E;t.endad tests should be carried out to settle the
crippling strength of thin webs. An experimental
inquiry is desirable relative to the existence and
magnitude of internal stresses, and how these are
affected by different methods of rolling, finishing-
temperature, &ec.

_ It‘is a long time since anything like a complete
Inquiry into the strength of rolled steel beams has
been carried out in this country. A reference to
t.ax!‘,-books will show that investigation has been
mainly confined to iron beams. Various individual
and special tests have been and are being made, no
doubt ; but these are very far from covering the
whole ground. They have been for the most part
made with ship’s beams, bulb, and angle steels. It
goes without saying that British standard sections
are the result of experiments, and yet it is possible
tha.t_theﬂe experiments may not be in any way con-
clusive. It is not, we think, quite fair to take it for
granted that the girders turned out by the Bethle-
hem mills are strictly exceptional.

The Stream Line Theory and Collisions at Sea.

THERE would at first appear to be very little
connection, if any, between stream linesand collisions,
but a curious and exceptional paper is in front
of us, which shows that under certain conditions
the nature of the reactions on moving vessels in
close proximity may make it much more difficult to
avold a collision than one would suppose. The
paper is called “Some Model Experiments on
Suection of Vessels,” and its author is Naval Con-
structor D. W. Taylor of the United States Navy,
who is well known for his work in connection with
the resistance of ships and researches in the screw
propeller problem.

The paper gives the result of some investigations
made at the experimental tank on the mutual re-
actions on models of vessels moving side by side at
different distances apart and when passing one
another, and as it is a subject which has hitherto
recelved little attention, the paper is of considerable
interest. The models were all 20ft. in length, and
from the other dimensions given would appear to be
of battleship proportions. The speed at which they
were timed was from 2 to 3 knots, and the corre-
sponding speed for a vessel 490ft. in length would
therefore be 95 to 143 knots. The models had a
displacement "' in fresh water "—but why drag in
the fresh water ?—of 3000 1b., so that the displace-
ment of the full-sized ship of the above length
would be about 19,000 tons. In the general result
it was found that the mutual action between the
models varied with the speed, as the resistance of
the models and the forces measured are indiecated on
the diagrams In terms of the resistance. The forces
were measured at points near the bow and stern,
and it is stated that the results cannot be regarded
as highly accurate, owing to the difficulty in towing
the models exactly straight, but they show the
general tendency very clearly. When towed
abreast about one-fifth the length of the models
apart, representing about 33 yards in our full-sized
ship, there is an attraction between the two wvary-
ing from 1°2 times the resistance at the bow to
22 times at the stern. As one would suppose, this
attraction reduces rapidly as the distance between
the vessels is increased. At one quarter the length
apart, say 40 yards, for the full sized ship, the
attraction diminishes to two-thirds the resistance
at the bow to a force equal to the resistance at the
stern, and so on, until when the distance has
increased to half the length of the vessel or more,
the suction has almost entirely disappeared. When
one vessel is overtaking another there 18 a change
in the direction and magnitude of the forces, begin-
ning with a repulsion which is greater at the stern
than at the bow of the overtaking vessel. When
the bow of the overtaking vessel is abreast of the
overtaken, the force at the bow changes to one of
attraction, but the repulsion at the stern has in-
creased in magnitude. From this point onward the
attraction at the bow increases rapidly, while the
repulsion at the stern diminishes rapidly, and
eventually changes again, so that both forces at bow
and stern become attractive. This continues until
the vessels are abreast, after which the forces
undergo changes in reverse order as the overtaking
vessel passes the overtaken. It is pointed out that
the existence of these forces makes the avoidance of
collisions difficult after certain positions have been
reached. There is a strong course acting on the
overtaking ship tending to swing its bow in towards
the overtaken ship which it would be probably
impossible to counteract entirely by putting the

helms over, and it is also pointed out that the
magnitude of the forces would also be greater in
shallow water, such as in the fairway of a river,
where these conditions are of practical importance
owing to the nearness with which it is often neces-
sary for vessels to pass one another. The general
results could have been predicted from the applica-
tion of the stream line theory, although it would not
be possible to evaluate the magnitude of the forces.
We know that if the particles in a stream line are
diverted, there is no resultant pressure so long as the
particles return to their original direction with their
original velocity, for in that case there is no perma-
nent change of momentum. In the case of two
vessels close together abreast, the momentum of the
water flowing between them is reduced to a greater
extent than that of the water flowing outside them,
and the result is a pressure on each tending to force
them together. Everybody has probably seen this
phenomena exemplified in the tendency of boats to
drift together in a tideway. The case of vessels
approaching one another in parallel lines i1s more
complex, but the direction of the resilient forces
can be seen by drawing the stream lines round
the two vessels. The magnitude of the forces
appears greater than one would suppose to be the
case, and as the figures given in the paper make no
great claim to accuracy, the subject may well
recelve further experimental investigation.

The practical application of the results may not
be great. No seaman wants to pass another vessel
within a distance less than half the length of his
ship if he can possibly avoid it, neither does he
require to be told that in a narrow channel in close
proximity bo other vessels, reduced speed is essential
to safety. On the other hand, if the magnitude of
the forces are as great as found in these experiments,
some light may be thrown on such cases as the
Gladiator and St. Paul collision, for the conclusion
to be drawn from the results given in Naval Con-
structor Taylor's paper is that once a certain
relative position between two vessels has been
reached, it i3 impossible to avoid a collision unless
the way on both vessels is instantly checked.

Iron Trade Revival.

THE iron trade is reviving. Of that there is no’

doubt. News of the change comes from all parts
of the country. And, better than all, the account
of quickened buying from one districtis simultaneous
with equally satisfactory reports from ecompeting
areas. Liook where one may, the market informa-
tion is the same. To say that the intelligence is
gratifying is to express only a fraction of the fact.
Under any circumstances, prosperity, if only at the
start, must be a pleasing substitute for bad trade;
but the present revival is doubly welcome because
so long delayed. Commencing in the iron
manufacturing States of the great Republic across
the Atlantic, where the depression had been unre-
lieved since the panic, now nearly two years ago,
it had been a surprise fto iron producers in this
country that the revival had not earlier affected the
works and furnaces, and attention had been strained
to catech the first reliable
improvement having reached the Scoteh and
English iron districts in sufficient volume to
warrant sensible recognition. It is in the raw
iron trade that, so far, the revival is most pronounced,
and, happily, each week is adding to the number of
those exchanges where a better state of things is
appearing. The Midland market has been the last to
be touched, but the reports of the pig iron situation
emansating from that part of the kingdom just now
are all that could be desired. In common with the
West of Scotland and the North of England, prices
in the Midlands are steadily moving up, and the
hesitancy of masters to book forward as far as
buyvers would like is speaking evidence of the belief
which producers entertain that the improvement
will continue. This week news comes of the first
kindlings of the revival in the manufactured iron
industry. The Scofch malleable iron makers have
put on 7s. 6d. a ton on all sections of bars, and the
influence of the advance is bound to be felt in the
other iron-making districts. Cleveland should be
the first to benefit, and probably will be, and next
Lancashire and Staffordshire.

PRUSSIAN RAILWAY ELECTRIFICATION.

Arrer much procrastination, the Prussian Railway Ad-
ministration has at last decided to take the first decisive
step towards the electrification of the main Prussian rail-
way lines, and the 2,000,000 marks required for the equip-
ment of the first trial section were sanctioned by the

Prussian Chamber of Deputies last month. The section |

indications of the| per

on which the first trials are to be made is 30 kiloms. long,
and extends from Bitterfeld to Dessau. The service is to
be so arranged that the steam locomotives which draw
the trains over the main lines to Bitterfeld and Dessau
are to be changed at these stations for electric locomo-
tives, this form of traction alone being employed to work
the trains over thd trial section. If the experiment proves
a success, the electrification of the main lines extending
between Leipzig, Bitterfeld, Magdeburg, and of the branch
Jine from Bitterfeld to Halle v;fl probably soon after be
proceeded with.

There are several reasons for saying that the section for
these first trials has been most happily chosen. The
first is, because other allel lines exist over which the
traffic intended for the electrical line could be diverted in
the case of a tempo breakdown on the latter.
Secondly, the line is in the interior of the country, which
precludes any possibility of the military authorities rais-
ing any objections to it from strategical reasons. Thirdly,
the line chosen is a section of a main line runniug to
Berlin, so that the electrification could be easily extended
right up to the capital. Fourthly, there are large brown
coal deposits near Bitterfeld which will provide cheap
fuel for the power station.

In the elaboration of the entire scheme, the experience
gained by the working of the Hamburg electric railway
has been turned to account. The overhead trolley system
and the power-house have been so projected as to allow
of the electrification scheme being readily extended, and
hopes are entertained that the 26,000,000 marks which
would be required for the whole extension will eventually
be sanctioned by the Chamber of Deputies. At a meeting
which was held in the Prussian Ministry of Public Works,
and attended by Privy Councillor Wittfeld and a number
of distinguished engineers, the principal points in con-
nection with the proposed electric line were fixed. It
was decided that although a frequency of 25 periods is
being used on the Hamburg city railway, 15 period single-
phase current should be adopted on the new line,
because it has been found that electric motors for 15
periods last longer than motors built for 25 periods. It
was also urged that in America 25 periods had first been
tried, and subsequently superseded by 15, this lower fre-
quency having beenintroduced there by the Westinghouse
Company. An objection raised against the application of 15
periods was that this lowerfrequencyentailed a considerably
higher expenditure for the central power station. DBat it
was shown, on the other hand, that the losses in traus-
mission were lower with 15 periods than with 25. The
tension at which the current is to be transmitted is to be
60,000 volts, and it is thought probable that this tension
will be used on all the main lines converted in the future.

As has been mentioned above, the present section is
about 80 kiloms. long, and the current will be trans-
mitted to the locomotives through overhead trolley wires.
The initial equipment of the power station will consist
of a steam turbo-generator, capable of developing 3000
kilowatts, power factor 0.8, 3000 volts, 15 periods, single
phase. The turbine will, in accordance with the general
practice in vogue in Germany, be of the horizontal type.
Two transformers will be installed which will step up
from 3000 to 60,000 volts. The transformers will be
cooled by oil, which will itself be kept cool by means of
water passed through spirally woand pipes immersed
in it. It has been found by experience in Hamburg that
extremely severe short circuits occur on electric railways,
and for this reason special care will be taken to construct
all parts of the switchboards, that will have to withstand
the effects of these short circuits, as substantially as
possible. This refers particularly to the oil switches, and
it will be interesting to observe how the various firms
will solve the oil switch question.

Since it will be necessary to reconcile the speed of revo-
lution resulting from the given periodicity with the speed
at which a favourable steam consumption by the turbine
is obtainable, it is to be expected that a two-pole turbo-
generator will be decided upon, and that the revolutions
minute will be 900. To develop the necessary power
at this speed the generating set will have to be made
heavy, and will in consequence be expensive. The steam
turbine will be designed for a pressure of admission of
13 atmospheres, in accordance with the general practice
in Germany. The exhaust steam will be condensed in
surface condensers.

In the specifications recently sent to the various firms
which were asked to prepare tenders it is required that
the condenser pumps shall be driven by a separate steam
turbine. For several months now this method of driving
condenser pumps has been gaining favour—more in Ger-
many, perhaps, than anywhere else. Compared with the
electrical driving of condenser pumps, it is claimed to have
the advantage of being more reliable, for with electrically-
driven condenser pumps it has happened that, through
heavy short circuits, these pumps have been brought to
a standstill, and this has resulted in the stoppage of the
whole generating set. Such contingencies need, of
course, not be feared with steam-driven pumps. The
cooling water for the condensers and the additional
boiler feed-water will be drawn by the condenser pumps
direct from the river Mulde. The boilers will be erected
in a separate building adjoining the engine-house, and
will have to be specially arranged for the burning of
brown coal fuel. The boilers generally used for brown
coal fuel in Germany have pipes which slope more steeply
than in ordinary boilers. For electric power stations
water-tube boilers only are used, and these will pre-
sumably be employed in the present case. Endeavours
have been made in Germany lately to introduce a new t
of boiler known as the * Garbe" boiler. The results deduced
from practical experience of these boilers are not yet
sufficient to enable a sound opinion of their merits to
be formed; but it is slated that the experience gained
with them in small power stations has so far been satis-
factory. The space taken up by these new boilers is
small, although this advantage is somewhat offset by their
requiring a higher boiler-house than ordinary land boilers.
Superheategs are to be provided, and economisers will
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also be installed. In view of the large quantities of
brown coal required for a power station of such magni-
tube, hand firing will, of course, not be entertained, but
mechanical stokers will be employed. The coal will be
brought direct from the mine to the power station in rail-

Fig. 1—VIEWSHOWING OPENING OVER

way trucks, and will be conveyed automatically to a bunker
arranged above the boiler, whence it will fall through
tubalar chutes on to the grates.

It is hoped in engineering circles in Germany that the
new trial plant described above will turn out a success,
in order that the other railway lines, which would ther
be converted, may provide more work and better times
for the electrical industry, which has been suflering
severely from the effects of the present depression.

|
A NEW TYPE OF SELF-DISCHARGING |

COALING VESSEL.

A NEW system of belt conveyor discharge has recently been
patented by William Doxford and Sons, Limited, and
adopted in a new vessel—the steamship Pallion—which they
have recently built at the Pallion Shipyard, Sunderland, to

the order of the Dunrobin Shipping Company, Limited, of |

Newcastle-upon-Tyne. This vessel has a length between
perpendiculars of 270ft.; a breadth, moulded, of 44ft. Gin. ;
and a depth, moulded, of 23ft. 6in. She is a single deck
self-trimming steamer, with large hatches and subdivisions
in the hold, and she has a carrying capacity of 3100 tons
on a 17ft. 10in. draught. The machinery, comprising
triple-expansion engines, 2lin., 35in., and 59in. diameter by
391n. stroke, and multitubular boilers of 1801b. pressure, is
placed aft. The cabin accommodation is fitted in the bridge,
and the crew space in the forecastle, whilst the navigation
accommodation is about amidships. The after hatchways
are extended by trunks to the poop deck level, and have
been so arranged as to give the vessel a proper trim when
loaded with full bunkers, and the usual high coamings are
fitted on the poop deck and on the main deck forward.
The bottom of the vessel is constructed on the cellular
system for a portion of the breadth, and the inner bottom ig
raised and sloped upwards in the wings and built into the sides
of the vessel, forming a suitable incline for gravitating the
cargo to the conveyors, and also giving the vessel the

The sides of the tunnel below the level of the hatchways over
the belts are open for free access to the belts and carners at
all times. Over these conveyor belts are placed strong iron

guide plates extending the full length of the hold and partially
covering the belts, leaving a 24in. batch over a 36in. belt.

CONVEYOR

This space is covered in the holds by cross-laid hatch covers,
9in. in length and 3Sin. thickness, which support the cargo
and leave the conveyors free to work without carrving the
load. At the after end of the hold a portion of the hateh,

in the stern of the vessel. These carry the
load on to return belts, which are extended forward on both
sides on the deck. In a simple form these conveyors would
tarminate at the fore end of the machinery space, or poop
front. and the load would be delivered into side shoots which

guide shoots

Fig. 2—VERTICAL SLIDE DOORS IN THE HOLDS

telescope and are adjustable for loading barges on either side
of the vessel, the shoots being suspended from derricks or
other suitable means. In cases where the discharge 1s re-
quired at a higher level than is attained at the poop frontand

Fig. 3-SIMULTANEOUS DISCHARGE OF COAL

over which the 9in. hatch cover is omitted, is covered by a
horizontal iron slide door, operated by a ratchet in the tunnel,
On the foreside of the bulkhead is constructed an access

| chamber in free communication with the tunnel, which is of

such a form as partially to protect the slide door from the

Tae Dveavpam

Fig. 4—-LONGITUDINAL SECTION AND PLAN

advantage of being about half-loaded when in ballast
and bunkers. In the centre line is constructed a slope top
fore peak throughout the hold, and between this tunnel and the
tunnel—Figs. 4 and 5—extending from the engine space to the
raised portions of the double bottom are placed the conveyor
belts, of the Robins pattern, oue on either side of the vessel,

~ ais Sc i

OF THE PALLION

cargo when loading, and in the floor of this projection of the
chamber is fitted a flap hatch to give aocess to the hold from
the tunnel. At the after end of the cargo space the con-
veyors rise from the horizontal and pass upwards in iron
chambers through the machinery space, and thence into the
conveyor-driving engine-room, and discharge the load into

INTO TRUCK AND LIGHTER

a large range of elevation i1s necessary, as, for instance, for
delivery on high quays into trucks and into barges alongside,
the conveyors are carried forward and hinged at the poop
front, and the delivery end is suspended by suitable tackle
from twin masts or framework, and is raised or lowered
according to circumstances, delivering the load into telescopic
shoots suspended therefrom. When the delivery is into trucks,
the ** offside "* belt delivers amidships into a cross conveyor
suspended on the masts, which carries the load to the shore
side and delivers by shoots into the trucks. A development
of this principle has, however, been applied to the steamship
Pallion, as, in order to obviate the use of delivery shoots,

Fig. 5-CROSS SECTION OF THE PALLION

which result in considerable damage, the terminal convevors
are carried in swivel booms, which are raised or lowered and
swung overboard to the points of delivery, thus permitting of
the cargo being conveyed direct to the truck or barge without
shoots. These booms may also be swung across to the reverse
side of ﬂ!a vessel, so that both booms can deliver simul-
taneously into trucks or warehouse—Figs. 3 and 4. Another
important feature of this discharging arrangement lies in the
method uf_ delivering the cargo on to the belts from the hold,
and enabling the operator to have full control and free access
at all times to the conveyors and to the face of the cargo. He
:::;y t:;:%:upenntenc:l and direct the continuous flow, and be
4 position promptly to correct any tendency of the ca
to bridge or to choke the aperture lmg.ing to lh}; belt, whjﬁ
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THE SELF-DISCHARGING COALING VESSEL PALLION

WILLIAM DOXFORD AND SONS, LIMITED, SUNDERLAND, BUILDERS

being the smallest space the load has to pass through, ensures
a continuous and uninterrupted delivery.

For unloading a coal cargo the following is the modus
operandi :—Presumably the holds are full and the cargo
lying solid, except under the overhang of the chamber on the
bulkhead over the slide door, at which point the space is
naturally only partially filled. The slide door in the covers
over the conveyors, Fig. 1, is drawn back by the operator in the
tunnel, and the loose coal over it immediately travels on to
the conveyors, which may or may not have been started. If
running, then the flow continues ; if standing, no difficulty
arises because the conveyor is only filled at that point, and
the aperture becomes blocked and only clears and flows when
the belt is started. Then, if no *‘ bridging '’ occurs, the
alter part of the hold is rapidly emptied on to the conveyor
which is carrying it on deck and into the receiving trucks or
barges. If, however, any '’ bridging '’ is threatened, the
operator 1n the tunnel ascends to the chamber, and has free
access over the aperture to correct any block. If bridging
occurs higher in the hold, then he breaks it by means of a
pinch bar through prick-holes in the chamber sides. When
the after end of the cargo has run to its natural angle of
repose, the operator now in the hold merely removes the first
cover and places it aft of the aperture, allowing another
portion of cargo to run, he being in a free position to maintain
the run and correct any tendency to bridging and to abnormal
rushes. If such do occur and incline to block the aperture,
he again corrects this, and, having ran so much more, he
removes the next segment of cover, and so on, gradually
transferring the aperture from the after end to the fore end
of the hold. The wing tanks and central tunnel—Figs. 2 and
5—being sloped, the cargo gravitates to the aperture, and the
finals are manipulated by the operator, one man being on
each side of the hold.

An important feature is the inclined shoot, over which all
the cargo passes on to the belt. This shoot is carried on
travellers on the guide plate sides, and i1s moved by the
operator i1n the hold forward from stop to stop to correspond
with the movement of the aperture, thus allowing two men
to manipulate a whole cargo at the rate of 500 tons per hour,
The conveyor-driving engines are of the compound surface-
condensing type, worked from the main boilers, and are
under the direct control of the engineer of the vessel, who
has at all times free access to all the gear for oiling, over-
hauling, or adjustments. The driving engines are connected
to the conveyors, so that either can be run independently or
simultaneously, the power arranged being sufficient to deal
with a full load on both belts delivering at the rate of 500
tons per hour. Accordingly, it is estimated that in regular
working the steamship Pallion will be unloaded in six hours,

or, allowing for stoppages in moving barges, &c., seven to |
eight hours, and this, too, with but one stoker, one engineer,

two labourers in the hold, and two adjusting the shoots or
booms into the craft. The gear, being placed quite inde-
pendent of the cargo, is free to run empty, and all may be
made readv and waiting for a start before the vessel is
moored and the barges in position. This alone will save
considerable time as compared with the work of rigging
derricks, platforms, and the handling of baskets, &ec.

The total cost of discharging the cargo of the Pallion will
not exceed £12, including the upkeep of the gear ; and 1t 1s
affirmed that the cost of discharging a similar cargo at, for
instance, the port of Hamburg, is about £112, and that in the
work no fewer than 110 men are employed for about eleven
hours under favourable conditions. Tbe Pallion has 1300
tons of water ballast carried in her double bottom and wing
tanks, and the pumps are capable of discharging 300 tons per
hour, There 18 a complete system of signal bells fitted
throughout the tunnel at the various discharge doors, which
epables the officer on deck to control the supply on either or
both sides of the vessel. The vessel is fitted with an electric
installation by the Sunderland Forge and Engineering Com-
pany, Lamited. Bhe is classed with the British Corporation
Registry, Glasgow, and was built under the superintendence
of Mr. G. Milne, of North Shields.

The advantages claimed by the inventors for this type of
vessel would appear to be various., Harbour authorities
will, it is urged, appreciate the accelerated despatch, as

busy ports will be able to deal with a much larger
import in a given area, and this will form an important
factor as against the consideration of the probable increase of
the harbour accommodation and facilities, Barge owners,
again, will recognise the saving of time, and also the fact
that the coal is delivered quietly from a reasonable height
into the barge instead of being dropped in large grab loads as
is frequently done. Coal merchants and consumers will reap
an advantage, as there is no great fall, and, consequently, a
minimum of breakage or loss of weight.

It should be here noted that the conveyors, whilst passing
through the poop, are carried over two of Dennison’s auto-
matic weigh baulks, each of which give the actual weight of
cargo delivered. The central tunnel in the hold, being under
somewhat similar conditions to a mine, is electrically illu-
minated and fitted with a ventilating fan and upcast ven-
tilator at the fore end, which is of such size as to form an
access shaft to and from the deck. The tunnel also has free
communication with the machinery space by means of a
watertight door. A steamer such as the Pallion, 1s inde-
pendent of shore labour, and so may avoid the frequent delays
arising from labour troubles. The number of men required
is so small, and the time occupied so short, that it would be
a simple matter to agree with the crew of the vessel that they

receive a fixed extra wage, and the discharge of the cargo

become part of their ordinary duty. A liberal estimate of
the cost of discharge, under such conditions, would not reach
the sum of one penny per ton, and at this cost the cargo is
also weighed.

A COMBINED LOCOMOTIVE BOILER AND
FEED-WATER HEATER.

THE immense locomotives of the Mallet duplex compound
system for the Southern Pacific Railway were described
in THE ENGINEER of May 21st last, and reference was
made to the fact that the boiler comprises both a combustion

Tie Excinezm”

LOCOMOTIVE BOILER

chamber and a fecd-water heater. We are now enabled to
give above a longitudinal section of this boiler.

The boiler has a total length, including fire-box and
smoke-box, of 50ft. 3in., and 1t 1s Tft. diameter 1n the barrel,
The fire-box has a flat crown sheet carried by | -shaped crown
bars, which are suspended from brackets inside the arched
shell of the outer fire-box by means of sling stays. The sides
of both the inner and outer fire-box are flat and almost
vertical. There are 27 cross-stays, 155in. in diameter ; 987
screw stays, 4in. and lin. diameter; 298 Tate flexible lin.
stay bolts in the side sheets: 95 Tate stay bolts in the back
head ; and 44 in the throat. The fire-box i1s 104ft. long and
G3ft. wide, with a sloping back head baving a single fire door
13in. by 18in. The engine uses oil fuel.

The boiler barrel has fiest a 21{t, length filled with tubes
in the usual way, at the end of which is a 4&ft. length form-
ing a combustion chamber. Beyond this, again, is a length
of 65}ft., which forms the feed-water heater., This has tubes
duplicating those of the main part of the barrel in size and
number., The water is forced continuously into the heater

. by the injectors, and passes out by a pipe leading to the

I
|

boiler check or feed valve. Beyond the feed-water heater
portion of the boiler is the smoke-box ; this is 8ft. long, and
contains a superheater consisting of pipe coils against each
side of the smoke-box shell.

The steam dome, with connections for outside steam
pipes, is at the forward end of the barrel proper, about 3ft.
back from the combustion chamber tube plate. A special
dome for the safety valves and whistle is placed just forward
of the fire-box tube plate. The combustion chamber has a
manhole 1n the top.

Owing to the great length of the boiler it is made with a
separable joint for convenience i i1 making repairs. This, as
shown, is at the combustion chamber. On the end of each
section of the shell at this joint is riveted a heavy forged
ring, the face of one baing concave in V-shape to receive the
convex V-shaped face of the other ring. This makes an
annular dovetail. When the sections are put together with
the ring joint entered and faired up, horizontal bolts are put
through the rings parallel with the axis of the boiler.

AMERICAN ENGINEERING NEWS.

A waterworks filter plant.—A large number of American
cities are treating their water supply by purification pro-
cesses, and many others are building plants for this purpose.
The city of Evansville, which built waterworks in 1872, is
installing a filter plant with a capacity of 12 million gallons
per day. The city's population is about 63,000. The water
from the Ohio River is pumped to a channel across the ends
of three coagulating basins, and fitted with hydraulically-
operated gates for each of these basins. Two of the basins
are 60ft. by 90ft., and the third is 30ft. by 90ft., the
capacities being 1,000,000 gallons for each of the first and
500,000 gallons for the last. Their combined capacity equals
five hours' total filtering capacity, but the basins may be
operated singly or in combination to give periods of from one
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to five hours, The coagulants used are lime, iron sulphate,
and hypochlorite of lime. From the basins the water is
delivered to any of a set of twelve filters, which are concrete
tanks, 14ft, by 22ft. At the bottom of each filter 1s a system
of 2in. pipes with slotted-tube strainers tapped in at 6in.
intervals. A bed of carefully selected gravel, graded in size,
i1s laid so as to cover the strainers, and above this 1s a 30in,
bed of filter sand. The water from the basins percolates
downward through the sand and gravel to the strainers, and
enters the pipe system, from which it i1s led to a clear-water
basin having a capacity of 2,000.000 gallons. The rate of
filtration of each filter is regulated by means of a controller
fitted to the outlet. The filters are washed by an upward
ourrent of water or air pumped into the pipe system, the wash
water overflowing into a conduit fitted with sand catchers.
A building contains the pumping equipment, air compressors,
machinery for mixing the chemical solutions, and a labora-
tory for making daily tests and analyses of the raw and
treated water.

Land reclamation for park purposes.—The filling-in of
low or submerged lands for park purposes is being
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CHAIN-BELTS DRIVING PUMPS

carried out in some American cities. At Chicago a large
bydraulic dredger is used to pump saud and clay into an
area uf submerged land enclosed by a masonry wall. At
Omaha the Park Commission has recently purchased a
hydraulic dredger for pumping sand from the Missouri River
in order to reclaim a large area of lowlands. This work will
continue for about five years. The dredger is designed to
make a cut 100ft. wide and 24ft. deep, and bas a capacity
of 250 cubic yards per hour. The hull is 70ft. by 25ft., and
7ft. deep, built of Oregon fir. A 12in. centrifugal dredging
pump, 74ft. diameter, directly connected to a marine engine
having cylinders 14in. by l4in. and 22in. by 14in., is used.
This engine is designed to'run at 250 revolutions. BSteam is
supplied by a boiler of the semi-marine type, 21ft. long and
6fs. diameter, built for a working pressure of 125 lb. The
ladder for the cutter and suction pipe is 30ft. long, built of
stecl, and hioged directly to the hull. Upon the ladder is
mounted the engine which drives the 4in. cutter shaft by
heavy cast steel gears. The cutters are of cast steel, 3ft.
diameter and 3ft. lopg, built in sections and easily remov-
able. The engines are run condensing, the vacuum being
maintained by an independent jet condenser. The dredger
is equipped with an electric lighting plant. The discharge
pipe line is 12in. diameter and 2000ft. long, 800ft. being
designed for floating. For the floating section the pontoons
are 112ft. by 5ft., each supported by forty-eight oil barrels.
The flexible pipe connections are 12in. diameter, 6ft. long,
specially designed to withstand the abrasive effects of the
materials dredged.

A NEW AMERICAN DRIVING BELT.

A NEW American driving belt for power transmission 1s a
belt-chain formed of a combination of steel chain and raw-
hide belt. The chain transmits the power and eliminates
trouble due to stretching. The rawhide forms a sheath or
covering for the chain, furnishing the friction surface and
giving a noiseless drive. The beltchain is of V-section,
running in grooved pulleys, any sufficient number of belts
being used in each case according to the amount of power
to be transmitted. The belt-chain runs slack, but gets a

PEERLESS V.BELT COMPANY, CHICAGO, ENGINEERS

and prevent wear, as the chain is bent in running to and
from the pulleys., The rawhide is used on account of its
high coefficient of friction, and its durability when not
subject to tensile stress. This stress, of course, is all taken
up by the chain. The strip of rawhide is of sufficient wadth
to bend up against the sides of the chain, thus fitting the
grooves of the pulley. On top of each double link is a leather
block, having its sides bevelled to fit within the pulley grooves.

The links are of machine steel, drop forged and case
hardened. The holes are drilled and the gudgeons turned
to a close and true fit. Lubrication is required only at
intervals of two or three months. This belt-chain is manu-
factured by the Peerless V-Belt Company, 219, South
Clinton-street, Chicago. It is made In two sizes, 1}in. and
iin. wide.

The engravings—Figs. 1 and 2—show pumps driven from
electric motors by these belt-chains. Fig. 1 shows a vertical
triple-cylinder pump for boiler feed working against a
pressure of 190 1b, It is driven by a 35 horse-power electric
motor, with four belt-chains as the means of transmission.
The pulleys are spaced 5ft. between centres, and the ratio of
their diameters is about 1 to 5. The machine shown in
in Fig. 2 is a horizontal duplex pump for the water supply
service of an office building, and works against 100 lb. |
pressure. It is driven from a 15 horse-power motor, and |
the pulley centres are about 3ft. apart. This pump wnsi
originally driven from the motor by gearing, but the
arrangement caused so much noise and vibration as to lead |
to complaints from the tenants. The belt-chain drive was |
then substituted, using three V-belts, and since then there |
has been no trouble.

Close spacing of centres i1s generally necessary in plants
of this kind, where a large amount of machinery must be
installed in the restricted space of a basement. This close
spacing was the cause of trouble with pumps in another

office building. A pump of the triplex type serves the
passenger lifts and works against a pressure of 900 1b. It is
driven from a 50 horse-power electric motor. The pulleys of
the pump and motor are spaced 11ft. between centres, and
the ratio of the pulley diameters 1s 1 to 10. Two sets of
pulleys are used, and there were originally two 12in. flat
belts, each of which was pressed down by an idler pulley
equivalent to 230 lb. weight in order to give the necessary
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Fig. 3—SECTION OF VEE CHAIN BELT

good friction hold in the pulleys due to the wedging
action in the grooves, for which an angle of 28 deg. is
used.

‘I'ne construction of the chain-belt is shown in the draw-
ing, Fig. 3. Each alternate link of the chain is composed
of a pair of bevel-faced plates having holes drilled in the
ends, and between them passes a rivet which serves also as a
separator to prevent binding. The other connecting links

are single plates having gudgeons at each end to fit into the '

bholes in the side plates. A strip of flexible rawhide is
secured to the bottom of the chain by the rivets, but the
rivets grip it only against projections on the under sides of
the plates, so that there is sufficient play between the ends
of the links and the rawhide sheath to give proper flexibility

contact and friction. In spite of the use of these idlers

| there was so much slipping that a second pump was required,

working intermittently to maintain the hydraulic pressure.
Each 12in. bélt has been replaced by four belt-chains, the

the motor shaft. These drive the pump without slipping,
so that the pressure is maintained and the auxiliary pump has
been disconnected. In addition to this, there is a saving of |
about 6 per cent. in electric power consumption.

The belt-chain has been used extensively for machinery
driven from electric motors and gas or petrol engines. The
applications include ventilating fans and blowers, pumps,
coal conveyors, machine tools, refrigerating machines, air

compressors, flour mill rollers, &e,

For the spacing of the driving and driven shafts with the
belt-chain transmission it is recommended that the distance
should be equal to the sum of the diameters of the pulleys
for & ratio of 1 to 2 or 1 to 3 of the pulley diameters, and
increasing with the ratio to the diameter of the larger
pulley by four times that of the smaller pulley for a ratio
of 1to 10. Under these conditions the iin. belt-chain will need
about 200 linear feet of contact per minute to transmit one
indicated horse-power on pulleys of 4§in. pitch diameter and
over, while the 1}in. belt-chain will require about 130 linear
feet per minute for pulleys of 6in. and upwards. Where the
spacing is shorter than that noted, of course the linear feet
per horse-power must be increased. The maximum speed
for the smaller belt-chain is about 3000 revolutions per

minute, and the maximum travel about 6000f{t. per
minute. For the larger belt the maximum number of
revolutions is about 2000 per minute and the maximum

travel is about 4000ft. per minute.

LETTERS TO THE EDITOR.

(We do not hold owrselves responsble for the opumions or our
correspondents. )

MARINE PROPULSION,

SIR,—In a previous letter | have shown that the conditions of
marine propulsion are in one sense extremely simple—that, in a

| word, the energy expended or work done i1s measured In foot-

pounds by the distance over which the force concerned acts
Thus, in the case of a paddle-wheel, the force exerted on the floats
is precisely equal to the force exerted on the plummer blocks or
their equivalent, bat the force is exerted over a greater distance
on the wheel than on the ship. The difference iz slip, and is a
dead but unavoidable loss. Not one of your correspondents has
attempted to controvert the truth of this very obvious propo-
sition.

Incidentally, a 12in. gun has been introduced. Sir George
Greenhill, writing about this gup, gave the average gas pressure
inside it as 6.25 tons per square inch. The muzzle energy of an
850 Ib. projectile being 53,000 foot-tons, and the length of the bore
o0ft., I showed in my letter that this must be wrong. Then Sir
(reorge writes to admit that [ was right, and gives about 9 tons as
the correct figure.

In last Friday's EXGINEER | find a letter from Mr. Ramsay, who
first finds fault with me for saying that *‘ Oar faith in the very
foundation of dynamics is shaken, ”and then proceeds to shake them,
at all events for me, by a column of algebraical fireworks, which
result in giving a gas pressure of 24 tons in the 12in. gun, and an
aversge pressure of 12 tons. | may say here at once that nothing
like 24 tons has ever been recorded in a modern gun, and I do not
see how Sir (i, Greenhill's figures are to be reconciled with Mr,
Ramsay’s. As a matter of plain fact all this algebra is entirely
unnecessary. It is like using a steam hammer to break a butter-
fly. Mr. Ramsay has referred me to one book. May I be per-
mitted to refer him to another, D. K. Clark’s ** Rules, Tables and
Memoranda,” pages 282.3.4 where he will find fourteen very
simple equations dealing with every possible problem connected
with force and motion.

But let us apply the simple principle which I have already
recalled to the mind of your readers. We have in the case of the
12in. gun a mmzzle velocity sufficient to give 53,000 foot-tons of
energy to a projectile weighing 850 lb. With this weight we have,
however, nothing to do. The velocity does not concern us. We
only want to know what the average driving pressure behind the
shot must ba. 'That we get at once by dividing 53,000 by the
distance over which the force moves [ do not know what is the
precise length of the chase of the gun ; that is to say, of that part
through which the projectile travels. 1 believe the total length
of the gun is 51ft. 4in. The cartridge will take up about Sft.,
leaving, say, 43ft. for the chase, We divide 53 000 by 43, and,

' get in round numbers, 1232 tons as the force which, moving over

pump fly-wheels being grooved, and grooved pulleys fitted to |

a distance of 43ft., represents 53,000 tons moving over 1ft.
The area of a circle 12in. in diameter is 113 square inches, and
1232

=

113
as the initial pressure.
Sir (reorge (rreenhill has taken the length of the chase as 50ft.
2300 . 1060
— = 1060, and —
50 113

pressure. The initial pressure is double this, or 18.75 tons. The

= 10.9 tons as the average driving pressure, and 21.8 tops

The figures then stand = U.58 tons average
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uncertain point is the precise length of the chase. It will be seen
that no formulw or anything beyond the simplest arithmetic is
:uaf'ded to determine, as far as calculation can, the pressures in the

I am met, however, by a difficulty. Lieut. Dawson delivered

the Gustave Canet lecture on ** The Engineering of Ordnance " at

the twenty-fifth anniversary meeting of the Junior Institution of
Engineers on the 30th of June Jast, and in it he gives the maxi-
mum pressure in the bore of the 12in. gun as 18 tons. This figure
15 quite incompatible with a length of chase of 43ft. and a muzzle
energy of 53,000 foot-tons. The explanation is, of course, that Sir
(reorge Greenhill and Mr, Ramsay are both wrong in assuming the
initial pressure to be twice the average pressure. To assume that
the average is half the initial is to postulate that there is no pres-
sure at all in the gun at the muzsle, whereas, in point of fact,
there is a very high one. 1 have followed Sir George Greenhill in
his mathnd_a. and have taken the average as half the initial, but 1
‘hink the time has come to call attention to the obvious error
involved, which has not been discovered by Mr. Ramsay.

The range of pressures is determined by the rate at which the
cordite burns, and the maximum is maintained for a considerable
distance along the chase. Lieut. Dawson says, *“In the old
F:wdara almost complete combustion of the explosive took place

fore the projectile had time to move far down the bore of the
gun. High pressures were therefore set up in the chamber,
necessitating a massive breech. As the pressure fell off rapidly
the gun thinned down considerably toward the muzzle, and was
comparatively short. For smokeless powders the guns are more
uniform in outline to suit the more uniform distribution of
pressure, and they are longer to enable the full effects to be
obtained from the comparatively slow-burning explosive.” All
this may be beside the mark, but it is just as well that the facts
should be stated. Mr. Ramsay is again wrong in giving the recoil
of the gun as 0.3768ft. 1 do not know accurately what the recoil
of the 12in. gun is, but a gun firing' a 660 Ib. projectile, and
weighing 47 tons, recoils through a distance of 36in. 1n a quarter
of a second with a maximum speed of 22ft. per second ; a hydraulic
buffer resisting 1ecoil with a force of about 200 tons. The
explosion lasts 75 ten thousandths of a second, the muzzle velocity

ia 2950ft. per second, and the energy in the projectile 47.000 foot-
Oons.

It is perhaps advisable to say that Mr, Ramsay has not in any
way disputed the soundness of my views concerning the action of
marine propellers, FUsE,

August 24th.

SIr,—If Sir George Greenhill’s ruling stands, that the work of
action is not equal in all cases to the work of reaction, then it
follows logically that work can be done without any action taking

place. As:

Action = Reaction,
So Reaction = Aection ;
And Action = Work,
So that Reaction = Work - X,

where X represents an amount of work of action which has no
counterpart in reaction.
~ In other words, according to ““T. S, C.,” work varies inversely
as the masses, and, according to Newton, velocities generated by
one force vary inversely as the masses acted on ; then Work =
Velocity. *‘T.S.C."” knows what Euclid would say to that. As
Sir . Greenhill recommended us to consult *“ Mach's Mechanics,”
will you allow me to cite the following from page 198, &ec.

‘“ Perhaps the most important achievement of Newton with

t to the principles is the distinct and general formulation of
the law of the equality of action and reaction, of pressure and
counter-pressure. . . . . A body that presses or pulls another
body is, according to Newton, pressed or pulled in exactly the
same degree by that other body. Pressure and counter-
pressure, force and counter-force, are always equal to each other.
As the measure of force is defined by Newton to be the quantity
of motion or momentum (mass x velocity) generated in a unit of
time, it consequently follows that bodies that act on each other
communicate to each other in equal intervals of time equal and
opposite quantities of motion &mnmﬂnta}, or receive contrary
velocities reciprocally proportional to their masses. . . . We
know that we do not experience any resistance from a body until
we seek to set it in motion. The more swiftly we endeavour to
ll:::n.u'l a heavy stone from us the more our body is forced back

F it.'ll

What I maintain about marine propulsion is :—The more swiftly
we endeavour to hurl a heavy mass of water from the propeller,
paddle, or ship generally, the more the ship is forced the other
way (as back 1s only relative to the osther being forward) by
it. Is Mach’s interpretation of Newton wrong, or is it not
possible that the prolific Professor Rankine overlooked the logical
connections between his mathematics ! The essence of Rankine's
theorems amounts to ‘‘ the pushing aft of a large amount of water
without moving it.”” But, further, Mach : — ‘‘ Pressure and
counter-pressure go hand in hand. . . . There exist in the
domain of statics very many instinctive perceptions that involve
the equality of pressure and counter-pressure. The trivial experi-
ence that one cannot lift one's self by pulling on one's chair is of
this character,”

The endeavour, according to ‘‘ Fuse,” of a paddle wheel or
screw propeller to do B0 per cenl. to 90 per cent. of its work on
the vessel to which it is rigidly attached, save rotation, is surely
of the same character. Again, Mach, page 275:—** Two things,
however, are confounded—the question of the measure of force
and the question of the constancy of the sums X m »and X m 2,
The two bhave iu reality nothing to do with each other. With
regard to the second question, the later investigations of Newton
really proved that for free material systems not acted on by
external forces the Cartesian sum X m ¢ is a constant, and the
investigations of Huygens showed that also the sum X m 2 is a
constant, provided work performed 't}?' forces does not alter it."

So far Mach. Now Professor H. Hertz :—

Paragraph 511: ‘““When a force acting on a system does a
certain amount of work, the counterforce exerted by the system
always does an equal and opposite amount of work."

Paragraph 683: ‘' Proposition: An impulse and its counter-
impulse are always equal and opposite—i.¢e., their components
along every co-ordinate are equal and opposite, whether we con-
sider these quantities as vector quantities with regard to the one
system or with regard to the other system.

“ Every impulse which is exerted by or on a material system
can be resolved into a series of elementary impulses.”

Does this require further elucidation! If, when we choose to
describe *he result of any action as ** work done,” reaction does a
different amount of work, wherein consists equality of action or
reaction !

The difference in work of action and work of reaction can only
be brought about by calling velocity work. Whereas work is the
overcoming of, or the offering of resistance. These are, according
to “T.S. C.” my *“wrong fallacions” premises, upon which no
tenable theory of marine propulsion can be built. Seeing that with
my opinions I am now in company with the late Sir W. Anderson,
Professor H. Hertz, Dr. Aveling, and, as I imagine, that of Mach,
(lerk Maxwell, and even Newton, | can rest content with
““T, 8. C.’s” denunciation. Does anyone really seriously object to
that propeller being called the most efficient which will relative to
the ship, with given energy, drive the whole ocean back quickest !
My statement of greatest amount at greatest velocity back is
really the same thing. W. PREIDEL.

August 23rd.

AMERICAN TRAIN FERRIES, RAILS, AND PERMANENT WAY.

Sir,—In reference to the description of the interesting train-
ferry steamer Drottning Vietoria in THE ENGINEER of July 30th,

it may be of interest to note that while its journey is 65 miles,
some of the American train ferries crossing Lake Michigan make
journeys of 60 to 100 miles ; they have to contend also with heavy
storms and ice in the winter. These particular train-ferry
steamers have a higher freeboard than the Drottning Victoria, the
side plating being carried up to the deck which forms the roof
over the train deck. The large boats, with four lines of rails, are
340ft. long, and carry thirty double-bogie goods wagons, averaging
36ft. to 40ft. over couplers. The train-ferry steamers crossing
some of the straits connecting the Great Lakes have a low free-
board, the side plating extending only to the train deck, as they
have not to encounter the heavy seas of an open stormy lake.
One of these boats, with twin screws at each end, has three lines
of rails, and can carry twenty-four long goods wagons, or twelve
70ft. passenger carriages. ome details of these American train
fluggéaa were given in THE ENcINRER of March 23rd and April 6th,

In your leader on the treatment of rail steel—also in THE
ENGINEER of July 30th—you imply some doubt as to whether
ingots are cropped in American rail-making practice. This
cropping is universal, but for some years the engineers of the
railways have contended that the amount is insufficient. The rail
makers have to a great extent held aloof from discussion, and have
contented themselves with their arbitrary power of doing as they

leased, the railways—as represented by the officers responsible
or purchases—having in the main failed to support the demands
?if their own engineers for better rails and better rail specifica-
ons.

The question of eropping the ingots has been one of the actively
fought points in all attempts by American technical societies to
formulate standard specifications for rails. The so-called
** manufacturers’ specifications,” adopted and followed by the rail
makers, omit all reference to this, taking the position that the
railway—orits engineer-—needs to know nothing except thechemical
and physical properties of the finished rail. The specifications of the
American Railway Association require that ‘‘there shall be
sheared from the end of the bloom formed from the top of the
ingot * suflicient ' discard to ensure sound rails.” The specifications
of the American Railway Engineering and Maintenance of Way
Association and those of the American Society of Civil Engineers
say that ‘‘the shearing shall be not less than 25 per cent.,” and
shall be continuad until the steel shows solid. The specifications
of the American Society for Testing Materials leave the percentage
blank, to be filled in according to agreement between the railway
and the manufacturer. The reason for this is that the higher the
percentage of cropping the greater will be the cost of the rails. 1

There has been vigorous discussion as to whether the specifica-
tions should require * sufficient " or a minimum definite percentage
of cropping, and the weight of opinion appears to be in favour of
the latter. Whatever specifications are adopted on the part of the
railway, the great difficulty has been to ensure their observance
by the manufacturers. The latter have entrenched themselves in
the position that the railways have nothing to do with manufacture
but are simply purchasers, and are, in fact, quite incompetent to
say how rails should be made, There is no doubt that the manu-
facturers do know perfectly well how to make good rails, but the
trouble is that they do not put their knowledge into practice. If
rails break, it is due to some remarkable, mysterious, and quite un-
discoverable cause, or else to the fault of the railway in operating
beavy locomotives. Of course, some of the ‘“ big " railways enforce
their own specifications to a greater or less extent, but most of
them get their rails on the *‘take-'em-or-leave-'em " basis,

In your leader you refer to the spacing of sleepers as rail
supports, and reduce this to the reductio ad absurdum of placing
them too close to permit of proper packing of the ballast. Bat
there is too wide a spacing as well too close a spacing, and it should
not be 0 wide as to compel the rail to act as a girder supported
on piers. Itis very generally considered that the clear spacin
shounld be not less than 10in., although where three closely- ncag
sleepers are used under each rail joint, this is sometimes reduced
to 5in. A few American railways, in districts where sleepers of
varying width are furnished, specify a minimum number of inches
of sleeper bearing for the rail, instead of an arbitrary number of
sleepers.

For main lines with heavy traffic American railways use sixteen
to eighteen sleepers per 30ft, rail, or eighteen to twenty sleepers
for the 33ft, rail now in common use. The usual width is Sin.,
and the thickness 6in., but there is a strong tendency to increase
the thickness to 7in. in order to give greater rigidity under
modern loads. The 7in. thickness is used by many railways, Mr,
Jacomb-Hood, in his paper for the International Railway Con-
gress, suggests the advantages of flange rails over bull-head rails
for heavy permanent way. Leaving this out of the question, and
assuming the present chair road construction, the use of sleepers.
8in. wide, 6in. or 7in. deep, and B8ft. long, spaced sixteen or
eighteen to the rail, and well packed in good ballast, appears to
offer a promising development in permanent way, and to relieve
the rails from some excessive stresses to which they should not be
subjected.

The rail is only one part of a permanent way structure, and
should be relieved of its load by its supports. It is in the same

ition as the V's of a planing machine, serving to earry and
guide the load, but well supported from beneath by a bed which
rests upon the foundation. Apologies for the length of this
letter.

Chicago. RAILWAYS,

PROPELLERS IN TUBES.

Sir,—My letter whick appeared in your issue of June 11th, and
to which Mr, Wadagaki takes exception, was not suggested by
that gentleman’s paper read at Liverpool, but by a letter from
one of your correspondents, in which a proposal was made to put
turbine propellers in tubes having an area of inlet very much
smaller than the area of outlet. The letter referred to was
illustrated by a sketch showing the form of tube proposed, and
this sketch 1 reproduced in my letter.

Such a form could not possibly give good results for the
reasons 1 gave, A

With a Venturi tube of the form shown by Mr. Wadagaki in
his letter in your issue of the 6Gth inst., in which the area of
inlet is slightly larger than the area of outlet and the outside of
the tube 1s made conical, we get a different condition of affairs-

There will be, as he says, an excess pressure on the outside of
the tube, having a component in the direction of motion of the
vessel, and such a tube would give a considerable thrust so lo
as it was not itself moving through the water; but I fear that the
effect of the surface friction where it does so move would be the
same as in the case of the stepped tube tried by Sir John Thorny-
croft, in which the friction outweighed the gain in propeller
thrust,

Mr. Wadagaki is, however, quite justified in saying that this
can best be judged by actual experiment. With his remarks on
“ cavitation,”” however, | cannot agree at all, and he would seem
to have guite a different conception as to what “‘ cavitation”
means from that usually accepted. He says, ‘*thus we have what
is called ‘cavitation,’ and known as a serious cause of lost work
with the common type of screw propeller, turned into a veritable
boon in this system of jropulsion.”

Now | cannot conceive any circumstances under which ‘* cavi-
tation " can be anything but destructive to efficiency of propul-
sion.

Mr. Wadagaki objects to my statement that the limiting thrust
per unit of area necessary to avoid “ cavitation " would still be
measured on the area of the propeller itself and not on the area
of the discharge end of the tube, because, he says, the thrust on
the propeller itself is not the total thrust in this particular system
of propulsion, but only about two-thirds of it, and that therefore

I am not justified in measuring its intensity by the area of the

propeller alone. Now it must be remembered that with a tube
shaped in the manner | was criticising, that is, with the largest
area at the after end, the tube was mtuall;;putling against the
Empullar and giving a negative thrust. ith a tube of Mr.
Vadagaki's form, I have already stated that the thrust shown by
experiments made with the whole apparatus stationary is likely
to dinngpunr when the system is in motion ; but if we admit that
some effective thrust will be given by the tube, then undoubtedly
the thrust to be measured on the propeller is less than the whole
thrust, but the reduction in hydrostatic head at the neck of the
tube where the propeller is situated causes °‘ cavitation” to
commence at a lower pressure per square inch of blade surface
than if the tube were not there, and the result is the =ame. In
fact, it is analogons to the case of a propeller working in a tunnel,
the crown of which rises above the surface of the water. The
limiting thrust to avoid ‘‘ cavitation” is then reduced in propor-
tion to the height to which the water is lifted in the tunnel, and,
similarly, the limiting thrust which can be usefully applied per
unit of blade surface of a propeller in the neck of a Venturi tube
is reduced in proportion to the reduction of water pressure there.
Since writing my last letter I have read the article in your
contemporary Kngineering of Avril 30th, 1909, on Mr. Wadagaki’s
Newcastle paper, and I must say I am in complete agreement with
the writer, who sums up by saying, ““ If the increased velocity at
the neck of the tube conld be obtained without reduction of
hydrostatic head there would be something to be said for the idea
but even then the energy would have to come from somewhere
and to be paid for in some way or other. As we have already
said, the idea s founded on a fallacy, though it is a very persistent

n““".
Southampton, August 17th. S. W. BARNABY.

LOCOMOTIVE CRANK AXLES.

Sir,—In the discussions at the recent meetings of the Institution
of Mechanical Eongineers at Liverpool, Mr. T. Harry Riches
suggested that results obtained from marine engines might be
applied to locomotive work.

I am permitted to state that the Newburn Steel Works has
supplied to several railway companies during the last five years a
considerable number of built-up steel crank axles, some of which

were d ed to suit special requirements. Calcunlating these
mordin; to my communication in your issue of June 18th, page
637, on **The Diameter and Length of Bosses,” to the formula (1),

Db - 5 B

D l

Where ) = outside diameter of boss ;

& = diameter of shaft in journal ;

{ = length of boss ;
the resulting coeflicients for these built-up crank axles range from
4.5, 4.8, 5.5 to 6.3, Since the coefficient 4.2 ragrmntﬂ the
average proportions prevailing among the webs of built-up steel
marine crank shafts, where the thickness of the web generally is
= .66 8, the above resulting coefficients for built-up locamotive
crank axles compare very satisfactorily, considering that the
thickness of their webs is occasionally as low as .43 8 and .45 §,
necessitating also an increased percentage of allowance for
shrinkage,

I trust that these figures may be of interest to you, and to
some who are taking advantage of the special benefit offered by
built-up locomotive crank axles.

R. A, Lewis,

August 23rd.
Newburn Steel Works,

x coefficient.

BRITISH LOCOMOTIVE PRACTICE OF TO-DAY.

Sir,—The article published in your last week’s issue on “‘Simple
». Compound : A Footplate Experience,” is very interesting, but
somewhat misleading, Your contributor says he has been careful
to obtain accurate figures, and I do not for one moment doubt
their accuracy. However, any educated engineer will agree with
me when I say that the tests cited by your contributor are by no
means conclusive, It must be borne in mind that the compound
had an advantage over the simple anginﬂ of no less than 40 lb, per
square inch in steam pressure, besides the admn&ﬂﬁa of a larger
fire-box. The value of the trials would have been enhanced if one
of the newest simple 4-4-0 engines- 999 class—had been selected.
These engines, 1 believe, have boilers similar in all respects to
those of the compounds, As a practical engineer, however, |
contend that if locomotive trials are to be of any real value the
engines to be tested must be on an absolute equality. Boilers
should be of the same size and type, and worked at the same
pressure. The engine wheels should be identical both as regards
disposition and diameter. The cylinders also should be equal in
number, Mr, Deeley would probably think it not worth while to
alter one of his existing compounds into a three-cylinder simple
engine ; but it is interesting to note that Mr. J. G. Robinson has
so altered one of his 4-4-2 express engines on the Great Central
Railway, with, | understand, distinctly favourable results. Only
under the above conditions can any test be considered satisfactory.

Birmingham, August 21st, Cuas W, Davuncey,

SAND IN CONCRETE.

Sin,— With reference to your article in this week's issue of THE
ENGINEER on the above subject, seventeen or eighteen years ago |
had occasion to make a number of experiments on the strength of
concrete beams and arch ribs, the results of which were communi-
cated to the lnstitution of Civil Engineers, and were published in
the '* Proceedings,” vols. cxiii. and cxviii. The conclusions I
then arrived at were :—(1) That a very small admixture of clay had
a most detrimental effect, as it appeared to prevent the cement
from adhering to the sand at all ; (2) that pit sand was inferior to
sand made by crushing sandstone ; but (3) that the best results
were obtained from an admixture of crushed sandstone and whin-
stone dust from the stone breakers, the last providing the greatest
variety of size of grain, and therefore forming the denser mortar.
I have in the course of my experience been occasionally unable to
obtain sand free from dust, and no harm has apparently resulted
from its use ; but it has been dust of a gritty nature, not clay.
Where dirt has a distinctly deleterious effect is where it envelops
the particles of sand in a soapy film. In my opinion dirty sand
should always be regarded with suspicion, and if circumstances
render it impossible to wash it, it should certainly not be used
without being first tested with cement.

Ealing, August 2lst, A. FArRLIE BRUCE, M. Inst, C.E.

Sewers at Salt Lake City, states an American con-
temporary, are lushed by antomatic flush tanks which discharge
280 gals. of water during each cycle of operations. The tanks are
the Miller-Potter t}'(?a. and are situated at various points along a
sewerage system 106 miles in length, which is divided into a
number of districts. An attendant starts at the beginning of one
district, and proceeds along the line to its end, turping on the
water at each of the tanks which he When he has put the
last tank of the district into action he returns to the starting point
and shuts off the water successively in each tank, until he again
reaches the end of the district. During the interval which
elapses between the turning on of the water at any point and the
closing of the valve after the attendant has completed the circuit
of the district, each Hush tank has had time to fill and discharge
several times, This method is said to be economical, and effective
:'jn maintaining the entire system in a clean and satisfactory con-

ition,
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THE WHITE STAR LINERS OLYMPIC AND
TITANIC.

IN the building of a modern liner there ara well-defined
steps 1n the construction besides the five familiar stages of
the laying of the keel, framing, plating, lauoching, and
completion. These are the terms used to demote the main
op rations, but in the larger and more complicated struc-
tures of the present day there are many intermediate stages
that have an interest of their own, and afford an indication of
the progress of the work. This, of course, is especially the
case in such gigantic vessels as the new White Star liners
Olympic and Titanic, now under construction at Belfast, and
the reports that have already appeared describing one of these
intermediate stages—viz., the construction of the ocellular
double bottom—have dealt with a& number of interesting
points regarding the keel, centre-plate (or inner vertical keel),
floors, and other parts forming this portion of the ship, special
attention having been directed to the large amount of
hydraulic riveting and the appliances for carrying out this
work.

The double bottom—which 1n theee vessels 13 more exten-
sive than wusual, being carried round the bilge—as is well
known, serves several purposes. It provides space for water
ballast, which, being so far down in the ship, has an
important iofluence on the stability, in that the latter can by
its means be regulated as desired under certain conditions.
Then, while contributing greatly to the strength of the whole
structure, it forms an important element of safety in the
event of the vessel grounding at any time, the ship, in fact,
baving, as the term implies, a double bottom.

It will be seen from the accompanying reproductions of
photographs taken on July 30th, little more than six months
after the laying of the keel, that the tank top plating 1s now
well advanced, and that the next important stage 1s being
proceeded with—viz., the main framing of the vessel. These
frames form the ribs of the ship, and it will be observed that
numbers of the Olympic's ribs have already been set up near
the after end. It is expected that the stern frame will be
placed in position shortly, when the progress of construction
will be even more apparent than it is now,

TESTING CONDENSERS FOR LEAKAGES.

{ f_;:.r_.l i 1.

IN view of the fact that the number of condensing plants—
chiefly surface condensers—yearly installed is rapidly in-
creasing, also seeing the keen competition that 1s constantly
going on between engine builders with regard to water con-
sumption or pounds of water per B.H.P on the various
engines, these tests are often carried to the third decimal
place when speaking of pounds of water per B.H.P. or E.H.P.,
as the case may be.

If this minute estimation is likely to continue, I think it
high time we had it more widely known how simple yet very
reliable tests can be made for leaky condensers. The maker's
usual practice is to put a light water pressure first on the
cooling-surface side and afterwards on the condensed-water
gide, at the same time carefully looking out for any water
trickling through.

The station engineer, if doubtful, will run the condensing
plant for several hours with only the circulating water going
through the cooling surface, and carelully note if any con-
densed water is thrown up by the pump. Both of these
methods for ordinary working conditions may suffice, but for
a close competitive test they would not be, to my mind,
sufficiently accurate, because I have known the behaviour of
leakages to be very different when both waters are going
through than when only one. My contention is that a
condenser, like any other machine, should be tested under
its full-load working conditions, and, so far as I know, there
is no mechanical means of doing this; it is purely one for
chemistry, and personally I consider the silver-nitrate test
for chlorine or chloride to be the most suitable.

Even in the hands of an amateur it is possible to trace

|r_li'F}ll‘|-'-f,l'-u F.,'I'

salt in water, although it may be only one part to one | very reliable test for any leakages in a condenser. To carry |

hundred thousand parts. Therefore the leakage, however
slight, is quickly disclosed by the test mentioned.

The water frequently used for cooling purposes is that
generally known as surface water, drawn from rivers, canals,

out the test we shall require a standard solution of silver

nitrate, which can be purchased from any qualified Ch_“-‘“““-_
or for those who care to make it themselves, the p':l.rtl{"‘-.l:}ﬁrb
are as follows :—Dissolve 2.394 grammes of pure re-cry "’mt_'
lised silver nitrate in distilled water and make solution up to
one litre. We shall also require a solution of potassium
chromate made by dissolving potassium chromate 1n distilled
water—one part'chmnmw. ten parts DY weight of ""‘}“‘3‘_‘*
This potassium chromate solution is used as a ﬁﬂﬂmdl,n-}-
cator. The principle upon which the indicator depends 1S,
that silver combines with chlorine in preference to f;luonn_c
acid, and that accordingly no red u:'hmm;utrc‘nf silver 18
capable of being formed so long as chlorides are in the water,
but that red chromate of silver instantly forms the moment
nitrate of silver is in the slightest excess. Therefore, if we
take a sample of watér known to contain chlorine salts and
into this drop, spot by spot, the silver mitrate mlutn:rf], A
white precipitate of chlornide of _a-,][-f,_xr will form, and con-
tinue to do so. until all thechlorine in the water has been pre-
cipitated. But as will be seen upon making the experiment,
there is & difficulty in observing the exact point at which the
formation of the precipitate ceases; this difficulty i1s over-
come by the use of the colour indicator potassium chromate.

The details of analysis are as follows :—Measure out
carefully 50 cubic centimetres of the condensed water, which
should then be passed through a filter paper into a clean
porcelain dish. To this add about half-a-dozen spots of the
colour indicator, potassium chromate, at the same time
stirring with a glass rod, the colour of water then will be
distinctly vellow : this being so, the silver nitrate solution,
which should be contained in a properly gmduat.r_d burette,
is carefully dropped spot, by spot, into the water, which should
be constantly stirred the whole of the time. As will be
observed, the first few spots will become red instantly they
touch water, and die away to a pale yellow on stirring, that 1s
if sodium chlorides are present. The dropping in of silver
nitrate solution should be continued, also the sl;irring._unul
the water becomes permanently red. The very earliest point at
which the chromate of silver begins to form, or the redness
becomes persistent, the addition of silver solution should be
stopped, and the amount used read off from the graduatcd
burette ; from this we can ascertain the quantity of salt
present in the water. One cubic centimetre of silver nitrate
solution practically corresponds to one grain of salt per
gallon of water. If, on adding the first one or two spots of
silver nitrate solution, the condensed water—which had
previously been coloured by indicator—becomes permanently
red, it is quite certain that there is little or no salt in wafer,
consequently the condenser might be considered quite bottle-
tight. If, on the other hand, it requires several cubic
centimetres of silver nitrate solution to bring about a
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&o., and such is always found to contain—among other
things—sodium chloride or common salt in variable quanti-
ties, This, together with the fact that condensed water
should never contain sodium salts, enables one to make a

permanent red colour,
leaking, to what extent
salt found to be present,

then the condenser is certainly
may be judged by the quantity of
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demonstrates the great part which the engineer must continue to I The Equjprgzﬂ of the Canadian Jllillgnﬁrﬁi?r: iﬁgﬁ:ti;p::de:ilnai’f:
- in the development of Canada. ocomotives, 3642 passenger cars, and 119, _ . dn
‘THE BRITISH ASSOCIATION : SECTION G— | play in the development 0/ Canada. . 4 Bave been imposed upan | opinion of the official reporter on railway statistics, based chiefly

ENGINEERING.

Address by Sir W, H. WHITE, K.C.B,, Sc.D., LL.D., F.R.8,,
President of the Section.

ON the present occasion, when the meetings of the British
Associavion for the Advancement of Science are held in the heart
of this grest dominion, it is natural that the proceedings of
Section U (Eogineering) should be largely concerned with the
cunsideration of great engineering enterpnses by means of which
the resources of Canada bave been and are being develo and
the needs of its rapidly increasing population met. It will not be
ins) propriate, therefoie, if the Presidential Address is mainly
devoted to an illustration of the close connection which exists
between the work of civil ineers and the foundation as well
as the development of Bntish Colonies -and dominions beyond
the seas,

Briush Colonies and Possessions have started fromn the sea front
and have gradually pushed inland. Apart from maritime enter-
E:Bo. therefore, and the pcssession of shipping, the Bntish

pire could never bhave been cieated. An old Epglish toast,
once familiar, but which bas of late years unfortunately fallen into
comparative desuetude, wished success to “* ships, Colonies and
Commerce.” A great truth lies behind the phrase: these three
interests are interdependent, and their prospenty means wuch for
both the Mother Country snd its offspring.  Ascolonies have been
multiplied, their resources developed, and their populations
increased, over-tea ccmmerce bewween them and & Mother
Cpuniry bas been enlarged ; griater demands bhave been made
upon shipping for the over-:ea \ranspurt of passepgeis, pruduce
and manufactures ; there has been a ing necesany tor free
and oninterrupted communication between wildly scatiered
porticns of the Empire, the maintenance of which bas depended
Hrimtrﬂ}f and still depends on the possessiin of a supreme war
eet, under whose protection peaceful operations of the mercantile
marine can proceed in safety, undhecked by foreign interference,
but ever ready 1o meet foreign competition.

Now that our Colonies have become the homes= of new nations it
is as true as ever that the maintenance of British supremacy at sea
i both the mercantile marine and the war fleet is essential to 1he
continued existence and prosperity of the Ewpire. The trackless
ocean sopplies the cheapest and most convenient mears of
transport and intercommumeation ; continuous ymprovements in
shipbuildicg and marine engineering have asbridged distances and
given 10 ses ges a regularity and certainty formerly unknown.
i1t 15 a hitersl fact thatin ike Bnitsh Empire the '‘ sess but join
the nations they divide.” Every u-iump‘; of engiveering draws
closer the links which bind together its several parts. Greater
facilities for frequent and rapid interchange of information of
what is bappening 1n ail sections of the Empire, and of knowiog
each other better, should lead, and has led, to increased sympathy,
and a fuller realisation of common ioterest in all 1hat sffects the
well-being of the Empire. Within the last foew years the events
of the buer War have given remarkable proofs of the practical
interest of the Colonies 1n Imperial concerns, and their readiness
to share 1ts buraens., The present year will always be remembered
as that in which generous otfers of assistance from 1he Colonies in
the task of strengthening the Royal Navy at a cntical period have
led to a conference whose labours should produce importunt
practical results, and make our future secure. Organ.sed co-
uperation between the Mother Country and the Dominmions beyond
the seas in the maintenarce f an lmperial Navy adequa’ e for the
protection ¢f vita! intere=ts 1s essenual to that secun.y, acd at
jast there is a prospect that this end wul be attained. |

While claiming for the shipbuilder and marine engineer an
imuportant place 1n the creation ard maiutenance of the Empire, it
1s recogmsed that the wurk ot other branches of civil ecgineering
Las been equally important. lhe profession ot the civil engineer
was described m the Chaiter granted to the parent lpstituvion in
1828 as *‘the art of direcung the Greatv Sources of Power in
Nature for the use and couvenience of man ; as the means of pro-
duction snd of traffic in states both fur internal and external
trade, as applied in the construction of roads, bridges, aqueducts
canals, river pavigation, and docks, for internal iniercourse and
exc : and n the construction of ports, harbours, moles,
breakwaters, and lighthcuses ; and in the art of navigation by
artiticial power for the p of commerce ; and in the construc-
tion and adaptation of machinery, and in the drainage of cities and
towns.,” Since this description was penned there have been great
and unforeseen developments in many directions, including those re-
lating toimprovementsin the use of steam, thegenerationand pract-
cal applications of electrical power, the manufacture and exwended
employment of steel. The main ideas expressed eighty years ago,
however, still remain applicable to the beneficent work of the cvil
engineer. His skill ana enterprise, backed by adequate finaucial
provision, are continuously being apphed to improve and extend
means of production, internal and external means of communica-
tion, inland and over-sea navigation, the use of mechanical
power and appliances, the acceleration and cheapening of trans-
port, the development and utilisation of natural resources, and
the direction of the sources of power in Nature for the use and
convenience of man. One of the chief fields of engiceering
operations at the present time is to be found wn the Dominion cf
Canada, whose governing authorities have appreciated the fact
that bold enterprise aud genmerous financial pruvision for the
execution of great engineering works are essential to the progress
and prosperity of the country, Its vast extent, its magnihcent
lakes and nivers, its agricultural and mineral riches, its forests, its
unrivalled water power, and many other potentral sources of future
wealth and progress, furnish excepuonal incentives and oppor-
tunities to the engineer. From an early pericd in the history of
Canada this fact been realired, and attempts have been made
w utilise natural advantages ; while the same policy has been
energetically adopted since the Dominion was established forty-
two )earsago. Itisim ble in this Address even to enumeiate
the great engineering works which have been accomplished or are
in ot execution ; and it might be thought impertinent if
the attempt were made by one who has only an outside knowleage
of the facts. On the otker band, it may oe of interest to illus-
trate by means of Cenadian examples whe truth of the general
statement that civil engineering has exercised and must continue
to exercise great influence upon the well-being and development
of the British Empare.

By the kindness of the High Commissioner of Canada, Lord
Strathcona—who has himself done so much for the development
uf the Dominion, including a great part in the construction of the
Canadian Pacific Railway—the writer has been favoured with
official reports and statistics bearing on the subject. These have
been freely used in the statement which follows.

The subject is so extensive, and the time available for this
addrees so short, that it will be necessary to omit detalled
reference to important applications of engineening which are neces-
sarily made, under moaern conditions, in all great centres of
population. Amongst these may be mentioned building construc-
uon, esanitation, water supply, heating, lighting, telegraphy,
telcphony, tramways, electnic generating stations and their plant,
and gas manufacture. No atiempt will be made to aeal with the
important assistance given by engineers to the operations of agri-
culture, mining, ana manufacture, or to the utilisation of the
splendid forests of the Domimion, although the demands for
machinery and mechanical power is, 1n these exceptionally
great, owing to the = of the population and the magnituae
of the work to be dune. Notwithstanding the L:En iwﬁm
and rapid increase of Ii'oopnlntiun, these demands will certainly con-
tinue, and will probably become greater as the area under cultiva-
tion 1s increased, as manufactures are developed, and the natural
resources of 1he country more largely utilised. The example of
the Uuited States places this auucipation beycnd doubt, and

the scope of this address, the field to be traversed is a wide one,
and, without further preface, an endeavour will be made to
describe a few of the most important services which the engineer
bas already rendered to the Dominion and will render in the imme-
diate fature.

RAILWAYS,

It has well been said that the t problem of to-day in Canada
is that of providing ample and cheap trapsport for her agricul-
tural, mineral, and ferest procucts from the interior to the sea,
and =0 to the markets of the world. lmpnrtmt as inland naviga-
tion may be as an aid to this enterprise, 1t cannot possibly compsre
with railway development in actual and potential resulis. Apart
from that development, the one united Dominion must have
remaibed a dream. Thanks to the rapid and efficient inter-
communication furnished by railways, widely scattered provinces
are knit together in friendly and heiptful union literally by ** bonds
of steel,” which stretch frcm the Atlantic to the Pacific, and reach
fartber and faither north each year. Regions which would other-
wise have remained inaccessible and unproductive have been turned
into new provinces, whose fertility and fuiure development it is
nct easy to forecast, and practically impossible to exaggerate.

In this department successive Administrations, both adnn:l !md
provincial, bave realited the facts and possibilities of the position,
and have given substantial assistance to private enterprise in the
execution of great engineering v orks. Progress in railway develop-
ment bas been remarkable since Federation was accomplished forty-
two years ago. During the preceding thirty years the total railway
nileage in operation had been raised to 2278 miles ; in 1887 it was
12,184 miles ; in 1897, 16,550 miles ; in 1907, 22,452 miles. The num-
ber of milesof railway actually under construction in 1407 wascfficially
estimated at 3000, exclusive of lines projected but not yet under
conmract. In 1406, when the lines in operation were 21,353, it was
estimated by competent aunthorities that the railways under
construction, and } rojects for extensions likely to be carried into
effect in the immediate future, reached a total of at least 10,000
miles, while probable further extensions of about 3500 miles w.re
under consideration. Further, it was estimated that the capital
expenditure required to complete these schemes would be about
60 millions sterling. These figures may need amendment, but
there are others representing ascertained facts which equally well
il ustrate the magnitude of the railway interests of the Domiuion.*
The total capital invested in Capadian rsilways in 1907 was
officially reported to be about £234 390,000; the aid given to
railways up to that date by Dominion and Provincial Governments,
and by municipalities, considerably exceeded £36 000,000 sterling
in money; the land grants from the Donimion Governmert
approached 32 million acres, while the Provincial Governments of
Quebec, British Columbia, New Brunswick, and Nova Scotia had
granted about 20} willion acres. The Governments have also
guaranteed the bouds of railway companies to the extent of many
millions of dollars. The capitahsation per mile of railway lines
owned by the Goveroments—amoonting to 1890 miles—is reported
as being £11,400; this is practically the same amount as that for
Indian railways, that for the United States being £13, 600, and for
New South Wales and Victoria about £12,600, For British
railways the figure given is £54,700 per mile. The fre'ght carried
by Canadian railways in 1907 amounted to nearly 63,400 000 tons
—of 20001b.—wbich incluaed about 14,000,000 tons of coal and
coke, nearly 4,500,000 tons of ores and minerais, 10,250,000 tons of
lumber and other forest proauct-, nearly 7,900,000 1oas of
manufactures, and 2,309,000 vons of merchandise. In 1875, when
4800 miles of railway were in operation, the corresponding freight-
tonnage was 5, 670,000 tons ; so that while the length of railway
increased nearly 4.7 times, the tonnage increased nearly 11.3
times. During the same pericd ers increasea from
5,190,000 to 32,137,000, For twenty-eight railways making
returns the average revenue per passenger per mile was 2,232
cents, and for the four principal railways it was 2.07 cents. For
freight fifty-nine railways showed an average rate of 2.328 cents
per ton-mile; and for the five principal railways it was .70 cent
per ton-mile. The average distance travelled by a passenger was
64 miles, the corresponding for the United States
Leinﬂ 30.3 miles. The average distance a ton of freight was hauled
was 183 miles, as 1 102 miles for the United States. In
Canada, as the official reporter remarks, there is a small amount of
suburban railway traffic and a low density of population. The
following table is taken from the official Canadian Railway
Statisties for 1907 : —

For each mile of railway.

Population. Square miles of territory.

United States .. .. .. .. B F ey A
United Kingdom .. .. .. 1821 529
Frames .. . o' en'wd. 11BN 846
New South Wales .. 685 146.09
New Zealand .. .. ae 358 43.42
Yictoria 60 .89
B s v e se, et 10,119 61.09
Canada .. .. .. .. 29 161.8

Canada bhas, therefore, the bhighest mileage measored against
pognlaﬁun and the lowest against territory.

he earliest great railway system of Canada, the Grand Trank,
had its beginm in 1845 ; in 1907 it was working about 3600
miles within the Dominion. In association with the Goveranment
it is now engaged on the construction of the Grand Trunk Pacific
Line, which will cross the continent wholly in Canadian territory,
and have a length of 3600 miles, exclusive of branches.

The story of the Canadian Pacfic Railway is well known, and
need not be repeated ; the influence which 1ts existence and work-
ing have had upoa the prosperity of the Dominion has been enor-
mous and beneficial since its opening in 15885, and experience of its
effect bas led to the promution of other trans-continental lines.
In Jane, 1907, the total length in operation was nearly 9000 miles,
and the company owned in addition great lines of steamships em-
ployed on Atlantic and Pacific services,

e Canadian Northern Railway system represents one of the
most striking esamples of recent railway development in the
Dominion. In 1807 i1t was working nearly 2600 miles in the North-
Western provinces, about 150 miles in Omario, 500 miles in the
Province ot Quebec, and 430 miles in Nova Scotia and Cape Breton,
making a total of nearly 3700 miles. In 1908 its mileage on the
main system was reported to bave increased to nearly 3400 miles,
and the total length in operation had become 4500 miles. The
North-Western Provinces have given substantial assistunce to this
great system, and ils promoters are said to aim at a complete
trans-continental route, as well as the development of raiiway
communication to Hudson's Bay and the establishment of a line of
steamships therefrom to Great Britain. .

Besides these three great railway organisations, which in 1807
controlled about 75 per cent. of the mileage in operation, there
are a large number of smaller companies, making up a total of
about 80. Their total earnings in 1¥07 amounted to £29,350,000,
the total working expenses being £20,750,000. Earnings from
freight service were (in round figures) £19,000,000 ; from
passenger service, £7,837,000; from express services, £655,000;
from mails, £325,000, the balance ing from miscellaneous
items. The total number of persons employed by the railways
was 124,000 ; their salaries and wages amounted to £11,750,000.
It was officially estimated that if to the railway employés were
added persons employed in factories for rolling stock and railway
materials, as weil as those engsged in the casual service and
shipping, with an allowance for their families, ‘* quite 25 per cent.
of I-Eﬂ pulation win their daily bread from the carrying trade”
of the Dominion.

“Most of these statistics are taken from the valuable Report for 1907,
nted to the Minister of Railways and Canals by Mr. Butler, Deputy
inister, and Chief Engineer of the Department.

on a comparison of the proportion of rolling stock to mileage in
Canada IIIP; the United Euﬂ 4 mdumiﬁn increase of rolling
stock is required, and there is a possibility of greater efficiency
being obtained in the utilisation of existing freight cars. The
manufacturing resources of the Dominion are declared to be fully
capable of meeting all requirements, as in 1907 they produced 227
locomotives, 597 passenger cars, and 13,350 freight cars. A
reduction of grades and curvatores has been carried out on the
rincipal railways in recent years, and this has rmitted the
E-nling of heavier loads. It is estimated that in ] 7 the aver
earnings per ton of freight hauled were 1.472 dols., and the
average earpings per passenger carried were 1.219 dols. The
earnings train mile were 1.953 dols., and the working ex-
nses 1.581 dcls. The total earnings per mile of railway were
5;35‘&1 dols., and the working expenses were 4620.9 dols. The
working expenses were divided as follows in the official report:—

Maintenance of way and structures.. .. .. 20.13 per cent.
o equipment .. .. .. .. 20.88 -

Conducting transportation.. .. .. .. .. 9.2

General expenses .. .. .. R L T

Allowing two cotds of wood fuel to be equal to one ton, 5,608,000
tons of %nal—of which 5,578,000 tons were coal—were consumed
by Canadian railway locomotives in 1907 in running 100,155,000
miles, The total cost was about £3,027,500, equal to 14.3Y per
cent. of the working exfenses. ) _

From this brief summary of facts some idea may be gained of the
rapid development of Canadian railways, their immense capital
value and traffic, and the remarkable influence they have had vpon
the progress and population of the Dominion. It is a matter for
satisfsction tbat British capital and engineering skill have con-
tributed in no small measure to produce this development, and it
may be hoped that in the future they may render even greater
service.

INLAND NAVIGATION,

The most important system of inland navigation which Canada
possesses is primarily d ue to the existence of the Great Lakes and the
St. Lawrence River ; but the utilisation of these natoral advantages
and the construction of a continuous navigable channel from the
sea to the head of Lake Superior is due to the work of engineers.
The importance of such a navigable waterway leadiog to the heart
of the Dominion was recognised long ago by the Government.
The first canal is said to bave teen opened in 1821, and from that
time onwards the canal system has been developed, but the
greatest progress has been made durivg the last furt_; years under
successive Administrations. Up to March 3lst, 1907, the capital
expenditure on Canadisn canals, exclusive of outlay by the
Imperial Government, has approached £18,350,000 sterling, of
wbich more than ten millions have been spent on enlargements.
Besides minor canal systems, many of which are important, a great
“ trunk system " of water transit has been created from Montreal
to Port Arthur, at the head of Lake Superior, this all-water route
being nearly 1300 miles in leogth, baving a winimum depth of
water of 14ft. and effecting a total vertical rise of about 600ft.
from tidal water in the St. Lawrence to Lake Superior. In order
to effect this rise forty-nine locks are provided, most of which are
270ft. long and 45ft. wide, enabling vessels 255ft. long to be
accomm.dated. Out of the total length of more than 1200 miles
only 734 miles consist of artificial channels. The Wellard Canal,
connecuing Lakes Erie and Cntario—with a total rise from lake to
lake of 327ft., effected in twenty-five locks—is 26§ miles long.
This canal dates from 1821 ; its eniargement to present dimensions
was begun in 1872, and occupied fifteen years ; the total expendi-
ture on the canal has been nearly five and a-half millions sterling.
Another important section of the waterway is the Sault Ste. Mare
Capal—about 6000ft. in length and from 142ft. to 150ft. wide
between the pier ends, with a lock 900ft. long, 60ft. wide, having
20}ft. «f water over the sills,. The difference of level between
Lakes Superior and Huron is 18ft. Commenced in 15888, the Sault
Ste. Marie Canal was opened for traffic in 1805, the cost being
about £930,000. Like its predecessor on the United States side of
St. Mary's River—the so-called *‘ Soo " Canal affords free
for the ::nlllil‘u of both m;-;lh:;jﬂ, In 139? lbuuli; two mﬁru;

uatrter millions represen e tonnage of vessels passing o
l:'.ll:m Canadian Canal, and of this total about 403,000 tons was E'iu
Canadian vessels. In 1907 the total tonnage had risen to 12,176,000
tons, of which 2,288,000 was in Canadian vessels. The Soulanges
Canal is 14 miles long, with a rise of 84ft., effected in four locks.
Commenced in 1892, it was opened for traffic in 1889, and cost
nearly £1,400,000. The Lachine Canal was commenced in 1521,

ed in 1843 and 1873, and, as completed in 1901, is 8} mmles
long, has 45ft. rise, effected in five locks, and has cust from first to
last about £2 300, 000.

In the construction of this great waterway many difficult engi-
neering problems have been solved, and every modern improve-
ment has been introduced ; electricity bas been utilised in its
equipment, both for power and lighting, so that navigation can
proceed by night as well as by day. For the years 1903-7 the
canals were declared free of tolls, but it is estimated officially that
if tolls on the ordinary scale had been collected, the revenue for
1907 wonld have exceeded £91,000. In these five years the water-
borne traffic of the Dominion increased from 9,204,000 tons in 19803
to 20,544,000 tons in 1907 ; in the same od the increase in
Canadian railway traffic was from 47,373,000 tons to 63,866,000
tons. The official repurter justly remarks that ‘‘ thesa results are
exceedingly encouraging.”

It was recognised long ago that the utilisation of the waterways
of Canada from the Great Lakes to the sea would yield consider-
able advantages by facilitating cheap rt of agriculcural

roducts of the ferule regions from the great North-West, bat the
gtn.ldiu.n rtions of that territory were then regarded as ‘‘a
great lone land.” Subsequent gdevelopments of the corn-growing
regions of Canada have emphasised the value of the water route
and its great potentialities. In bis * History of Merchant
Shipping ” (published 1876), Lindsay dwelt upon this point, and
foresaw thac if the waterways of Canada were made continuously
navigable, a s le for supremacy in over-sea trade must
arise between New Youk and the Canadian of Montreal and
Quebec. The s le is now in full force, so far as the ]
trade is concerned, and it is likely to grow keener. The gquantity
of in passed down the whule length of the St. Lawrence nawn-
gation to Montreal increased from about 450.000 tons in 1906 to
655,000 tons in 1907, while the quantily carried to Montreal by
the Canadian Pacific Railway was about 387,000 tons for 1906 and
384,000 tons for 1907. On the other band, the quantity carried
by canals in the United States to New York fell from 284,500 tons
in 1906 to 230,800 tons in 1907.

An important addition to the Canadian canal system has been
proposed, and its execution will probably be undertaken when
great works now in progress bave been completed. This route
extends from Georgian Bay on Lake Huron to the St. Lawrence, and
would utilise Lake Nipissing as well as the French and Ottawa
rivers, The distance to be traversed would be 450 miles, less than
that of the present all-water route. On the basis of careful
surveys it has been estimtaed tbat a canal having 20ft. depth of
water could be constructed at a cost of twelve millions sterling,
upon which capital a reasonable dividend could be paid, even if
the charges made for transport were one-third less than the lowest
rates of treight possible on the United States routes to New York.
It would, of course, be most admtnqoous to have the available
depth of water increased from 14ft, to 20ft., thus making possible
the employment of larger and deeper draught vessels between the
Lakes and Montreal. Considerable economies in the ratio of
working expenses to freight earnings would be effected, break of
bulk in transit to the sea wounld be avoided, and the cost of trans.

port greatly reduced.
The magnityde of the grain trade and its growth may by
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illastrated by the following figures for recent years:—In 1897 the | Quebec the channel is 1000ft. wide.

?m cargoes gluad down the Welland Canal to the ports of | stated that the cbannel remains
ingston and Prescott numbered 377 and represented 515,000

tons ; for 1907 the corresponding figures were 518 cargoes

weighing 841,000 tons. As to ths elevators and mechanical
appliances for handling economically these huge quantities of
grain, nothing can be said here, although they involve the solution
uf many difficult engineering problems, and have been greatly
simplified and improved as experience has been gained. y
The balk of the canal traffic, of course, moves eastwards and
outwards from the interior provinces. For example, of the total
qoantity of freight (1,604 311 tons) passed through the whale
length of the Welland Canal in 107, about 75 per cent. moved
eastwards, and more than 62 per cent. of the 2,100 000 tons which
gg.s.iagu through the St. Lawrence canals moved in the same
irection.

SHIPPING ON THE GREAT LAKES.

Capadian shipping and shipbuilding on the Lakes have made
considerable progress in recent years, although they do not rival
those of the United States. According to aunthoritative state-
ments, there were not twenty Canadian steamers engaged in the
transport of grain fifteen years ago ; only three of these were steel
built, and the largest carried on.y £0,000 bushels. The total
carrying capacity of Canadian grain-carriers at the present time
has been estimated at ten million bushels, and the capital invested
in the fleet is said to be about three millions sterling. Between the
harvest and the close of nnvi%:tinn in winter it is estimated that
1o less than sixty million bushels of grain can be moved from port
to port in Canadian steamers.

Many special engineeriog features have been introduced into
the structures and equipment of these Lake grain-carriers. They
are really huge steel barges of full form, of uniform cross-section
for a cunsiderable portion of their leogth, and they

S8
enormouns cargo capacity, moderate engine power and speed, with
structures of a simple nature which can be largely standardised

and made to resemble bridge construetion rather than ordinary
shipbuilding. They can be built in a chort time, the largest
vessels occupying about four months in construction. In this way
the cost of construction is cheapened, but the rates for labour and
materials prevailing in the Like shipyards are so high relatively
to British costs that at present these grain carriers are said to cost
about lﬂrd?er cent. more (per ton cfudwa' ht carried) than the
cost of ordinary “* tramp " steamers built in Great Britain. Their
holds and hatchways are arranged so as to facilitate the rapid
shipment and discharge of cargoes. At their ports of call special
mechanical appliances are provided for dealing with cargoes, most
of which consist of grain, ore or coal.

In the design and construction of these cargo-handling appli-
ances the mechanical engineer has displayed great ingenuity, and
the results obtained in rate of shipment and discharge of cargoes
of grain, ore and coal are remarkable, Cases are on record where
vessels carrying 7000 tons deadweight have been loaded in four
hours and discharged in ten hours; more than 5000 tons of ore
bave been discharged in abont four hours. The draught of water
of the steamers must be kept within moderate limits and the
breadths of the locks are moderate, so that increase in carrying
power must be chietly obtained by increase in length ; con-
sequently, as individual are increased, a ter number
of lifting appliances can be brought to bear simultaneously, and
the rate of loading or discharge can be maintained or accelerated.

The season of navigation extends over onmly seven or eight
months in the year ; consequently, *‘quick despatch " is essential
to snccess. A large vessel of this class has the following approxi-
mate dimensions :—Length about 600ft.; breadth, 58ft. to 60ft.;
depth, 32ft.; draughtof water, 19ft. to 194ft. when carrying
10,000 to 11,000 tuns of ecargo; corresponding displacement,
16,000 tons. The engines of such a ship develop about 2000 horse-
power, and drive her at eleven to twelve statute miles per bour in
fair weather. The large size and moderate result in very
economical conditions of working, and the freight rates are
Hlﬂﬂtdin%lj low. From official returns it appears that for these
deadweight cargoes the freight per ton-mile across the Lakes is
from .04 to .05 of a penny per ton-mile, the corresponding railway
rate being about ten times that amouat. The multiplication of
this type of vessel on the Great Lakes is a proof that it
satisfactorily fulfis the conditions of service, Similar vessels
would not be well adapted for ocean work, which demands greater
structural stiength, different proportions, and a more liberal
equipment ; bat shipbuilders generally may benefit from a stady of
the e steamers.

Toe greater portion of the traffic on the Lakes passes through
the “*Soo” canats. Thevoyages are comparatively short, the average
length of the trip being about S840 miles, Consequently, iadi-
vidual vessels make several es during the season when
pavigation is open, and the total number of ps , as well as
the total aggregate tonnage of the ships, reaches very high figures.
In the seasoa of 1907, for example, when the canals were open less
than 240 days 20,440 vessels—counting as a vessel each a—
with an a ate registered tonnage exceediag 44 million tons,
passed througa the United States and Canadian canals at the Soo.
The aggregate freight tonnage carried exceeded 58 million tons,
the weight of coal approached 11} million tons, the iron ore
carried weighed 39,600,000 tops, and the in transported
amounted to 136 million boshels. The conditions of the Suez
Canal are, of course, entirely different, as vessels ing through
are engaged on long voyages, and individual sbips make few

in the year. On the other hand, Suez Canal traffic pro-
ceeds uninterruptedly throughout the year, while the Soo canals
are closed during the winter months. Subject to these differences
in working conditions, it may be of interest to state that in 1907
4267 veesels of 14,728 000 tons through the Suez Canal,
and paid transit dues which amounted to £4,460,000, whereas the
passage of the Soo canals was free.

THE ST. LAWRENCE SHIp CHANNEL.

Closely allied with the waterway from Montreal to Lake Superior
is the improvement of the channel of the St, Lawrence from Mon-
treal to Quebec and beyond towards the sea. From the Straits of
Belleisle to Mcntreal the distance is 986 miles; from Quebec to
Montreal it is 160 miles. Formerly the minimam depth of water
between Quebec and Montreal prevented the e of vessels
drawing more than 10ft. to 12ft. during the greater part of the
season of pavigation. In 1826 the question of deepening the river
channel was raised ; in 1844 the work was n, but was aban-
doned three years later ; in 1851 it was resumed, and has since
been continued. In 1869 the minimum depth of the channel at
low-water was increased to 20ft.; in 1882 it was 25ft.; in 1888
274ft. for 108 miles from Montreal toa point within tidal influence.
A channel having a minimum width of 450ft., and 550ft. to 750ft,

 Mini- | s
— ‘lgngth.i ';:;::’Illl. Minimum breadth. | E?;rm
| miles. | . fr. cubic yards.
Suez Canal .. .. - 100 29 100 (bottom) —
Panama Canal © |a ([Z0Eoiee } 800,00
St. Lawrence Channel | 220* | X0 { lg EHE}} 70,000,000

* Length of channel requiring improvement demands dredging and
excavation over a length of about 70 miles.

wide at the bends, with a minimum depth of 30ft., was completed
in 1906 from Montreal to tide water at Batiscan. Certain work
remains to be done between this point and Quebec in order to com-
plete the project adopted in 1889 and amended in 1906, but it 1s
aaticipated this will be finished in about four years. Below
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When once dredged it is
rmanent. Accidents in the
channel sre few. The superinteoding engineer, in his Keport of
July, 1908, indicates the magnitude of the work done by compan-
SOD= ;it.h the Saez and Panama Canals, the figures standing as
in table.

In 1844 the largest vessels navigating the St. Lawrence to Mou-
treal were of 500 tons ; now the Virginian and Victorian, of the
Allan Line (12,000 tons), and the Laurentic and Megantic, of the
White Star Live (15,000 tons), proceed to that port, and have
made the passage from Qubec inguas than ten hours. Ordinarily
this passage occupies eleven to twelve hours, the return passage
being made in nine to ten hours. '

[a the execution of these great works a specially designed
dredgiog plant, including several types, bas been employed, and
works anut. seven months in the year, and the rock dredging and
blasting in the section below Quebec has involved great difficulty.
The total amount of rock to be removed amounted to 1,700,000
cubic yards, extending over nearly three miles, and the whole
bottom was covered with huge bou'ders, some of which were 30 to
40 tons in weight. 'I'hese great masses had to be lifted before
blasting and dredging was done. Doring the fiscal year 1907 8
the ecpenditure on dredging plant and dredging was nearl
£132,000, and 4,832,000 cubic yards of material were removed.
At the close of that year 56 millions of cubic yards out of the
estimated total of 70 millions had been d : the length com-

leted to 30ft. minimum depth was 59 miles out of 70 miles.
ese facts indicate 1he advanced condition of the undertaking, and
the prospect of its completion at an early date,

In order to secure the safe and continuous navigation of this
channel by night as well as by day, under all conditions of weather,
during the season when the river is open, every precauntion and aid
which engineering skill and invention can provide has been laid
under contribution. A wmarine signal service with telephonic
equipment bas been provided ; submarine bells have been esta-
blished for use in foggy weather ; a complete system of buoys and
lighting has been installed ; the I:I:im:um'n{J is periodically examined
and swept to ensure that there are no obstructions ; the question
of prolongation of the season for navigation by the use of ice-
breakers 1s being studied. Tbe harbour of Moatreal has been
greatly improved in accommodation and equipment, and the aggre-
gate tonnage, ns well as average size of sea-going vessels, using the
port have been much increased. [n 1898, 868 such vessels aggre-
gating 1,584,000 tons arrived at Montreal ; in 1907, 742 vessels

aggregating 1,926,000 tons arrived. Of the latter, 522 wvessels
aggregating 1,525 000 tons were British. At the St. Charles

Docks and Wharves, Quebec, in the season of 1907, 235 vessels of
1,009,000 tons were entered inwards, and 67 vessels of 249,000 tons
outwards, the first outward steamer leaving on April 7th, and the
first ocean steamer arriving on April 26th. The last arrival from
the sea was on December 9th, and the ice formed in the tidal
basin on December 12ch.

Still further improvements of the St. Lawrence navigation are
now proposed, and the work was commenced in 1907. It is
intended to increase the depth of the channel to a minimum of
35ft. from the sea to Montreal, and the superintending engineer
reported in 1008 that with certain moderats additions to the
dredging and steam plant this work could be completed in six
seasons, The widths and curves of the existing channel will not
require any important changes, as they were desigoed from the first
for the largest classes of steamships. When this increased depth
bas been obtained Montreal as a port will have an approach
channel comparing favourably with that of other ports available
for transatlantic traffic. At Southampton the existing depth at
low water in the approach channel is about 32ft., and it is proposed
to obtain 34ft. At Liverpool the minimum depth at low water
over the bar and in the approach channel in the Mersey is about
258ft. The Ambrose Channel leading to New York is to have 40ft.
depth at low water when the works are completed. Ample depth
of water is of the first importance in the economical working of the
largest and swiftest ships, and the Canadian Government has been

well-advised in deciding to carry out the great scheme above
described.

WATER-POWER.

Canada has anrivalled resources in water-power, and its extent
and possible utilisation have been made the subject of investigation
by engineers for many years past. One of the most important
memoirs on the subject was presented to the Royal Society of
Canada in his presideatial address of 1809 by Mr. Keefer, C.M.G.
In recent times many other engineers have studied the subject and
carried out important works. Exact knowledge of the total power
represented by the waterfalls and rapids of the Dominion is not
available, nor can any close estimate be made of the power which
may be employed hereafter in factories, mills, or industrial
processes, because profitable employment obviously depends upon
commercial considerations, which must be governed largely by the
localities in which water-power may be found, and the cost of
works and of transmission of energy to places where it can be
utilised. It has been estimated that on the line from Lake
Superior through the chsin of Jakes and rivers leading to Niagara
and theoce throogh the St. Lawrence to the sea eleven millions
borse-power msy be developed.* Mr. Langelier has estimated
that in the Province of Quebec the water-power aggregates more
than eighteen millions horse-power ; other provinces all
large resources of the same kind as yet nntouched. The most
stnking example of the utilisation of water-power is that on the
Niagara River, which the writer had the fortune to visit in
1904 duriog his Presidency of the Institution of Civil Engineers ;
the works on the Canadisn side were then in full progress, and at
a stage which enabled one to realise completely their great
difficnity and immense scale. The three companies whose works
are near the Falls on the Canadian side have provided for a total
ultimate development of over 400,000 horse-power, and a fourth
establishment lower down the river, intended chiefly for the use of
Hamilton, is to develop 40,000 borsze-power. In the construction
of the works, in the electric generating plant, the arrangements
for transmitting power over long distances, and other features of
importance, remarkable engineering skill and daring have been
displayed. American capital and enterprise have had much to do
with these undertakinge, as they have with many other important
Canadian enterprises ; but it may be hoped that British capital
will keep its | and be freely employed in the development and
utilisation of all the resources of the Dominion, including that
magnificent asset its water-power. The applications of water-
power are already very numerous, includ not merely the
creation of electrical energy and its use for lighting and power in
towns and factories sitnated at considerable distances from the
Falls, but for manufactures and industrial processes carried on
near the Falle. Amongst these manufactures, that of alumiviom
and carbide of calciom may be mentioned, while paper and pulp
mills and saw mills constitoate important industries. Great
advances have been made in the transmission of electrical power
over long distavces, and very high pressures are being used,
Electric traction on railways and tramways also derives its power
from the same sources, and is being rapidly developed. In 1901
there were 553 miles of electric railways, and in 1907 815 miles.

(To be continued, )

It is stated in the Industrial World that the Pittsburgh
Department of Public Works has prepared plans for a reinforced
concrete bridge in that city. The structure will be 630ft. long,
with a roadway of 60ft., and 10ft. sidewalks. The main span
be 300ft., and will stand 115ft. above the boulevard.

* The limes Financial Su ment, April 2nd, 1906, contains a valu-
:fkl' article on this subject, from which many of the above figures are
en. :

AND GENERAL TRADES

SN N i WOLVERHAMPTON, AND

OF BIRMINGHAM,
OTHER DISTRICTS.

(From our own Correspondent.)

Pig Iron Revival. 'y h
THE revival in the pig iron trade of this district con-

tinues, and most producers of raw material are now in a stroog
position, and refuse to enter into forward commitments except on
terms considerably better than those current for prompt deliveries.
Prices of all brands are firm, and on 'Change to-day (Thursday) in
Birmingham the expectations noted last week that the improve-
ment will develop into a good autumn trade were repeated. Con-
sumers of raw material have been covering, in view of the possibility
of a further advance in prices, and to-day some further good orders
were placed at enhanced rates. Prices were fully 6d. per ton
dearer on the week, and in some cases an increase of 1s. 6d. was
named, but in these latter instances the figures quutac:l I:Illt}f’_hﬂ
taken rather as an indication of the strength of makers position
than as an actual business figure. Derbyshire forge iron Was

woted 50s. per ton ; Northampton forge iron, 47s.; Lincolnshire,

1s.; South F:‘gtaﬂurdshira -mine iron, 49s. 6d. to 50s.; and
common forge iron, 46s. 6d. North Staffordshire iron Was worth
about 50s.

here was some atiffanin{ of quotations for Stafford-
shire all-mine and cold-blast qualities, but no actunal change 1s at
present announced on the former figures of 80s. to 8ls. for best all-
mine and 110s. cold-blast. As the market closed to-day some
brands of both Staffordshire and Midland pigs were withdrawn.
It is not at all unlikely that prior to the October quarterly meet-
ings all-mine iron will be put up—at least, if the revival holds.

Manufactured Iron Outlook.

Finished ironmasters attampted to-day in Birmingham to
get some advance on rolled iron to compensate for the dearer
situation in raw material, but they were successful in only few
instances. Should the returning confidence in the pig market be
continued, however, manufactured iron consumers here must soon
have to concede better values, icularly now that Scotch and
Cleveland pricas have advanced 5s. to 7s. 6d. per ton. Unmarked
bars were £5 17s. 6d. to £6, second grade marked bars £7, and
best ditto £8 per ton. A fair number of inquiries have coms to
hand recently in connection with the renewal of bar contracts, but
sales for early delivery have not expanded to any large extent.
Hoop iron is still £6 15s., and rivet iron £6 15s. to £7.

Galvanised and Black Sheet Trade.

Black sheets for galvanising and merchant purposes show
little improvement, and makers are pressing for orders at
£7 2s, 6d. for 24 w.g. sheets, though £7 5s. is still maintained as a
nominal quotation. Sheets of 2C w.g. are £7 and £7 2s. 6d , and
27 and 28 w.g. £7 15s. to £7 17s. 6d. Galvanised sheets continue
the subject of severe internal competition amongst the makers,
associated and non-associated. The Welsh and other coast firms
are carrying off the bulk of the orders; £10 10s. to £11 and
£11 5s, are regarded as the general quotations of the market for
doubles f.o.b. Liverpool or equal-distance outports. Large
London exporters in particular, however, declare that they will
not give £11, and they call it an ‘‘absurd " price in the present
severe price-cutting situation. The present position of the indus-
try is a most unenviable one, and no one can tell how the war of
competition will end.

Tube Strip Prices.

The long depression has been very trying to makers of
gas strip, and the slackness of trade lends colour to some of the
statements which are frequently made in connection with the Gas
Tube Strip Association. It has been suggested that though an
official minimum has been in existence, members have devised
means of evadiong it, while in other quarters it has been asserted
that no hard-and-fast minimum was arranged. It is now once
gnin reported that a reduction of 5s. has been declared, making

e price £6 per ton, less 2} per cent., and it is also said that fora
considerable time past members of the Association have been
accepting business at £6, less 2} per cent. These statements have
been officially denied. Unassociated makers, however, have been
selling at less than £6 per ton for a long time, and the general
belief of the market now is that the combination firms have also
been authorised to do so. The great trouble in this trade is, of
course, Belgian competition and the fear that is entertained of its
renewed outbreak. So long as this trouble threatens native prices
are certain to be easy and open to manipulation by buyers. isely
enough, the Staffordshire makers are atarmineg to keep out the
Belgians at any cost.

Steel Trade.

! Crude steel is firm at the prices lately stated. There
1s rather more activity as regards sections, but values remain un-
changed. Bessemer sheet bars are £4 12i 6d. for Bessemer to
£4 15s. for Siemens. The advance of 5s. per ton this week in steel
plates in the West of Scotland and on the North-East Coast is
received with much satisfaction by local steel makers, who con-
clude that by lessening the severity of Scotch and Cleveland com-
petition the advance will strengthen Midland prices. Staffordshire
mild steel bars are quoted £6 7s. 6d. to £6 17s. 6d., angles £5 10s.
toh:i é_ﬁa.. girder plates £5 16s. to £5 17s. 6d., and boiler
P I

NOTES FROM LANCASHIRE.

(From our own Correspondent.)

MANCHESTER, Thursday,
Sharp Advance in Pig Iron.

THE predictions of the few weeks with regard i
iron have been more than fﬂl‘iﬂﬂg‘;tj' the advances of the ps::l Eg
days. Up to Friday they seemed to be confined mainly to
warrants, but under the influence of strong American advices,
something like a ““boom " has set in, not only in this centre, but
thronghout the country generally. This is not confined to one
brand of iron, but all classes have participated, and a good trade
during the autumn seems now to be assured. There was a good
ittoll::ﬂlnmu on the Iron Exchange on Tuesday, and the under
current was admittedly » _Prices advanced rapidly, Middles-
brough and hematite taking the lead. Lincolnshire on Friday
was officially advanced 6d. per tb:ihul; merchants held out for 1s.
and even ls. 6d. was freely talked of. Derbyshire and Stafford.
:}h:'t.hf:q:::fh llttﬂl:1 fﬂl}hul_:gh, rhaps, not 1; the same extent.

1 e following advances ma noted :—L.incoln-
sh!u, 2s, 6d.; Staffordshire, 2s. to 2s, rﬁ:l.; D:gynhira, 1s.;
Middlesbrough, 2s. to 25 6d. Scotch: Gartsherrie, 1s. 9d..
Glengarnock, 1s. 6d.; Eglinton, 1s. to 1s. 6d.; Dalmelling s,
to 1s. 6d.; West Coast hematite, 25, 6d.; East Coast ditto, 1s. 6d.
to 2s, 6d. per ton. F pears to have been in better

‘ orge iron
inquiry, and closes about 2s. to 2+ 6d. per ton higher on the

month,

Finished Iron and Steel.

There is no ¢h to note in the first
steel and steel products the feeling is mo:;md'fﬁm

advance, however, has not been followed here, althou i
stated there is an ﬁpwnd movement in marine Eﬂu plntE: "

Copper, Sheet Lead, and Tin.
Tough ingots higher, but manufactured unchanged,
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Sheet lead : Easier,
£2 per ton.

Quotations.

Lincolnshire, No. 3 foundry, quoted 54s. 6d. to 5Hbs.:
Staffordshire, 53s. 6d. to 54s.: Mrhyghirg, ods. 6d. to 54s.; Mid-
dlesbrough, open brands, 60s. to 90s. 4d. Secoteh: Gartsherrie,
60s. 6d. to 60s. 9d.; Glengarnock, 60s. 6d.; Eglinton, 59s. to
5%s, 6d.; Dnlmelhn._gbon, 08s, 6d. to 59s., delivered Manchester.
West Coast hematite, 6ls,; East Coast ditto, 57s. 6d., to
58s. 6d. both f.o.t. Delivered Heysham : Gartsherrie, 583 6d.
to 58s. 9d.; Glengarnock, 58s. 6d.; Eglinton, 57s. to 57s. 6d.;
Dalmellington, 56s. 6d. to 57s, Delivered Preston: Gartsherrie,
H9s, 6d. to 59s, 9d.; Glengarnock, 59s. 6d.; Eglinton, 58s, to
58s. 6d.; Dalmellington, 57s. 6d. to 58s. Finished iron: Bars,
£6 10s.; hoops, £7 12s. 6d.; sheets, £7 15s. to £8. Steel: Bars,
£6 2s. 6d. to £6 bs.; Lancashire hoops, £7 5s.; Staffordshire ditto,
£6 17s. 6d. to £7; sheets, £7 17s. 6d. to £8; boiler plates,
£7 2s. 6d.; plates for tank, girder, and bridge work, £6 Bs,:
English billets, £4 12s. 6d. to £4 15s,; foreign ditto, £4 10s.
to £4 12s, 6d.; cold-drawn steel, £9 5s. to £9 10s. Copper:
Sheets, £72; tough ingot, £63; best selected, £63 per ton.
Copper tubes, 8id.; brass tubes, 6id.; condenser, 7id.; rolled
brass, 64d.; brass wire, 61d.; brass turning rods, 6id.; yellow
metal, td. per lb. Sheet lead, £16 15s. per ton. English
tin ingots, £135 10s. per ton.

Tin: Eoglish ingots again dearer by about

The Lancashire Coal Trade.

There was a better attendance on the Coal Exchange
than usual, but owing to the open weather, and the Lancashire
holidays, actual business continued dull. There is no change to
report in either demand or official quotations.

BARROW-IN-FURNEss, Thursday.
Hematites.

The improvement in the hematite pig iron trade referred
to last week has been further demonstrated, as not only has the
demand from several sources increased, but buyers bave been
making inquiries for fuller deliveries at forward dates, a good in-
dication of their idea that before many weeks are over there will
be a bigger trade done at fuller prices. Indeed, prices which
began to move last week have shown a further upward
tendency this week, and now makers are quoting 6ls. to
62s. for mixed Bessemer numbers net f.o.b., and warrant
sellers are asking 59s. 9d. net cash, boyers 58s. 6d. There
is much more business in the hands of makers, and they are
preparing to put additional furnaces in blast. Two furnaces at the
Solway Works, belonging to the new Cumberland combination,
are to be lighted at once, and it is probable that other furnaces in
the Furness district will shortly be put into operation. A better
business is being done in special hematite iron, and makers are now
quoting up to 63s, for this high graded metal. Several of the
makers of iron have taken up the work of making special hematites
according to specifications supplied. Only the best of raw material
is used for this purpose, and it is believed that, in future, those using
this class of iron for pur in which the most reliable article is
essential will prefer to specify what they want now that they know
they can get it. Ferro-manganese is selling better, and there is a
good trade in spiegeleisen. Iron ore is in better inquiry, and the
best classes are most sought after, Prices range from 1ls, to
17s. 6d. for ordinary and best net at mines,

Steel.

There are much better prospects in the steel trade, and
the rail mills are better employed than they have been of late, and
orders are coming in more freely. There is also the prospect of a
revival in the demand for steel shipbuilding ma.tariaf. Prices are
somewhat higher, in harmony with the advance in the price of iron.

Shipbuilding and Engineering.

Shipbuilders are quoting for some new work which is now
in the market, as they are anxious to get orders to keep their
works going during the winter months. Prospects for next spring
are satisfactory. Engineers are short of orders in the marine
department,

Shipping and Coal.

More activity i1s shown in the shipping trade. The
exports of iron and steel last week from West Coast ports were
15,297 tons—7728 tons of iron and 7569 tons of steel—as compared
with 8830 tons in the corresponding week of last year, an increase
of 6367 tons. The aggregate of exports to date this year has
reached 390,120 tons, compared with 320,620 topns in the corre-
sponding period of last year, an increase of 69,509 tons. Coal and
coke are firmer and in rather better sale,

THE SHEFFIELD DISTRICT.

(From our own Correspondent.)

The Coal Trade.

As to demand, the coal trade at the present time is very
active, but, unfortunately, the difficulties arising from ‘‘ Feasts,"
the Eight Hours Act, and pit boys are affecting adversely the
working at the collieries. There is considerable unrest as to the
results of the working of the Act in particular, the men not earn-
ing what they think is sufficient money and the new arrangements
necessarily causing zome friction. Barnsley is the ‘* head-centre ™
of the ‘‘ Feast " institution, and the bholidays extended from last
Saturday to Tuesday night, in some instances a little longer.
Advantage is now taken of this holiday time more largely than
used to be the case for going to the seaside, the different railway
companies encouraging the colliers’ exodus by liberal inducements
in the way of travelling facilities,

House and Steam Coal Firm.

Though the absence of householders at the seaside and
other resorts naturally tells upon the call for coal, business con-
tinues steady, and stocking orders are freely forthcoming, mainly
for the higher grade qualities. Rather less is being done with
London merchants, dehiveries on contract account showing some
shrinkage, due, no doubt, to the holiday influence. (Qoutations ara
maintained for best Barnsley at 11s. 6d. to 13s. per ton at pit;
secondary descriptions from 10s. to 1ls, per ton at pit. Steam
coal is as actively inquired for as ever, the briskness in shipments
being expected to continue to the end of the season. For the
last week or two the weight forwarded from Hull has not been
equal to that for the corresponding week of last year ; but this
has been largely due to the lessened quantity sent to Sweden
during the industrial trouble there. Now that this is settling
down, the return will, no doubt, soon begin to show different
results, The last issued, however—for the week ending 17th
August—shows the coal exports from Hull to have been 68 196
tons, compared with 85,698 tons for the similar week of 1908,
Cronstadt again resumes first place in the list with 11,022 tons,
Rotterdam coming second with 7099 tons, and Hamburg third with
6586 tons.

Small Coal and Coke.

The better qualities of small coal keep in good demand,
and values are fully maintained. In coke the hardening ten-
dencies noted last week are still evident, and values are firmly
maintained at the advanced quotations then given, best washed
coke making from 1ls, to 1l1s, 6d. per ton, unwashed 10s. 6d. to
11s, per ton,

Iron—Derbyshire again Advanced.

Producers of pig iron are asking higher prices than have
been ruling for some weeks back. This is rather in consequence
of a more hopeful feeling in trade than owing to actual demand,
though there has been increased buying for local purposes, more
especially in hematite, cf late. Supplies wanted for forward
delivery can only be obtained at an advance of 1s. to 2s, a ton.
For Lincolnshire the official quotations remain, but prices are
stiffening, and makers are not disposed to sell freely even at pre-
sent quotations, believing that before long, as trade improves,
better values will be obtainable. Lincolnshire, No. 3 foundry,
50s, 6d. per ton ; No. 4 foundry, 49s, 6d. per ton; No. 4 forge,
49s, 6d. per ton ; No. 5 forge, mottled and white, 49s, 6d. per ton ;
basic, 50s. Gd. per ton net, delivered in Sheffield and Rotherham.
Derbyshire irons are advanced another shilling a ton, No. 3
foundry being now 51s, per ton, and No. 4 forge H0s. per ton net,
delivered in Sheffield and Rotherham.

Bars, Hoops, and Sheets.

Quotations unaltered. Bars, £6 10s. per ton; hoops,
£7 10s. per ton ; sheets, £8 10s, per ton,

The Heavy Industries.

There is nothing fresh to report in the steel trade, which
continnes languid for all markets, at home and abroad. KEogineer-
ing establishments are still inadequately employed, and will
remain in that condition until there 1s greater activity on the part
of railway companies and shipowners. A hopeful sign in the latter
direction is the report that more vessels are being employed. The
strike in Sweden is practically over, and its effects have not been
felt much, except by several firms who are large users of Swedish
iron, and even these, having considerable stocks, were only tem-
porarily inconvenienced. During the past few days paragraphs
have appeared in the papers with respect to large orders from the
British and other Governments given, or to be given, to the
Coventry Ordnance Works, Limited. These would be very welcome,
both at Coventry and at Sheffield, where the firms of John Brown
and Co. and Cammell, Laird and Co. are much interested as the
principal proprietors. The work would, no doubt, be of a heavy
character, and provide a considerable amount of employment to
the Sheffield works in the early stages. The order recently placed
in Darlington for 500 40-ton all-steel bogie freight wagons for
Argentina 1s of considerable importance to this district in these
times of small orders and simple replacements, and, it is antici-

pated, will add materially to the requirements of several makers
of axles, tires, and springs.

Colliery Development in South Yorkshire.

Sinking operatiops are to be begun, within about a
month’s time, at a new colliery at Thorne Moore, three miles from
Thorne. It is expected that the famous Barnsley bed of coal will
be found to be 9ft. thick, and of rich quality ; but it will not be
reached until at a depth of 920 yards. Messrs, Pease and Co. are
the owners, and Messrs. J. Eaton and Son are the sinkers.
Messrs. Eaton sank the new pit at Bentley, nearer to Doncaster,
where the Barnsley bed was reached at a depth of 623 yards.
The two shafts for the new Thorne colliery will each be 22ft. in
diameter inside the walling. It is estimated that when coal is
reached, and operations are in full swing, there will be work for

between 3000 and 4000 employés, and that an output of 4000 tons
a day will be obtained.

Derwent Valley Waterworks.

Mr. O. B, Steward, clerk to the Derwent Valley Water
Board, has issued a report showing the progress of the works.
The period covered is the three moaths from March to June. At
the Bole Hill quarries 271 men are employed, and up to the 10th
of June 1,071,712 tons of stone had been obtained. At Howden
reservoir 443 men are engaged, and on the Derwent dam 332,
The work at both these places is proceeding satisfactorily. The
Howden dam will be 1050ft. long, and the reservoir 1} miles in
length, its capacity being 1886 million gallons, The Derwent dam
will be 1110ft. long, and the reservoir 1§ miles long ; its capacity
2000 million gallons. All the other works are making satis-
factory progress. The population of Birchinlee is 949, With
regard to the afforestation of the catchment area, the 32 acres
authorised by the Board have been completed, and the engineer
has been authorised to proceed with the planting of a further area
not exceeding 50 acres. The total numEar of workmen engaged
on June 10th was 2025, and of these 1088 were in the direct
employ of the Board, The cost of the works to June has been
£2,434,619 9s, 11d.

NORTH OF ENGLAND,
(From our own Correspondent.)

Cleveland Pig Iron.

QUITE a little *“boom " has sprung up this week in the
iron and steel industries of this district ; buying in several branches
has been brisk, and advances in prices the order of the day. The
tone was altogether optimistic, and buyers have been much keener
to operate than the sellers, The former wanted to purchase for
delivery a long time ahead, but sellers did not want to commit
themselves too heavily in the face of a rising market, the rise
being due as much to an increase in legitimate trade as to an influx
of speculation. Evidence is accumulating of the improvement in |
trade, and there appears to be a general upward movement, it
being as noticeable 1n the finished as in the pig iron branches. A
large business has been done during the last few days, and the
price of Cleveland warrants touched a higher figure than has been
known since last October—51s. 41d. cash buyers, that being 1s. 3d.
advance in a week, 2s. advance since the present month
commenced, and 5s. 44d. rise from the minimum of the current
year, that being reported about the middle of March. It is
said that the outside public have come in to speculate in warrants,
and on Wednesday some of the operators were endeavouring to
take their profits, which action rather weakened the price; in
fact, at the close of the day buyers would give only 50s, 11d.
cash, Makers of Cleveland pig iron have improved their posi-
tion considerably this week, and have sold No. 3 somewhat freely
up to 5ls. 3d. per ton for early delivery, but Wednesday's quota-
tion was at 51s. for prompt and bls. 9d. for delivery up to the end
of the year, No. 1 bas risen to 53s. 6d., No. 4 foundry to 49s, 9d.,
and No. 4 forge to 49s, 6d. per ton, all for prompt delivery.

Hematite Pig Iron.

Producers of East Coast hematite pig iron have waited
long for a revival of their trade, and have had a very bad time
during the last two years, but now a genuine and general
improvement has come with a rush, demand having become very
active all at once, and a substantial rise in prices has at last to be
recorded. In the main the welcome change has been brought
about by the improving condition of the shipbuilding industry.
Consumers and merchants have arrived at the conclusion that the
time to buy has come, and that if they wait they will have to pay
higher prices. Very good orders have therefore been distributed,
and more could have been secured if the makers bad seen their
way to sell freely ahead, but they do not want to commit
themselves too heavily in face of a rising market. At the close of
last week mixed numbers of East Coast hematite iron could
readily be got at 55s. 6d. per ton for early delivery, that
being 6d. per ton above the price that had ruled for weeks,
but now fully 57s. 6d. must be paid ; indeed, it is regularly given,

and 57s, 9d. and 08s, has been forthcoming for prompt
| delivery, while 60s. is asked for the first quarter of next
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year, This {is n sharp rise, and yet guotations are still
relatively cheaper than those of Cleveland pig iron. Makers of
hematite pig iron are this week in high spirits, and certainly their
position is considerably better than it was; indeed, some iron-
masters are able to their customers, No. 1 for early
delivery is at 58s., and No, 4 forge at 57s. The sellers of foreign ore
have lost no time in advancing quotations, and do not give the
iron producer much opportunity of securing profits. Ore has long
been too dear compared with the prices realisable for pigiron. This
week the price of Rubio ore has been advanced from 16s. 3d. to
17s. per ton by most merchants, and some are asking 17s. 6d. per
ton c.i.f. Tees. Likewise the sellers of coke have run up their
prices, and quotations indeed are somewhat erratic. Some are
asking 17s. per ton delivered Middlesbrough furnaces, but the
general price is 16s. per ton, an advance this month of fully 6d.
per ton, and this with the rise in ore absorbs almost all the extra
that is being obtained for hematite pig iron.

Stocks of Pig Iron.

If statistics had their usual influence on the market the
rices would be dropping instead of rising, for it must be acknow-
F&dgnd that the figures of the stocks are very bad indeed. But
a 1:m.rur|:|1.‘lgr holders just now ignore the rnEid increase in stocks, as
tl';n quantity now held will not be excessive if trade 1mproves to
the extent now promised. Connal's stock of Cleveland pig iron
on the 25th was 280,265 tons—an increase this month of 21,004
tons. The stock consisted of 268,625 tons of No. 3, 8770 tons of
No. 4 foundry, and 2870 tons of other iron not deliverable as
standard.

Exports of Pig Iron.

Fair shipments of pig iron from the Cleveland district can
be reported, and prospects of their increasing are good, for the
autumn export demand will shortly have to be satistied. The worst
is that there is so little wanted by Germany this year, though this
is not surprising when one takes into account the wretched condi-
tion of trade in that country. The exports up to the 25th were
89,912 tons, compared with 70,811 tons last month, 77,805 tons in
August last year, and 109,268 tons in August, 1907, all to the
25th.

Manufactured Iron and Steel.

A decided improvement in business is manifesting itself
in the finished branches of the iron and steel industries, and this
is one of the most encouraging features of the trade, emphasising,
as it does, the fact that there is a real revival in trade, and not a
spurt only brought about chiefly by speculative operations. Prices
have long been stationary, but this week there are substantial
advances to be reported, chiefly as a result of the improvement in
shipbuilding. Iron and steel plates, iron angles, and iron
bars have all been advanced 5s. per ton—the first advances
for at least two years, and there is every reason to believe that the
upward movement will continue. Steel ship plates are now up to
£9, steel boiler plates to £7, iron ship plates to £6 5s., iron ship
angles to £7, common iron bars to #£7, best iron bars to
£7 7s. 6d., and best best iron bars to £7 15s. per ton, all less 2}
per cent. f.o,t. The daily papers have made a good deal of
capital recently about the importation of German steel ship plates
into the Wear, but evidently the North of England manufacturers
attach little importance to this or prices would not have been
raised within the last few days. The fact is the quantity imported
is small. The prices paid could hardly pay the exporters. It is
not at all likely that a competition will spring up in this district
between German and British plates, and the producers of the
latter are not disquieted. Steel ship angles have not yet been
advanced, but can still be bought at £57s. 6d. per ton, and packing
iron and steel at £5 5s., while steel stanchions are kept at £6 15s.,
all less 2} per cent. Early advances, however, are expected in
these as well as in ship rivets, and, indeed, all other ship-
building materials that have not been raised in value this week.
Steel bars are quoted at £6, steel hoops at £6 bs., and steel
strip at £6 2¢, 6d., all less 2} per cent., while steel joists are at
£5 7s. 6d., less 2} per cent. Heavy steel rails are certainly in
brisker request, and prospects are encouraging ; they can generally
be bought at £5 5s. net f.0.b. Galvanised and corrugated iron or
steel sheets are selling well at the recently reduced price—£1010s,,
less 4 per cent. for 24 gauge in bundles f.0.b.

Shipbuilding.

There can be no question that there is a brighter outlook
for those engaged in shipbuilding, and the conditions are certainly
more satisfactory than they have been for the t two years.
The Government orders, present and prospective, have no doubt
bad a good effect upon the shipbuilding industry, and general ship-
owners are being tempted to distribute orders more freely, so that
the nomber of empty berths at the yards is steadily being
lessened. Orders for tramp steamers, as well as liners, are begin-
ning to come in, as it will be necessary to increase quotations for
new steamers. As a rule, there is greater confidence all round,
and those who would get their needs supplied at anything near the
bottom in prices have to lose no more time in giving out their
orders. The inquiry for a new Cunarder has tended to strengthon
the shipbuilding industry in this district. There are many indica-
tions of improvement in shipbuilding, and it is expected that in
the coming winter depression will be much less felt than it was
a year ago. Not only is there more new work, but the repairing

yards are once more busy, and the marine engine works are more
fully employed.

Engineering, &c.

Trade is showing improvement at the engineering shops,
and at works where departments had to be closed for lack of
orders they have been re-opened. The Blake Boiler, Wagon and
Engineering Company, Limited, Darlington, which during the past
twelve months has supplied 325 wagons for the Buenos Aires and
Western Raillway Company, in Argentina, has secured an order
from the same company for a still larger number. The wagons
are to carry 40 tons, and will be built for the 5ft. 6in. gauge.
There is more being done in locomotive work, also in points and
crossings, and more regular work than for a long time is afforded at
establishments producing these. Sir W. ;. Armstrong, Whitworth
and Co. have applied to the Newcastle Corporation for a much
larger site at Walker for shipbuilding purposes than they originally
asked for. The company desires to make such alterations that
there will be sufficient s for the building of a Dreadnought,
and for the accommodation of the largest vessels aflrat. The new
shipbuilding yard at Southbank, near Middlesbrough, which is
being laid out by Smith’s Dock Company, Limited, will be brought
into use towards the end of the present year, and the site of the
present yard at North Shields will be utilised for a graving dock.
At Southbank there will be accommodation for the simultaneous
construction of the hulls of twelve steam trawlers.

Coal and Coke.

It is curious to note that while best steam coals continue
to decline in price, best gas coals are firm, and whereas the former
were not long ago realising 13s. per ton f.o.b., they can now be
bought at 10s. 9d., but best gas coals have been maintained at
11s. to 1ls. 6d. for a long time. It is very unusual to see best
steam coal below best gas coal in price. The trade in the latter
is, however, steady and legitimate, while that in steam coal has
lately been inflated by reason of the Welsh and Scoteh labour
difficulties, and these having been settled amicably prices have
como down with a run.  Coke is very stiff in price, and supply is
hardly equal to demand. Some sellers have advanced their
quotations for furnace coke to 17s. per tom, delivered at Middles-
brough, or equal thereto, but generally 16s. will be accepted.
The Executive Committee of the Durham Miners’ Association
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have issued a circular to their members protesting against
the practice of ceasing work without giving notice to the
masters. Pits were stopped, and the men's agents knew
nothing until they saw the fact announced in the papers. No
opportunity was given to remedy any grievance, though no trade
organisation sed such complete machinery for settling dis-
putes as theirs. Messrs. Doxford and Sons have patented what
they term a ‘‘ Belt Conveyor Discharge,” and have this week at
their yard at Sunderland given a demonstration of its working.
It has been fitted to the steamer Pallion. The new machinery
elevates the coal from the holds by meaus of running belts, and
discharges on to either side of the ship into barges or on to the

uay. We refer in detail to this vessel in another column.

‘he Warrenby Relief Fund, which was opened in 1895, after
the boiler explosion at the Redcar Ironworks, when a dozen
men were killed, has now been closed. In addition to assisting
- the widows directly, the fund, which reached £2300, was used to
help the children until they attained fourteen years of age.

NOTES FROM SCOTLAND,

(From our own Corvespondent.)
The Revival in Trade.

ADDITIONAL evidence has been furnished since last report
of the revival in trade. It would seem that the upward move-
ment in the values of raw iron, which at the first was admittedly
of a speculative nature, is now being accelerated by reports as to
the placing of contracts for which large supplies of iron will be
required. How far the upward trend of prices may go it is
impossible to forecast. Many industries in which iron is employed
are experiencing an improvement in business, and the demand for
the raw material is accordingly becoming more general and
widespread. The bullish feeling in the markets has been gather-
ing force, but makers of iron and steel are apparently anxious
that its influence should be restrained, so that prices may not
be rushed in such a manner as to check the outcome of orders.
Fortunately stocks of iron are not so heavy as they have some-
times been in times of boom, and warrants in circulation are also
limited ; so that if the speculative market is pushed too rapidly
the ‘*bears " are likely to come in for their share of the business,

Plg Iron Market.

The Glasgow warrant market has been active since last
rerort, and an increasiog amount of iron has changed bands, the
prices reaching a higher point, despite occasional fluctuations,
Business has been done in Cleveland warrants from 50s. 7d. to
Hls. 4d. cash, 50s. 114d. to 5ls. 7d. one month, and 51s. 34d. to
H2s. three months. “Transactions are also recorded at 50s. 114d.
to 5ls. for dulimrg in twenty-two days, 5ls. twenty-seven days,
dls. 4d. eleven days, 5ls. Od. eighteen days, and 51s. 9d. for
15th October. The amount of iron turned over in the last few
days has been greater than for a long time The upward
movement in Cleveland iron has been attended by an advance in
other classes of warrants. Scotch warrants have risen from 56s. 9d.
to 58s, Jd., receding subsequently to 57s. 3d., but the stock is so
low, and warrants so few, that transactions involving delivery of
iron are all but im ible. Standard foundry pig iron has
advanced from 49s. 31:' to 50s. 3d. per ton.

Hematite Ore and Pigs.

The imports of hematite ore into the Clyde are increasing
as might have been expected owing to the anticipation that larger
quantities of it will be required. e quantity received for the
year to date is about 100,000 tons greater than in the same period
of last vear, and the past week’'s imports consist of eighteen large
steamboat cargoes, t of which came from England and :Eu
rest from abroad. There has been more life in hematite warrants
in the last few days than for a long period, and as the quantity
in circulation iscomparatively limited, priceshave sharply increased.
Business has been done in our market in Cumberland warrants
55s, 9d, cash, 060s. for delivery in November, and 60s. 2d.
and 60s. 3d. for delivery in twenty-seven days. There has
also been a material rise in Scotch hematite, which is now quoted
by merchants at 60s. for delivery at the West of Scotland steel-
works. This latter figure marks an advance of 3s. 6d. per ton
from the lowest point touched this year.

Scotch Makers' Pig Iron.

The position of the Scotch makers is becoming stronger.
The inquiry for both G.M.B. and special brands has been active
and general, both for local and English consumption as well as
for shipment. Two additional furnaces have been lighted since
last report to produce ordin iron, one at Gartsherrie and
the other at Ardeer, and the number now in blast in Scotland
iz 82, compared with 80 last week, and 75 at this time last
year, There are now 39 furnaces producing ordinary, 38
hematite, and 5 basic pig iron. Some of the makers have this
week intimated a further advance of ls. per ton in prices. The
f.a.s. prices at Glasgow at the time of writing are, for Govan
and Monkland Nos. 1, 58s.; Nos. 3, 56s.; Carnbroe, No. 1,
59s. 6d.; No. 3, 56s. 6d.; Clyde, No. 1, 62s.; No. 3, 57s.:
Gartsherrie, Langloan, and Calder, Nos, 1, 62s. 6d.; Nos. 3,
57s. 6d.; Summerlee, No. 1, 63s. 6d.; No. 3, 58 6d.; Colt-
ness, No. 1, 88s.; No. 3, 58s. 6d.; Eglinton, at Ardrossan or
Troon, No. 1, 58s.; No. 3, 56s.; Gl at Ardrossan,
No. 1, 63s. 6d.; No. 3, 58s, 6d.; Dalmellington, at Ayr, No. 1,
60s, 6d.; No. 3, b60s. 6d.; Shotts, at Leith, No. 1, 62s. 6d.;
No, 3, 53s, 6d.; Carron, at Grangemouth, No. 1, 64s, 6d.;
No. 3, 57s. 6d. per ton.

Pig Iron Shipments.

The shipments of pig iron from Scottish ports in the past
week amounted to 4774 tons, comparing with 5462 in the corre-
sponding week of last year. There were despatched to Canada

tons, South America 180, India 185, Australia 795, France

250, Germany 140, Holland 260, Russia 10, Belginm 45, China and

Japan 27, other countries 255, the coastwise shipments being

102 tons, against 2887 in the same week of 1908. e arrivals at

emouth of pig iron from Cleveland and district were 9415

tons, being 579 tons less than in the corresponding week of last

year.

Finished Iron and Steel.

Orders bave been coming 1o hand more freely, especially
in the steel tiade, and the inquiries secm to point to a considerable
expansion in demand. The rise in the prices of pig iron led the
mskers of malleable iron to advance their prices 7s. 6d. per ton.
The steel makers have had several meetings discussing prices, but
the general feeling has been that the matter at this stage requires
to be dealt with cautiously. There can be no doubt that the ten-
dency of prices is upwards, and it is reported that, as a rule, the
steel makers are quoting present rates only against prompt
specifications. This policy will enable them to put their machivery
into fuller operation. The impression increases that there
are orders in reserve for a very respectable quantity of steel
material both for shipbuilding and other purposes. The export
trade also promises well, and there is a large amount of this kind
of business in hand, m«rchants and shippers pressing for early
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delivery. Some steelmakers have in prospect good lines of ship-
building material, There isa good demand for tubes for a vuiu:.ly
of pu Plain and galvanised sheets are also in demand.

Ironfounders in some instances find business better than for a
considerable time past, general and miscellaneouns castings bemE
more plentiful, while there is more life in the domestic branc

of the foundry trade, J

Engineering and Shipbuilding.

The outlook in the engineering trade is more encouraging,
and business is coming forward more freely. The marine branch
has fair prospects, with a good business in progress. The Cale-
donian Railway has placed with a Glasgow firm orders for nine-
teen renewal bridges, which will provide employment during a
lengthened period and absorb a large amotnt of material. A
large order for railway plant has also been secured by a Glasgow
company for the Argentine Republic. Some fair shipbuilding
orders have been ived, and it is understood that there are
others of impuru.n’?n prospect,

The Coal Trade.

Tha coal markets are generally quiet, but shipments have
been heavier than usual, and the curreat business for export 1s
good, especially on the East Coast. Home consumers are pur-
chasing only for present requirements, and prices for all kinds of
coal are practically unchanged.

WALES AND ADJOINING COUNTIES.
(From our own Correspondent.)

State of the Coal Trade.

COLLIERIES are now getting into fuller work as the holiday
season wanes, and it is satisfactory to note that there is a fair
maintenance of prices, Many believed that prices would advance
quietly into the 18s. net, but the older attendants on 'Change,
who have been somewhat disappointed that house coals bave not
declined more during the hot season, are satisfied if prices can be
retained about present rates until the antumnal season is more
advanced. It will be seen that prices have only moved slightly.
There has been a betterattendance thisweek, and a little moreanima-
tion, but on 'Change cbief interest is being directed to the contest
in the Committee Courts, where the issue will have a most important
effect on busipess. Best steam and seconds are in strong demand,
and while Monday hrought ahout substantial dealings— consider-
ing that it was the first day of the week—Tuesday was still more
animated, and dry coals were again in strong demand. The latest
quotations were as follows :—Best large steam, 17s. 9d. to 18s;
best seconds, 16s. 3d. to 17s. 3d.; ordinary seconds, 15s. 6d. to
15s. 9d.; best drys, 16s. 6d. to 17s.; ordinary drys, 14s. to 14s. 6d.;
best washed nuts, 14s. to 15s.; seconds, 13s. to 13s. 6d.; best
washed peas, 12s, 6d. to 13s.; seconds, 1ls. to 12s.; very best
small steam, 9s. to 9s. G1.; best ordinaries, 7s. 3d. to 8s. 3d.;
inferior sorts, 0s, 6d. to 6s. 9d.; best Monmouthshire black vein,
15s, 8d. to 16s,; ordinary Western Valleys, 15s. 3d. to 135s. 6d.;
best Eastern Valleys, 13s. 9d. to 14s. 3d.; seconds, 13s. to 13s. 3d.
Bituminous coal : Very best households, 16s. 6d. to 17s.; best
ordinaries, 14s. 6d. to 15s. 6d.; No. 3 Rhondda, 17s. 3d. to
17s. 6d.; brush, 13s. 6d. to 13s. 9d.; small, 10s. 6d. to 11s.; No. 2
Rhondda, 12s. to 12s. 6d.; throogh, 9s. 6d. to 10s.; small, 8s.
to 8s. 3d. Patent fuel, 15s. 6d. to 17s. 6d. Coke: Special
Euundr;. 24s. 6d. to 27#, 6d.; ordinary foundry, 19s. to 22s,; fur-
nace, 17s. to 18s. Pitwood, 20s. 6d to 2ls. Public interest
has been diverted to the results of using the best Welsh steam
coal on leading steamers, where some striking figures are shown.
This has been the case with the Cunard liner Lusitania, which
arrived at New York at 9.56 p.m. on Avgust 12th in 4 days
16 b. 40 min., thus lowering her time record by 2 h. and 55 min.
The average speed was for 2890 miles 25.65 knots. The last 247
miles figured at the rate of 2577 knots.

Last Week's Coal Trade.

Those who watch keenly the changes of the trade say
that it is not the higher-priced coals which show the earliest indi-
cations of change. These for some time will exhibit firmness when
the inferior coals are beginning to waver. For some weeks the
inferior coals, fairly good in quality but inferior as regards the
best steam or bituminous, have been in better demand. Last
week a better supply enabled coalowners to sell more freely, and
to accept also a slight reduction in price. In several instances

there werg deductions of 3d. from the past quotations, Dry coals
remained stiff and rather scarce. The coal prospects are inst
the likelihood this time of an ascent in price from 18s. This figure
was obtainable last week, and in some quarters 18s. 3d. was asked,

but the tendency is downwards, and one prominent reason is to be
seen in the fact that bookings for September are not at all largely
placed. Buyers are waiting to see reduced quotations.

Newport Coal.

Newport has again given evidence of its healthy condi-
tion and steady increase in coal development by having shipped
92,449 tons of coal in the course of last week. The large new
collieries now in progress, the great dock equipment, and the future
of the Rhymney Valley are all significant. What the Rhondda
has been, &u Rbymney Valley promises to emulate, if not surpass.
This is the site of the new Rhondda, and the only point of contest
between authorities is whether its best coals will rival those of
which the 4ft. Mertbyr is one of the finest examples. The late
Richard Fothergill, who was one of the successful advoentes in the
House for the selection of steam coals for the Admiralty, used to
describe it as the finest in the earth, opening like a canliflower.
Newport steam coal is now in strong demand. The only falling off
has been in placing forward, which has not been so urgently done
during the last week or two. Latest prices :—Lower figures are
being accepted for second quality Eastern Valleys. Best Newport
black vein, 15s. 6d. to 15s. ¥d.; Western Valleys, 15s. to 15s. 6d.;
Eastern Valleys, 13s. 6d. to 14s.; other kinds, 12s. 9d. to 13s,;
best smalls, 8s, to 8s. 3d.; seconds, 7s. 3d. to 7s. 6d.; inferiors,
Bs. 9d. to 7s.; best house coal, 15s. to 13s, 3d.; seconds, lds,
to 14s. 3d.; patent fuel, 15s, 3d. to 15s. 6d. Coke: Foundry,
18s. 6d. to 19s, 6d.; furnace, 17s. to 17s. 6d. Pitwood, ex ship,
20s, to 20s, 6d. Steam coals are beginning todroop. A ncticeabie
circumstance last week connected with the smaller port was that
Port Talbot cleared in two cargoes 7400 tons coal to Bordeaux.

Swansea Coal.

The port, wkich is recovering from hulidglg influence,
showed last week a egmt;if ing increase, Close upon 90,000 tons of
coal were despatched. 'I‘-ha collieries are now working with greater
regularity, and there is a strong impression prevailing that the
season of winter coals now at hand will be a brisk one. From the
margin of the Neath valleys to Pembrokeshire the famous seams
of anthracite now in steady development are well placed for the
increasing demand which is obtained every season. Strength and
firmness were shown when the market opened this week, and best
l.uga Swansea was in good demand. Red vein not in good form,
and a reduction appears to be ing in ; machine coals scarce ;
rubbly culm firm. Lowest prices:—Anthracite coal, hand
picked, 24s. to 25s. net ; seconds, net, 2ls. 6d. to 22s, 6d.; big
vein, large, 19s. 6d. to 2ls., less 2} ; red vein, 12s. to 12s, 6d.,
less 2} ; machine-made cobbles, 23s. 6d. to 24s. net; Pars nuts,
25s. to 25s. 6d. net; French nuts, 25s, to 26s. net ; German nuts
same ; beans, 17s. 6d. to 18s. net; machine-made peas,
11s. 6d. to 12s, 6d, net ; fine peas, 10s. to 1ls, net; rubbly culm,
Hs. 6d. to 6s., less 24 ; duff, 3s. to 3s. 3d. net. Steam coal :—
Best large, 17s. to 17s, 6d., less 2} ; seconds, 14s. to 15s., less 2} ;
bunkers, 10s. to 10s, 9d., less 24 ; small, 8s. to 10s., less 2§.
Bituminous coal: No. 8 Rhondda, 18s. to 18s. 6d., less 92(?;
through, 15s. to 15s. 6d., less 2§; small, 10s. 3d. to 10s. 9d.,
less 24. Patent fuel, 13s. 9d. to I4s., less 24.

Shipping ‘* Combine."”

The p of the ship era, as regards the coal ports of
Wales, is on the eve, to all appearances, of receiving a striking

addition, When the era opened the coal fleet was limited to |

to Bristol and London, and all of small
thirties these have increag:ed in size, m::d
have received an mlilll_trudar, n.In nﬂd

ilors consider, which has gradually displaced saiing vesseis y
f;n;m some of large dimensions.  Leadiog coalowners, ilimh as
Radford, now have large feets, chiefly stenmars.dpqa, M essrs.
Tatem and Co., have now fifteen large steamers, and it 18 pro ca
to amalgamate these and form one large undertaking.
capital is to be £330,000 in £1 shares. The lowest value of ;ﬂ}’
vessel of the fleet is set at 42 per cent. of the nandq:]a:d ww‘tha
the Lady Lewis, which is only two years old, is credi 1
2 per cent.

Iron and Steel. ' f
igni d

There are ificant rumours of changes in the iron an
steel trades of thaﬂul:lgi:uict, but it will be wise to dwquunmm;m
them for a time. At the first glance they appear to be impro - e,
but the trade is evidently entering upon a course 50 dmtfutit rom
that pursued by the founders that it 1s not safe to den }f a;' pos
sibility of alterations which may be forced by the turn of affairs,
or for economical reasons, At one time the exisrence of ironstone in
a district determined the site of the furnace. Now W elsh ironstone
only comes in as a very small accessory ; the position on t];a cuniactl.

has followed that of Rubio ore. The substitution of hot for col
s the chief consideration. The importation of pig iron from Spain
blast was not a more vital change than that of increased produc-
tion. Dowlais, for exawple, is being laid out for a

sailing vessels trading
dimensions. From the
with the advent of steam power

very great in-
rease. so large as to make it imperative to have a corresponding
;?ncran.'su in ;ﬁmmd. Trade cﬂl]lilf':ﬂﬂ in a very unsatisfactory state.
Up to a late period, while the principal works remained in a weak
state, Dowlais displnjrod a great deal of ‘l:ll:lll.tj'. A smart business
was being done in rails for the Colonies, and the development
employed a number of men. Of late there is less being done in
reconstruction, and the operatives are being reduced. A large
number of mechanics and others are under notice, and at the staa{
works the regular time is now getting to be four days per week ;
foundry and locomotive shops are being similarly treated. The
stoppage of important work and the issue of notices suggests some
radical changes, and now that Cyfarthfa works are practically
stopped, the outloock becomes serious. Dumping continues,
and appears to be steadily increasing. Imports this week
small. In the Swansea Valley the make of _continues
satisfactory. Metal Exchange quotations:—Hematite mixed
numbers, 59s. 10id. cash and month ; Middlesbrough, 51s 4d.
cash, 51s. 7d. month ; Scotch, 57s. 3d. cash and month ; Welsh
hematite, 62s. 6d. to 63s. 6d., delivered ; Easc Coast hematite
62s. to 62s. 6d., c.i.f.; steel bars, Siemens, £4 10s; _I_iassamar,
£4 8s, 9d. to £4 10s. Other quotations: Block tin, £137 17s. 6d.
cash, and £139 2s. 6d. three months ; copper, £39 1/s 6d. cash,
and £60 16s. 3d. three months ; lead, £13 ; spelter, £22 2s.; silver,
231d. per ounce. According to a telegraphic dispatch received
as we go to press the prices of rails, bars, and ore were slightly
advanced, while the prospects generally in Wales and the Midlands
assumed u brighter aspect.

Tin-plate.

'I'he harbour returns, Swansea, last week were as follows :
—Received from works 84,186 boxes ; shipped during the week,
00,964 boxes ; stock remaining, 130,257 boxes. The importaut
event of the week was the annual meeting of the Swansea Metal
Exchange, Col. Wright in the chair. The review by the chairman
was received with great interest, and as a rehable commentary on
trade, and replete with subject matter for discussion, will be
widely read. In moving the adoption of the report, the vhairman
congratulated the attendance that the make of tin-plate, black
plate, and galvanised sheets had not suffered so much 1n Wales as
elsewhere., Last year when he addressed them the tide of trade
showed a decline. The tin-plates exported in 1907 amounted to
406,328 tons, and in 1908 to 402,869 tons, a decrease of 3459 tons.
Black plates in 1907 totalled 71,531 tons, in 1908 to 61,065 tons, a
decrease of 10,463 tons. Galvanised sheets exported in 1907 were
467,889, in 1908 to 390,124, a decrease of 77,765 toms, or 6 per
cent. 'I'he chairman, after showing the loss suitained by these
items to the iron and steel industry, went on to comment upon the
increased dumping. Up to 1907 the imports to which he specially
alluded were shown as a total under the heading of foreign steel,
and included blooms, billets, slabs, steel and tin-plate bars. In
1907 we imported 527,201 tons of these classes. In 1908 the
classes were divided under three headings, viz :—Ingots, 21,147
tons ; blooms, billets, and slabs, 408 205 tons ; steel and tin-plate
bars, 130,187 tons, making a towal of 560,540 tons, which
gave an increase of 233,339, This, the chairman showed,
if the manufactures could have been confined to Wales,
would, roughly stated, have kept five blast furnaces, two
steel works, and two collieries fully employed. Conclud-
ing a long and able survey of conditions and prospects,
the chairman deduced a valuable moral, showing that foreign
rivalry emphasised the necessity for the retention and improve-
ment of trace relations and freedom from labour troubles, and
maintaining the excellence of make and manufacture. Latest
prices : Ordi tin-plates, Bessemer primes, 123, 14d. to 124 3d.;
Siemens primes, 12s. 14d. to 12s, 3d.; ternes, 2ls. 3d. to 2ls. 6d.;
c.a. roofing sheets, £8 7s. 6d. to £8 10s.; big sheets for galvanising,
£8 10s. per ton ; finished black plate, £9 10s. per ton; galvanised
shee.s, 24 g., £10 Js. to £1]1 nominal.

PERSONAL AND BUSINESS ANNOUNCEMENTS.

MR. VINCENT S. ALLPRESS asks us to state that in future all letters
and correspondence, &.., should be addressed to him either at
39, Victona-street, Westminster, or to Southwick, Sussex,

THE British Griffin Chilled Iron and Steel Cumpany, Limited,
asks us to state that the recent fire at 139, Cannon-street, will in
no way affect ils business, but that on and after Wednesday, the
1st Septemper, its London address will be 81, Cannon-strest, E.U,

Mr. T. R, WiLToN, B.A., informs us that he has commenced
practice at 18, Westmiuster Chambers, 1, Crosshall-street, Liver-
pool, as a civil engineer. Mr. Wilton was for many years an
assistant to Mr. A. (. Lyster, M. lnst, C.E., Eagineer 1n Chief to
the Mersey Docks and Harbour Board.

THe Hon. Alexander Murray, M. Inst. C.E., Colonial Engi-
neer and Surveyor-General to the Government of the S.raits
Settlements, is retiring on pension, after a period of no less than
thirty-eight years' service in the Eastern Colunies. He has held his

nt appuintment since January, 1548, when he left the Ceylon
ublic Works Department, where he had risen to be Assiswant
Director of Pubhe Works. Daring the decade in which he has
been head of the Straits Settlements Pablic Works many imnportant
works bave been put through in the three Settlements ot Singa-
pore, Penang, and Malacca, while in the last year or two Labuan
bas been added to the original Settlements. Daring this time the

expenditure of the Colony on public works has been treb.ed and
the staff doubled.

INsTiTUTION OF MINING ELECTRICAL ENGINEERS.—A Couneil
Meetung of the Institution of Mining Electrical Eagineers was beld
at the Hoyal Victoria Hotel, Sheffield, oo Satarday, vhe 21st inst.
A report was presentea by tne Hon. Secretary, Mr. J. G. Williams,
3, More,by Parks, Whitebaven, showing that the membership had
reached 300, with a prospective immealate increase to 400 by the
addition of candidates who bad not yet been formally elected. The
Draft Memorandum and Articles of Association were submitted
and provisionally approved. 1t was resolved to create a Diploma
Class of Membership, to which candidates could only obtain
admission by examination, after having had an approved term of
practical in of electrical plant in mines, It was
turther that entrance fees should be payable by members
vf all classes who join after the incorporation of the lnstitution,
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NOTES FROM GERMANY, FRANCE, BELGIUM, &o.

(From our own Correspondent.)
Rheinland-Westphalia.

__ Ix spite of a slightly better employment that can be
noticed in some departments, quotations leave much to be desired,
and the competing mills have even succeeded in further reducing
the prices for bars. At a recent meeting of the Steel Convention
1t was stated that the amount of orders booked at present is
300,000 t. higher than at tbis time last year. Inland demand in
seuu--ﬁlz_ushgd steel was stated to bave slightly improved, exports
remaining limited. Present quotations are to be maintained during
the next quarter. In the beginning of the present month the
orders booked for sectional iron were 75,000 t. bigher than in August,
1908, while de.iveries during the first seven months of this year

were 174,000 t. higher than in the corresponding period last year.

The Silesian Iron Market.

A greater activity in the building line has caunsed inland
demand for girders and sectional iron to rise, and five to six weeks
are the terms of delivery now generally asked, against two to three
weeks in last month. Rates have not shown any forward movement ;
offers of West German firms are plentiful, prices rarely exceeding
M. 91 p.t., free Rhenish-Westphalian works, while merchant iron
from the Saar is being sold at M. 88 p.t. at works, and this has
forced the Silesian ironworks to maintain their low rates ; export
to any but the nearest countries is quite out of the question. Of
the plate market much the same is reported, employment
showing an improvement, while quotations remain unremunerative.
Official quotations of the Diisseldorf 'Change from Aun 6th are
as under :—Raw spathose ore, M. 10.90 ; roasted ditto, M. 15.50 ;
Nassau red iron ore, M. 11.50 per ton net at mines. Spiegeleisen,
10 to 12 per cent. grade, M. 60 to M. 63 ; white forge pig, M. 55 to
M. 58 ; iron for steel making, M. 54 to M. 56 ; German Bessemer,
M. 56 to M. 58 ; basic, free place of consumption, M. 48 to M. 50;
Luxemburg forge pig, free Luxemburg, M. 43 to M, 45 ; Luxem-
Lurg foundry pig, No. 3 M. 45 to M. 46 ; German foundry pig,
No. 1, M. 54 to M. 56 ; No. 3, M. 53 to M. 55 ; German hematite,
M. 55 to M. 57 ; common bars in basie, M. 95 to M. 100 ; iron bars,
M. 122.50 to M. 125 ; hoops, M. 120 to M. 122 50 ; steel plates,
M. 104 to M. 110 ; boiler plates, M. 114 to M. 120 ; sheets, M.117.50
to M. 125, all per ton, free at works.

Austria-Hungary.

There was a little more life felt in the bar and girder
department, German imports being less, but there was not much
business done generally, a languid tendency prevailing in most
branches. In pit coal, as well as in brown coal, a satisfactory busi-
ness bas been transacted, and there will be more life presently,
the sugar mills now coming forward with more orders.

Iron and Steel in France.

Makers of semi-finished steel have been doing a fairly
remunerative business of late ; buyers have come forward more
freely with their contracts, and the export trade shows an improve-
ment of 40 to 50 per cent. against previous months. The rolling
mills and constructional shops purchase freely, French railway
companies having placed numerous orders for locomotives and
wagons, and the rail works are well occupied. A contract of
20,000 t. rails was recertly placed with some of the leading firms.
The mills of Pont & Mousson are doing a good export trade, having
secured 16,000 t. pipes for Mexico, and also for Cairo. For mer-
chant iron 155f. to 160f. p.t. is generally paid in the North, which
means an advance of 5f. p.t. against previous months; in the
Haute-Marne and Centre 165f. to 170f. p.t. are given, and in the
Loire 180f. p.t. Girders are in improving request at 190f. p.t.
Heavy pla%es, being in rising demang, have rr:ﬂised 5f. p.t. more
thanin last quarter. Inthe Haute-Marne 3 mm. plates are quoted
190f. to 195f. p.t.; in the East and North 165f. to 170f. p.t. are
usually given. On the French coal market good trade is reported,
especially in engine fuel

Fair Activity in Belgium.

There is no change in the character of the trade in iron
and steel ; purchases have rather increased in volume, as more
work is coming forward in the manufactured iron de ent.
Some mills have been able to raise bars to £4 10s, f.0.b. Antwerp,
while those in less active occupation quote £4 9s. per ton. Plates
and sheets generally meet with better request. A somewhat
fluctunating tendency was felt on the pig iron market, foundry pig
varying between 65f. and 66f. E.h, while forge pig iron only
realises 65f. p.t. Compared with last year, output in pi% iron
shows an improvement ; of 44 existing blast furnaces 36 only are
in blow, with a daily output of 4800 t. Production in July was
148,110 t., against 102,890 t. in the year before, and during the
first seven months of this year 8587,390t. were produced, against
681,270 t. during the same period last year. On the Belgian coal
market a steady and remunerative trade is being done.

AMERICAN NOTES.

(From our own Correspondent.)

NEwW YoRk, Aungust 15th.

CHANGES of conditions come suddenly in the United States, The
collapse of railway building two years ago and the cutting down of
expenses in every conceivable manner left the great iron and steel
industry with 40 per cent. of its trade practically cut off. Many
influences have united to keep the railroad companies out of the
market until rccently. The last department in the steel industry
to improve is the steel rail industry. Within a very short time
orders have begun to flow in. Western mills are deriviog the first
benefits. The Illinois steel mills and the great Gsry plant have
now more orders for rails than they can complete by the close of
the year by upwards of 100,000 tons. Overflow orders are being
sent east. The cause of this sudden burst was the action of three
large railway systems in ordering equipment amounting in value
to 23,000,000 dols. Thousands of buyers of securities are again
buying, and quotations for railway and industrial stocks sbow a
steady upward tendency. Large orders for steel are arriving at
eastern plants, and the possibility of not obtaining deliveries in
time to suit is leading to a rush of orders by some large buyers.
During tke month of June the orders for cars amounted to 7600,
for July 25,000, and thus far in August 30,000. The strike at the
works of the Pressed Steel Car Company, near Pittsburgh, con-
tinues.

In structural steel the demand is again large, and orders for
early delivery cannot be taken care of. The plate mills by this
time are all full of work, and a large amount of Lusiness is in sight
for the autumn months. The furnace interests are rejoicing over
the complete transformation of their business, Prices are quietly
moving upwards, especially in steel-meking iron. An addi-
tional source of activity is found in the shipyards along the Atlantic
(Coast. The rapid development in the Southern States, ially
in the cotton and mineral belts, has stimulated commercial relations.
The result is a demand for shipping facilities. All the yards are
now running to full capacity. Among recent rsil orders are 20,000
tons hy the Baltimore and Obio Road, 10,000 tons by the Chicago
and Great Western, and 5000 tons by Barlington. The Penn-
sylvania Company has added to its recent order cars which will
cost three million dollars. Greater activity prevails in copper.
During July the Copper Producers’ Association report an increas<e
in deliveries of 32,000,000 pounds. Arrivals of tin this month

10,000 tons in round figures.
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BRITISE PATENT SPECIFICATIONS.

When an invention is communicated from abroad the name and address
of the Communicator 8 printed in italies.

When the abridgment i not illustrated the Specification is without
drawings.

%ﬂs ifications may be obtained at the Patent-ofice Sale Branch,
25, M;mmwiwa. ghunury-iune, London, W.C., at 8d. each.
The first date given is the date of application; the second date at the
end af the 1 us the date of the advertisement of the acceptance of
the complete specification.

Any person may on any or the grounds mentioned in the Acts, within
two months of the date given at end of the abridgment, give notice at
the Patent-office of oppostion to the grant of a Patent.

STEAM GENERATORS.

16,314. August 1st, 1908,.—IMPROVEMENTS IN APPARATUS FOR
SUPERHEATING STEAM, Andrew DBolton, of 49, Deansgate,
Manchester, and Thomas Carter Beeley, of Hyde Junction
Ironworks, Hyde,both in the County of Lancaster.

Two separate boxes as A and B are provided placed parallel to
each other, one box being for the inlet and the other box for the
outlet of the steam, each box having one or more rows of tubes
C (' depending therefrom ; the npper ends of these tubes are
open, and are expanded in the bottom of the separate boxes, and
the bottom ends of the tubes are closed. Tubes D I of lesser
diameter are placed within and extending respectively nearly to
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the bottom of the closed ended tubes ; the bottom ends of these
inserted tubes are open, and the upper end of each of the inserted
tubes D on the inlet side or box 1s connected to the upper end of
a corresponding tube D! on the outlet side or box B by a semi-
circular tube E. By these means the steam entering the inlet box
A will pass down the set of tubes C whose bottom ends are closed,
ascend the tubes D inserted therein, pass th the semi-
circular connecting tubes E, pass down the inserted tubes D! con-
nected therewith, ascend the closed ended tubes C! in which they
are inserted, and enter the other or ountlet box, ing from

thence to the outlet pipes. There are seven illustrations, —.Angus(
4¢h, 1909,

TURBINES.

19,744. September 19th, 1908. —IMPROVEMENTS IN AND RELATING
T0O BALANCING MEANS ¥OR STEAM TURBINES, Car! Roth, of 9,
Awnna Scrarse Zehendorf, near Berlin.

Steam enters by the pipe G and passes through-the blades
below it. At a point J any suitable connection is made to the
interior of the drum. For instance, an opening is provided in the
drum D to admit steam to the inside of the drum, and from the
opening J the blading on the drum and casing is continued to
the exhaust K. At a convenient distance between the steam inlet
G and the openiog J, the inlet M from the overload valve is
arranged. The drum is of constant diameter throughout its
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length, and no end balancing faces are provided on which there is
a resultant pressure. The shaft is continued outside the casing
towards the right, and carries the propeller. The direction of the
thrust on the propeller is that shown by the arrow S, while the
direction of the pressaure on the turbine blades and also on the
closed disc F 1s that of the arrow T. When the end pressure on
the propeller shaft varies, the load on the turbine also varies, and
in consequence the pressure of steam passing through the opening
J alters. Thasif the end pressure of the propeller shaft increases
and the overload valve is opened so that steam through the
opening M, the Jlre.qsura of steam passing through the opening
J in the turbine drumn is increased, and in consequence the resultant
end pressure on the closed disc F is also increased. In this way
automatic control of the end pressure is secared. There are two
other moditications.—August 4¢4, 1909,

TRANSMISSION OF POWER.

6850. March 22nd, 1909, — IMPROVEMENTS IN FRICTION COUPLINGS
ApDAPTED FOR USE WITH ELECTRO-MOTORS FOR DRIVING
MAcHINE TOOLS AND THE LIKE, La Société Anonyme Electricité
Electro-mécanique, of 34, Rue du Bosquet, Brussels, Belgium.

This invention has for its object to avoid the overload and the
consequent premature disabling of electric motors, and to this end
an improved adjustable friction coupling, of the kind provided
with friction driving blocks carried by sErin arms adjusted by
screws, is employed. On the shaft W of the electro-motor M one
member A! of the coupling is secured. A sleeve K turning freely
on the shaft W carries at one end the second member D of the
coupling, the other end of the said sleeve having secured thereon
the tool carrier F or the like, which may, for example, carry a drill
or boring tool. The outer surface of the member D is provided
with a V-shaped groove into which friction blocks X X1 X2, carried
by springs D1 D2D? attached to the member A! are pressed by
means of the screws sss. The power transmitted from the motor
to the tool thus depends upon the frictional resistance of the
blocks D! D2 D3, which latter may be lated proportionally to
the power, When the load becomes too heavy and tends to over-

load the motor, the friction blocks D' D? D9, being adjusted by the
screws to the overload point of the motor, will slip, thus prevent-

Section on line A.B.

ing any overloading of the motor and breaking of the drill or other
tool.—A ugust 4th, 1909.

SWITCH GEAR.

18,623. September 4th, 1908. —IMPROVEMENTS IN ELECTRIC START-
ING SWITCHES USING LiQuip RESISTANCE, the Sandycroft
Foundry Gom;;n , Limited, engineers, and Thomas Murth-
waite Dutton, Lﬁ of Sandycroft, Chester. T

The liquid is contained in a tall metal cylinder B, which is cor-
rugated to assist in the dissipation of heat. The container is
mounted upon a base C, which F}:m supports of porcelain. Within
this cylinder there is provided a cylindrical electrode E, which
may be of wrought iron, and which is joined to a connecting nut

F. The inner electrode G is also cylindrical, and is preferably of

cast iron. The casting is closed at the upper end, which, how

N?18,623

j
:

’ —
2 . 5
1 4
1
B TR S

P AT ER - Sal e A

ever, is protected by a layer H of enamel or other suitable in-
sulating material. At the lower end the mouth of the cylinder is
elusadngby a plate of wood or the like K, between which and the
edge of the cylinder G a tight joint is made by an india-rubber or
other packing M. The plate K 1s against the mouth of
the cylinder by a bolt N passing through it and through a cross-
iece P resting against projections in the interior of the cylinder.
is inner electrode, with its bottom cover, is nupﬂorted in the
vessel by means of the conductor Q, through which the current
passes. This conductor is surrounded with an iron tube R filled
with bitomen or the like S. Porcelain insulators are preferably
interposed at the top and bottom of this tube. With cylindrical
electrodes the insulating screen V also takes the form of a
cylinder, which, however, is open at both ends. This cylinder is
supported by a number of rods W, by means of which it may be
raised or lowered in the liquid. The screen may be made of
rcelain or other insulating material, or of enamelled iron or the
ike, —A ugust 4th, 1909,

DYNAMOS AND MOTORS.
18,017. August 27th, 1908. —IMPROVEMENTS IN OR RELATING TO

THE REcULATION OF ELeCcTRIC MoOTORS, Siemens Brothers'
Dynamo Works, Limited, of York Mansion, York-street,

Westminster.
FZ L
T
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This invention has reference to improved arrangements either
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for regulating the spged of direct and single or polyphase commu-
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tator motors with te or shunt excitation, or for improving
the power factor in the case of alternating current motors. The
object of the invention is to waintain a high electrical efficiency
under all conditions of load and . A indicates the motor
whose field and armature voltage are to be altared as described in
the com specification, This motor is driven by a combined
set of a driving motor B which is coupled mechanically
toad C for driving the first mentioned wotor, and to a
dynamo D for exei the field A! of the first mentioned
maotor A. The fields (" and D' of the dynamos C and D are sepa-
rately excited from the mains F, and each has a voltage regulator
. regulators are coupled together in such a manner that the
fields of the two dynamos must be altered simultaneously in the
mu;ll;, "h: !'--.nnr!.hl in the ification. This ﬂ:h buth for
exam merely ng mechanically together the sliding
contacts of the regulators G in such a manner that they each
move to an equal degree, and by suitably grading the resistances
to give the required variation in the currents of D! and C'. If
however, the resistances cannot be ed in the manner desi
the sliding contacts may be together so that the required
relative movements are obtained. A vector di m is given for

explaining the theory of the arrangement.—A ugust 4¢4, 1909,

23,709, November 5Hth, 1900, —IMPROVEMENTS IN BRUSH GEAR
POR DYNAMO-ELECTRIC MACHINERY, by Peter Logan Raeburn
Fraser, engineer, and the Tudor Accumulator Compm%,
Limited, engineers, all of 119, Victoria-street, London, S.W.

The object of the present invention is to provide a construction
in which the brushes are moved over with certainty immediately

the rotation changes its direction, while during running
there is no undne friction on the armature shaft. In the
a ent shown in the upper engraving, the armature
shaft A is = on ball bearings B, placed between an
inner ‘race (' fixed to the shaft and an outer race D on the

N¢23708

| 15,924, July 27th, 1908, — IMPROVEMENTS IN AERONAUTICAL

moving the valve G a device Q is used, which consists of a piston,
subject on the one hand to the pressure in pipe O, and on the
other hand to a spring, such that when the pressure in O falls
hl::dpudlhrmin value the valve G is shut. The spring is so
ad) that the valve G is automatically shut as soon as the pipe
Z becomes full of water, and therefore acts to assist the lift of the
pamp, diminishing the pressure in pipe O.—August 444, 1909,

AERONAUTICS.

Macnixes, Thomas Wigston Kingslake Clarke, of St
Catherine’s, Mapa-road, Sarbiton.

For steering the machine, either or both of the supporting sur-
faces, but preferably the leading one, is mounted on a uant_rll
pivot A', and is provided with a lever F, furnished with a steering
wheel X, and mounted in a bearing which is pivoted at Fi. By
raising or lowering the lever the plane of the supporting surface
may be canted to an angle oblique to the main axis of the machine.
The lever is, moreover, mounted in bearings X!, to work as a
spindle, and is furnished with a drum or drums (i, to which cords

nN?15.924

are attached, or about which they are wound, these cords, after
passing around guide sheaves S, being respectively attached to
the outer extremities of the supporting surfaces, or alternatively to
the frame, so that upon turning the spindle F and its drum or d rums,
either one extremity or the other of the supporting surface A is
d , according to the direction in which the spindle is
rotated. By thess means the lar position of the supporting
surface A, even when rigid in character, may, by the manipulation
of a single steering wheel, be set obliquely to the plane of flight,
or may be tilted laterally about its transverse axis. It may also,
if deemed desirable, be pivoted about its vertical axis A! at right
angles thereto.—.1ugwst 4tk, 1909,

MISCELLANEOUS.

19,851. September 23rd, 1908. —IMPROVEMENTS IN THE MANTFAC-
TURE OF TUYERES vOR Brast FurNaces, William Haigh
Benson, Woodlands, Ashgate-road, Chesterfield.

The t invention has for its object to reduce to a minimum
the cost of maintenance of blast furnace toyeres. The tuyere is
made as nsoal in two parts, respectively A and B. The y part
A, which is made of cast copper, is provided with an inlet C and

Iln outlet D, allowing the cooling water to flow freely through |

ramework E. The brush holders F are carried by a frame G to
which are fixed the outer races H of the ball bearings J and K, the
inner races L being fixed to the armature shaft A. The inner
races are kept in tion between the nuts M and a shoulder on
the armature by distance N. According to another
form of the invention shown in the lower
is for a short distance through its bear-
ings and the inner of a ball is fixed on the shaft
the main bearing. ing the brushes F
to the outer race of the ball L can turn freely
the shaft. Suitable stops are provided on the [rame P of the
the rotation of the brushes too far in either

ine, preven
direction.—.4 ugus 1909,

PUMPING AND BELOWING MACHINERY.

11,5668, May 15th, 1909. —IMPROVEMENTS IN CENTRIFUGAL PUMPS,
Gelwiider Sulzer, of Winterthwr and Ludwigshafen a-R, in the
Empire of Germany.

This invention relates to a multiple coupled centrifugal pump

in which the coun mps may operate in series for ucing a
suitably high e pnnrﬁ parallel for pumping a suitably large
ipe A through the

usntity. The water flows from the suction pipe
g:llmb!ﬂ B! C,, the first disc D', and the duct E into the first

11\t X,
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ving the arma- |

the tuyere. This body part A is made sufficiently strong to last
for an indefinite period. The renewable nose B is made of wrought
drawn copper and screwed in the bod A. The inside joint
E which is in the blast passage has a sliding joint bevelled at the
end, and the outside joint F is bevelled and screwed, suitable
recesses being provided for the purpose in the body partA. This
method of connecting the two parts has been found the most con-
venient for changing the noses rapidly.— .4 wgust 40k, 1909,

2442, Februesry 2ad, 1909, —IMPROVEMENTS IN BaLL BraRmINGS,
The Gelsendvrchener (Gussstahl and Eisenierke, vorm. Muascheid
and Co., and Hermann Seanlaub, both of Gelsendirch=n in
Westphatia, Prusna.

In the hub of the wheel A there are contained two sets of bear-
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pum
valve GG is closed, so
pipe S, and the second sucks water directly from pipe A.
right-hand engraving the water circulates from the reservoir M
through pipe A, pump N, pipe O, condenser T, and pipe Z For

rings B, each consisiing of an onter and an inner ri vided
with ball-races for the balls, which by mechanical utEnI:n are

structure, the displacement of these bearing rings being prevented
by means of the distance ring C, the interior D of which serves as
a receptacle for lubricating material. The axle L with its bearing
and distance rings are secured in position in the hub hy means of
a ring or flange G and a cover E, which are clamped togetber by
screw bolts K passing through the hub, whilst longitudinal dis-
lacement of the whole of the axle L is prevented by a transversel
Sivi:lod ring M that is lodged within the cap E. and engages wi
a peripheral groove in the axle L. The cover E is provided with a
washer F, and the flange (i with a felt ring H ; whilst to the fange
(i there is riveted a leather packing X which prevents the escape
of the lubricating material and the entry of dust. Upon drawing
together the flanges G and C by means of the screw-bolts K the
entire device is firmly clamped together and is kept in position on
the shaft L. by the divided ring M.— A wguat 424, 1909,

SELECTED AMERICAN PATENTS.
From the United States Patent-office Officval Gazette.

927,969. Rore PuLLEY MADE IN Two Parts, J. F. Heury,
ﬂuufugn.f-.tur-_l:frr, France.—Filed December TM, 1908,
This is a patent for a pulley which can be opened as shown to

release a rope, and so save time in overhauling it. There is only

one claim.

928,109, Evastic FLvip TorsINg, C, 7, Curtis, Newe York, N. Y.,
asngnor, by mesne assigements, to General Electric Company, a

Cor ion of New Yovk,.— Filed November 1st, 1907,
This is a species of covering patent, with ten claims. The second
gives a idea of the nature of the patent. A turbine baving a

shell and a drum, there being a passage for working fluid between

|BIHJ59J

the shell and drum, rows of fixed and moving buckets within the
passage, with large clearances between the relatively i
surfaces and a diaphragm dividing the into stages of
different pressures, there beiog one row at least of fixed and a
Elurlhty of rows of moving buckets in each stage, the said
iapbragm having a central opening in which tha drum rotates.

e L
the il and Wast
ia, Pa., a Corporation of

§28,280. Process or SEPARATING WATER FrOM OrL,
Pattock, Philadelphia, Pa.. assignor to
Saning Mackine Company, I'hiladel
Pennsylvania.— Filed August 27th. 1908,

This is a patent for a method of separating lubricating oil from

water, consisting in forcibly projecting the intimately mised oil

and water as a spray against a surface heated to a temperatu

sufficient to evaporate the water but insufficient to dmmI;: thr:
oil, whereby the water is vaporised and the oil remains in a liquid
state. There are five claims.

—_— —

CoNTRACTS.—Huodswell, Clarke and Co., Limited, of Leeds, have
%“H an order for six locomotive boilers from the Rh;"mmy
way Company, South Wales.—The contract for pumping
plants for the Alexandra Dock, Newport, has just been let. ghn
Eumﬁng plant proper will consist of two main pumps coupled
irect to two triple- on steam engines, two separate
500 kilowatts generating sets being installed for lighting and
power purposes. The pumps will be capable, when
simultaneously, of pumping 50,000,000 gallons of water from the
river Usk into the dock extension in a period of five hours, the
average quantity of water delivered during this period by one

pump being 50 000 gallons per minute. The same pumps will ba

If::;l:us ::1 thE. grl':ihng dock, vhliah will be built at a
a n case il

o s e pumps will work against a total

will each deliver an average quantity of
100,000 gallons per minute., The main contractors tue- the Ehoh

of the scheme are ('ole, Marchent and Morley, Limited, of Brad-

pressed between the rings f0 as to form with them a complete

ford, while the pumps are being built to the designs of Jens
Orten-Boving and Co., by Willans and Robinson, of Ragby.
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