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BRIDGE ACCIDENTS.

BY P. A, PETEBSON, M. INST, O.B.

i The accidents that have occurred on this continent
; to iron railway bridges, built within the last fifteen
, years, have not been the result either of faulty design
. orof weakness of the material used, and while so much is
.| being constantly written about design, nature of strains,
! L' safe loads, factors of safety &c., little or mothing has

been urged as to the duty of protecting the bridge, after
; it has been well built, from the accidents caused by
derailed trains, which experience has shown to be its
greatest, if not its only, source of danger.

A lavge percentage of railway bridges are so placed
that all trains going towards them have to go down
a yrade and round a curve to reach them, and have
encther curve to go round and grade to ascend in get-
ting away from them, and with heavy freight trains and
light engines, drivers run very rapidly down the grade
and round the curve over the bridge, in order to get
up the grade and round the curve on the other side,
and consequently bridges are ofien crossed with heavy
freight trains at speeds exceeding fifty miles per hour.
Of cuurse engineers will report against this practice,
and superintendents will issue orders against it, and
drivers will endeavour to carry them out, till they
get stuck in the grade two or three times, and are cen-
sured for not making timc, when thoy return to theic
ol practice and their old pace over the bridge, of
which the superintendent takes no notice— he has issued
his order and thinks he has done his duty in the
_ matter—and when one of the many things, that may
, throw afreight train off the track at this speed, happens
, and pitches a locomotive or car into the end post of a
| bridge, knocking it out, and so throwing the bridge and
» train into the river, the bridge has to take the burden

of the blame, and is found fault with for not fulfilling
a duty for which it was never intended, and which it
never should be called upon to perform.

Within the last five or six years bridge-floors
have been very much improved, and generally, upon
first-class lines, the floors are now so constructed,
that an engine can pacs as safely over a bridge off the
track as upon it, providing it does mot run into one
side of the bridge and knork out an end post or some
other important membsr. Upon a few lines, rails run-
ning from a point in the centre of the track, about 100
feet from the end of the bridge, diverge gradually, till
near the face of the abutment they come close to the
track, where cast iron inclines are placed to lift the
wheels on the rails. This has baen found very effec-
tual when the speed has nat be ‘0 too great, in putting
derailed traius upon the track.

With good floors, proper guard rails and safety
points, “ deck ” bridges are comparatively safe, but some-
thing more is required for “ through” hridges. The first
thing that suggests itself is that they shou. 3 be widened.
The wnter made an attempt to have this carried out
somé six years ago, and endeavoured to get two feet
added to the width of all the bridges upon an impor-
tant line of railway, he only succeeded in getting the
addition of one foot sanctioned by the government, it
being urged by tha contractors as well as the builders
of the bridgzes that even this was one foot more than
the standard adopted on the American roads. The idea
of additional width is, however, gaining ground, the
Great Western Railway being the first to give a clear
width of twenty feet between the inside of the trusses
of its * through” bridges.

In addition to this increased width there should be
some manner of more fully protecting the end posts,
and the most ready method of accomplishing thisseems
to be by means of heavy masonry walls, laid in Portland
cement and well dowelled together, carried up eleven
feet apart, to the height of an ordinary passenger
car, While it can not be said that these modifications
and additions will prevent all accidents to bridges, yet
it must be admitted that they will go a great way to- |
wards it, and in such an important matter all that can |
be done should be done, ]
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ANTWERP WATER WORKS AND USE OF SPONGY
IRON FOR FILTERING.

At the eighth Mecting of the Session of the Institution of
Civil Lngineers held on Tuesday, the t61h of January, Mr,
James Branlees, FR.8.E,, President, in the chiar, the Paper
read was on ““ The Antwerp Water Works,”" by Mr. William
Auderson, M. Inst. C.l.

The Author commenced by stating that in 1579 the conces.
sion for the supply of water to the city of Autwerp fell wmto
tho hands of lis firm.  Antwerp had a population of 200,uu¢
inhabitants ; it ranked as the third largest port in Europe, anid
was being rapidly extended and embelisshie t. - Provions to the
construction of the works the water supply was derived from
shallow wells and open canals,  As the sewage arrangements
were very imperfect, the well water, though clear, bright, and
sparkhng, was for the most part dangerously contwminated,
The scheme adopted Ly the Authmi's firmy, the only one prac
ticable from a firancial point of view, was onginally suggested
by Mr. J. Quck, M. Inst. C.E.. and consisted in taking the
waters of the rniver Nethe, an ailluent of the Escaut, at a point
11 nnles trom Antwerp. where 1t was crossed by the Malines
Road. The waters of the Nethe wese, however, quite unfit to
compete with the existing supply, afteronly ordinary filtration
through sand, because they were greatly coloured by gpeaty
matter, and very finely suspended mud, which could not be
separated either by subsidence or filtration. Motewver, there
would have been great risk in introdueing into an important
town, watcr flom a river which flowed through a highly cul-
tivated and popnlous coustry ; and the attempt to supply Ant-
werp from the Nethe would probably never have been made
had not Professor Bischot’s process of filtration through spongy
iron come under the notice of the Author. The properties of
finely divided metallic iron as a material for filters had, for
some time, attracted the attention of chemists. Professor Bis-
chof, Dr. Franklaud, and Mr. Hatton had demonstrated that
it possessed the power of destroying organic impurities, remov-
ing colour, separating finely susp nded matter, softening, and
above all, destroying the germs of putrefaction, of bacteria,
and prohably those of epidemic diseases. To coufirm the evi-
dence afforded by laboratory experiments, and by spongy iron
domestic filters, which had been in use for some time, it was
determined to carry out experiments on a large scale at Wael-
hem, the vroposed site of the intake of the worky, under the
auspices of Mr. Ogston, Assoc. Inst, C.E. The arraugement
recommended by Professor Bischof took the forn® of a pair of
filters, having an aggregate area ol 630 square e¢t. The first
filter was to be placed on a higher level than the second, and
to be filled with a bed of spongy iron aund gravel, mixed in the
proportion of one to three, covered by a layer ot ordinary niter
sand, the oftice of which was to separate the grosser suspended
matter. In this filter the water would becoine charged with
iron, to eliminate which it wus to be exposed to the air, and
passed through a second or ordinary sand filter in which the
red oxide would be deposited. The experiments were carried
on for threo months, aud proved so satisfactory that all doubts
about the efficacy of the process were removed, and the designs
were made for the permanent works,

The terms of the concession required a daily supply of 33
gallons per head for 175,000 inhabitants, or nearly 6 million
gellons per day ; but, in the st instance, the pumping ma-
chinery and main were to be laid down for only 40 per cent.
of that quantity. The works consisted of a 42.inch intake
pipe, two setthng ponds of an aggregate capacity of 2,640,000
gallons, a pair of Airy's screw pumps, worked each by an in-
dependent engine, for raising the settled water 19 feet into the
spongy iron filter beds; threo spongy iron filters having an
aggregate atea of more than 31,000 square feet, three sand
filters of the same area, two cast iron filtered water tanks,
containing together 340,000 gallons, and two pairs of heam
pumping engines of 170 H. D", each, together with their boilers
and fittings.  The Nethe being a tidal river, carrving up the
drainage of Malines on the flood and bringing down that of
the villages on 1ts upper waters on tho ebb, the authorities
prescribed certain hnnts within which slone the waters should
be taken ; thesc restricted the time avalable for filling the
setthng ponds to alout three quarters of an hour in each tide.
The setthng ponds, of a capacity to hold twelve hours supply,
were excavated immedintely in tear of the riverbank and hned
with dry stone pitching. The uature of the groumd was ex-
ceedingly treacherous, a bed of water-logged silt extending
under the whole area, at a depth of 6 to 7 feet below the sur-
face ; it was thought prudent, therefore, to construct the filter
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beds entirely of earthwork resting on the surface, and to trlls:I
to puddle limngs Lo securo the necessary water tightness, and
to adopt pile foundations for the engine house and chimuey.

The environs of Autwerp being very Hlat did not permit of a
high service rveservoir being coustructed, the filtered water-
tanks wero, therefore, plaved close to the engine house, nud
the service was mamntained by uniaterrupted running of the
engines, which, for this purpose, wers arranged in pairs, each
pair coupled at right angles, so that they could run at any
speed between 1) and 22 revoluttons per minute. Lo provide -
against the effect of frost, the novel expedient was adopted of
hieating the water, as it tlowed to the screw pumps, by means
of mjected steam, the Aunthor statng that the experience of
last winter seemed to indicate that the arrangewent would
prove cflictent,

The result of exghteen months working had been very satis.
factory, the water having rewained pure, bright and clear
throughout the time. The spongy iron had wvot shown any
sigus of deterioration or wasting ; and Dr. Frankland, who had
visited the works, had reported very fuvourably of the process
employed, not only with respect to the chomica’ condition of
the water, but also with reforence to the complete des ruction
of bacteria and their germs.

The water from the pumping station was carriel :na 20
inch maiu for 10 milos arong the Malines Roud ; its contise wag
d 'scribed at length, together with the appliances for getting
rid of air aud of avoiding dangerous shocks. The distabution
of subsidiary mains and service pipes in'the city was explain-
ed, together with the manuer in which the various services
were laid on. By the system adopted a constant circulation
was kept up as fav as possible in the distribution pipes
throughout the city. It permitted a ranges of pipe« to be
ghut off without stopping the supply of the neighbouring
streets, aml even often enabled the service to be kept up when
portions of one of the muins had to be shut off. A compari-
son was instituted as to the relative cost of German and En-
glish pipes.  ‘The manner of testing, as fast as the pipes were
laid, was described, and the Paper concluded with the state.
ment that the works were erected in fifteen mouths, at & cost .
of £280,000.
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ON GOVERNING ENGINES BY REGULATING THE
EXPANSION.

BY WILSON MARTWELL OF LEEDS.
(Concluded from peye 50.)

Perfect governing.—Perfect governing with automatic expan.
ainn gear e illustratad hy Fig 7, Page 40.  The fall line on
the lowest third of the dingram indicates the load, that is, the
mean pressure on the piston which would exactly balance the
load : this may becalled the independent variable. Thedotted
power-line running beside it shows the actual mean pres-ure
on the piston, or the power. [t is ohvious that the spaces en-
closed between the zero line and the load line, and between the
zero line and the power line, will on the average be equal to
each other,.as illustrated by the horizontally and vertically
shaded spaces. When the load is iu excess, the speed and the
position of the governor will fall. When the powerisin excess,
the speed and the position of the governor will rise. The
disgram is merely illustrative, and not quantitative. Thus the
]oaﬁ is supposed to rise suddenly from 3 to 4, andsimultancously
the speed of the engine, the poxition of the governor, and the
mean pressuve on the piston begin to vary, until the power
Tives to halance the load. Tho speed then.remains uniforn:, but
rather slower. This 1s shown by all the -lines changing to
position 4, und remaining there. The horizontally <hadvd
space represents the power given out by the fly-wheel. Further
on the load is supposed to fall to 2, and the speed to rise to 2,
The vertically shaded space then represents the power absorbed
by the fly-wheel.

Retardation from storage.—This is illustrated by Fig. 8,
Page 49, The load is supposed to vary from 2 to 4. The
speed line falls trom 2to 4, and the governor line ioes the
same ; but owing to the storage tho mean pressure or power
line does not simultancously vise to line 4. The apeed there-
fote continues to full, «ay to line 5, aud the governor, instead
of remaining at position 4, falls to position 5, thus putting on
too much steam. The speed will then begin to rise again until
too much steam is shut off ; and in consequence several ascil.
}nti(;ms of speed take place without any further change in the
oad.

a
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l
|
|
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Retardation f1om friction.—Yig. 9, Page 50, shows the out.
line of a pendulum governor with balls 5 in. diameter, about
the size usual in wn S-HD. engine. Fig. 10 shows the speed
due to the balance of the centripetal and centrifugal forces,
and to the elfect of friction. Here A Ri and A Reare the
minimum and maximum radii of the governor balls, The cen.
tripetal curve C1 Cy C (‘2 is drawn so that any vertical ordinato
1t C equals the centripetal force at radius A R (say in lbs, to
any convenieut scale), due to the weight of the halls. The
vettical ordin~te drawn from 1i2to 60 represents the con.
trifugal forco ut rading A R2 aud at a speed of 60 revolu.
tions per minute. Since the centrifugal foree due to 60 revolu-
tions per minute varies as the radius, any vertical ordinate to
the line drawn from A to 60 will equal the ceutrifugal force at
that radius due to that speed of 60 revolations per minute. In
like manner the other divergent lines indicate the centritugal
forces shown by the respective speeds figured on the ordinate
at Ra.  Let the point C be the intersection of the centripetal
curve by any radial line, say that for 60 revolutions, Then RC
is both the centripetal force at radius A 1 and the centrifugal
forco at the speed (4. ¢., revolutions per minute) figured on that
radial line. The speed is that which would support the ball at
radins A I, The speed that would be indicated oa the seale
by a line drawn from A through any point C may be called
‘*“the speed due to point C.”

The friction curves 1 ¥y F Fa and Gy G, G G2 are drawn by
measuring C F equal to the friction to be overcome to move
the balls outwards at any radius A R, and C G equal to that to
ba overcome to mave the balls inwards,

The speed due to the point I is that to which the governor
mnst rise hefore the balls can move outwards from radius A R,
because R F is the centripetal forco to he overcome. Similarly
(¢ indicates the speed to which it must fall before the bally can
move inwards from that radius ; because I G is the centripetal
furee pulhing the halls inwards, For intermedinte s}we\{s at
ﬂmtlnulius. the radial distance of the halls will remain unal~
fered,

1 the governor balls rang~ fiom R to R, under vaviations of
load, the variations of speed will be those indicated by the
eurves F F; and G G, instead of C Cy; and however slight the
varistions of load at tadins A I, the speed cannot vary less than
indicated by the points F and G,

If the radius be taken in feet, the area of the quadrilateral
(3 F; I C (measured by the horizoutal wideh and mean vertical
height to the respective scales) gives the work dene by tha
governor in overcoming friction while opering from radius
AR ta A R and similarly thearea C G Gy Cg grives the wark
done in closing from A R to A RNz Similarle thearea Cy Fy P2
' gives in foot-pounds uneasiied as above) the work done by
the governor in moving ontwards through its entire range;
and Cy Gy Ga Ca the same on its return inwards, These areas
will protably not he equal, nuless the conpections to the
throttle-valve are balanced,  Nar wall tho vertical linex C F,
I'he aren 1o €y Cs Ro, enclosed
brtween the cepiripetar curve Cp Coand the hase ane I3y 12,
~hoss the work done to open the batls in lifting the governor

. weights, or eompressing the spring in a spring governor. This

my be deseribed as the qoverwsr porer,  The # sensitiveness’
of the governor is here taken to mean the mtio per cent. which
tha dullerenen between the speeisindicated by the points (4 C2
hears to therr sum.  Thus, 1f Stand Sa he those speeds, V
N
160 | - ).‘
( Nz a4y

The * retarded sensitivencss' here means the sensitiveness
under triction, or a sumilar pereentage takon for the speeds given
by the pasitions of the points Gp and Fa.

The difference between the speeds due to the points F and G,
measited as 4 pereentage of the mean speed, nmy be called the

“detention’” at rading A R.
nder the conditions ot ordinary practice, whatever be the

. Yot of centrifuual governor for which snelt 2 diagram as Fig.
- Inas drawn, ot will much resemble this tigure in form.
speeds dne to the points G, C, F will vary ag the square Toots

The

ot the ordinates R G, R C, RF. I the friction be comparatives
v small, the * detention” at rulns A B wiil he nearly 100 x
}':(r(‘anf(:ll"ll-‘;ﬁﬂ;

= v which will be about the sameas 100 »
R aren of Rtz
or 1t genera!, the detention with all forms of centrifugal gov-
eruon, will be equal or nearly equal to 100 times the niean
friction to be overcoma in traversing from Ri to Ra divided by

| the governor power (both measured 1 foot-pounds).

Zovernor Porwer.—Whatever the difference of construction
between any two good centrifugal governors, still, if they are
of equal power, tha ¢ detention’ wil be the same ; and if they
are equafly sensitive, the ‘“retarded sensitiveness™ will bo the
same ; thus the governors will be about equally eflicient.
Otherwise the one with most governor power will govern best.
In the above example the sensitiveness is about 5 per cent.
fromr the mean, If the mean friction of the throttle-valve be
3 per cont. of the governor power, the detention will ba 3 per
cent., and the retarded sensitiveness will be &.+13=64 per
cent.

In order to be ample, the governor power shonuld be say 20
times the friction to be overcome ; it may be 40 times with
advantage. The deseription of any governor should state its
free variation and its power. For example, the governor
shown in Fig. 9, Page 52, with G-in. balls at 8) in. waximun:
radius, allows 6 per cent. varia.ion from the mean speed, and
ity power is 3°6 ft..1bs, It may be shown from Fig. 10, Puge
52, and Fig. 28, Page 68, that as the friction curve is raised
the governor begins to be unstable, commencing at the least
radius. This would canse continnous * hunting,” the balls
flying out and returning slowly. The more sensitive the gov.
ernaor, the more possible is such an accurrence,

Retardation from friction.~The ctlect of this is to oblige the
engine to change its speed sufliciently to overcome tho friction
every time the load is in the least changed, as shown in Fig.
11, Page 49. The load increasing from 2 to 3, the speed falls
to 4 before the governor commences to move, and falls, say to
4 before the—governor has fallen to 3. The increass of load
again being taken ofly the speed makes a large excursion in the
opposite direction.

Retardation from storage and friction combhuned.—The total
variations of speed, arising from the combined retardation from
storage and from friction, are much greater than either separ-
ately. They are illustrated in Fig. 12, Page 49, where the
load is supposed to incresse from 3 to 4, and to remmin con-
stant. The goveruor, owing to the friction, does not begin to
fall until tho speed has fallen to 4 ; and when it does fall, the
power line is not sufliciently changed till a little later, n
consequence the speed continues to fall still more, and too
much steam i< admitted, The mean preasure thus contmtes
to rize, anil produces an opposito variation before the governor
begins to go in the opposite direction. Thns one small varia-
tion of the load may preduce a series of disturbances in the
speed, althongh there be no further variation in the load.

hesc effects may be noticed in an exaggerated form in a com-
pound engine, where the governor works stifily. By comparing
tig, 7 with Fig, 12, the immense advantage of governing the
cut-oll gear will be apparent. It is however bnt just to state
that the same effect could bo produced with the throttle-valve,
if friction were a very small fraction of the governor power,
and it storage counld he got rid of.

SPRCIAL AUTOMATIC Exvanstes Gean.

‘The writer will now describe two arrangements of antomatie
expuansion gear which he has devised, and which have been ex-
tensivelv and successfully vsed for some vears,

The governor shown in Figa, 13 and 14, Page 68, anl al-o
in Figs. 18 to 21, Page 69 1s fixed to the erank shaft,
and was schemed especially for portable engines. 1ts design
resulted from the I‘ollowing considerations : (1) that very great
governor-power (several hundred ft.-1ba.) could be obtained by
placing the governor in the fly.wheel ; (2) that with so much
power it would be easy to move the eccentric, and by somae
form of wedge gear to hold it when moved. It was afterwards
found that suflicient power could be obtainedin a much smaller
diameter than that of the fly-wheel ; and separdte governor-
drums weve then adopted as more convenient.

Form applicd to o srparale cid-off valve.~Figs. 13 and 14,
Page 6S, represents this goveruor as applied to the cut.off
eccentric of & fixed engine. It consists of a drmm A, and
woights BR, swivelling on the weight-pina C C. The weights
are connected by the coupling-rod D., which is acted upny hy
the spring F. The eccentne F has play upon the shaft, as
shown in Fig. 14 and also in Fig. 15, Page 68, but is solid
with the eccentric-carrier G, swivelling on the eccentric-pin H.
The governor is coupled to the eccentric-carrier by meaus of a
curved solid link 1 called a quadrant (althongh really less than
a quarter of acircle), which is fixed to the quadrant arm K,
antb works through a slot in the quadrant-pin J on the eccen-
tric carrier G.  The quadrant is placed oblique to the circular
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path 1t describes round the centre C, thus acting as a wedge ,
»o that by its intervention the governer can move the eccentric,
but the eccentric, acting nearly at right angles to the wedge,
caunotl nove the governor. It will bu noticed that the cecen-
tric and the weights are guided in civenlar paths by ping, and
not iu straight hue by shdes; thus reducing fnetion to a
. nin, and so ensuring greater delicacy of action.

The resistauze of the valve may be considered as & forco act-
ing on the certre of the eceentric, as shown in Fig. 15, Page
85, und ten g alternately to push it towards und pull it
trom the centre of the shaft during each semi-rovolution. Thus
the power required to shift the cceentric is obtained o the
crank.shaft, and not from the govetnor. The ineline of the
hnk, and the other moving surfaces, are_so proportioned that
the fuction produesd by the resistance of the valve equals, as
nearly as possible, the pressuro tending to aleer the throw of
the eecentric.  Thus the governor has little or nothing to do
in order to hold the eccentric in place 5 and freely adjusts it
at such times as the governor and the eccentric are acting in
the same direction,

‘I'he cut-ofl’ valvn used may have single ports; but to redace
the travel of the eccentrie, multiple ports have been generally
used, as shown in Fig, 16, and especially in Fig 17, Page 52,

Goeernor upplied to ordenary sle  valres. —With small en.
gines, say with less than 10.in, eylinders, 1t has been preferred
for the sake of simplicity to use but one slide-valve. The gov.
ernor was at first p\uced in the fly-wheel. It is now generally
slaced in a separate drum, attached to an eccentric which is
couplud direct to the valve.rod. Fig. 18, Page 69, shows the in-
terior of the governor as used for an S-I1P, or 10-HD. portable
engine, with the weights open and the eccentricin mid gear;
Fig. 19 shows the weights closed and the eccentric in foll gear;
Fig. 20 is a scctional plan. The drum is confined to 18 in.
diameter, in order to clear the Loiler. The parts have been
arranged to use all the available space. The construction is
essentially the same as in Fig. 13, but the quadrant can be set
oblique in either direction, in order to reverse the engine. As
before, A is the dram in three pieces, namely the disc.plate
which is keyed to the shaft and turned on both sides to carry
all the working parts, and the casing in halves; I3 Bare the
weights, C C their pins, D the coupling rod, E E the two
springs, I the eccentric, (3 the eccentric-carrier, H its pin, 1
the quadrant, J the quadrant,pin, K the quadrant-arm. The
eccentric F being outside the drum A, while the eccentric.
carrier G is inside, the two are here fixed together by three
stud-bolts 8, which work through slots in the disc‘]ﬂate of the
drum, ns shown in Fig, 20, these slots being struck from the
centre-pin H of the carrier G, In Figs. 18 and 19 the disc.
plate of the drum is supposed to be transparent. The outer
extremity of the quadrant [ is pivoted in a prolongation of the
weight B which carries it, ag scen at L. in Fig, 19. The path
of the centre of the eccentric from full gear forward to full gear
backward is a circular are struck from tlte centre-pin H. When
the weights are closed, Fig. 19, the engine being at rest, the
quadrant I puts the eccentric in mid gear {Z.c., opposite the
crank-pin of the engine). In this position the quadrant.pivot
L is nearly concentric with the carrier-pin H. The other end
of the guadrant is held by a screw N, Suppose the quadrant
set obliquely, to run the engive forward. ‘T'hen, to reverse the
engine, set the piston near the end of its stroke, insert a stron,
screw-driver through the open part of the eccentric acrogs, an
tighten the scrow again.

This form of governor was first used at the Cardiff' engine-
trials ten years ago, and was immediately adopted by Messrs.
E. X, & F. Turuer, for their $-HP. portable engines; from
that time uninterruptedly uutil now the throttle-valve has
been abalished in their 8-HY. engines. So far as the writer is
aware, from that date it is the only automatic gear which has
been thusused for portable engines, to the entire exclusion of
the thiottle-valve ; or which isever so used at the present day.
‘With this governor it is difficult to detect any variation of
speed under the most rapid and frequent changes of load. After
a few governors had been made on the Cardiff pattern, it was
found that larger wearing surfaces and more accurate work
were desirable.  The form of the drum was altered to that
shown, in order to facilitate the application of machine work.
‘The bearing surfaces were enlarged, aud the adjustment fitted
to the quadrant-pin ; retaining however almost the identical
centre lines. Some of these earlier governors were replaced ; as
were also the piston-valves, shown at Cardiff, by ordinary slide-
valves. So far as the writer is aware, with the above excep~
tions the governoc has been uniformly satisactory; and he

anticipates that aulomatic oxpansion poverne~: ‘ixed on the
crank-shaft will in future be more used for sinal. mgines than
any other kind of governor,

Another form of this governor 19 shown in Figs. 21 and 212,
Page 69, A isthe drum, BB the weights, CC very Jarge centre
piny cast on the weights, D, the coupling rod, LI the spriugs,
F ithe eccentric fixed on the couphinyg rad 1), Although the
friction of the pins ¢ cannot hold the whole thrust of the ec-
centric, yet with quick-running engines the governor works
well with the ordinary shide valve.  Being simple and iuex.
pensive it is being applied to such engines, including the
cheapest forms, without increasing their cost. 1t cun be re.
versed by attaching the coupling rod D to the opposite sides
of the axes of the weights, ‘Thus by means of governors placed
on the crank-shaft and acting ot the eccentric, tiirottle-valves
may be abolished, and the advantages of being governed by re-
gulation of the cut-off may be obtained in all sizes of ordinary
engines.

Automatic cepunsion Regulalor, —A governor and expansion
gear not tixed on the crank-shaft, and therefore called for dis-
tinction by the above name, is shown in Figs, 22 to 24, Page
55,  Here A 1s the body castung, BB the weights swivelling on
the pins C C, 1 the slide, 1. the spring, F F two rollers which
press on the slide. ‘This was designed a8 u simple compact
automatic expansion gear suitable for small engives. It is ca.
pable of any required degree of sensitivenesy, and so powerful
that it readily controls the expausion gear. 'The form of slide.
valve used may be the same asgin Fig. 16 and 17, Page 52.
‘That shown in Fig. 17 haq bean chicily used for large engines.
The cut-ofl is varied Ly meaus of the link gear shown iu Fig.
22, which has been atranged so that, with a mean load, the
eccentric-rod and valve-rod are in line, and there is little or no
slip on the block. ‘I'he whole is hung on the governor stand.
The maximum incline of the link should not exceed 1 in 6,

Governor power oblained with springs.—~This is much greater
than can be obtained by the action of gravity in the same space,
Fig. 9, Page 52, shows an outline of a pendulum governor for
an 8.1DP. engine, and Fig. 25, Page 52, shows that of the 8-H
1’ automatic expansion regulator to the same scale. The power
of the former is 56 ft.-lbs, and that of the latter 872 ft..1bs.
The dotted circle, Fig. 25, shows the diameter of ball which,
being raised the same hieight as the sprng, will give an equal
power. Fig. 26 shows n regulator for & 50-HP. engine with
double springs ; its governor power is 270 ft..lbs. Comparing
Figs. 9 and 25, both for the 8.HP. engine, the spring governor
is six times more vowerful. The most advantageous travel for
the balls may be shown to be half the maximum radius. The
large governor, Fig. 26, is of unusual power. The expansion
governor used at the Cardiff trials had about 90-ft.-lbs governor
pox;gr. ‘The usual power for an 8-HP. engine is about 50
ft.-lbs.

Sensitivencss.~1n this design the sensitiveness, or the varia.
tion from the mean speed required to traverse the governor,
can be varied as desired. About 4 per cent. from the ean
speed has been found best for small enginee, and'3 per cent.
for large ones. The size of the fiy-wheel must be such that
the variation of speed from the main in each semi-revolution
is less than half the sensitiveress of the governor. Suppose
for the sake of simplicitv that the arms B'C, C F of the bell.
crank leversin Fig. 23, Plate 78, are equal and atright angles;
then in all positions the vertical compression of the spring
equals the ra!lial movement of the balls.

Let us suppose that the mean speed is 100 revolutions per
minute, and the sensitiveness 5 per cent. Let Fig. 27, Page
68, be a disgram drawn in the same manner as Fig. 10, Page
52, The centripetal line with a right.angled bell-crank wijl
evidently be a straight line. Draw this centri[\etal line Cz C1,
and produce it until it mects the base at 1. Then H Ri is the
initial compression of the spring required, H R2 is the total
compression, Kt C1 aud Ra C2 are the winimum and maxinum
loads or pressures due to these compressions. Obviously the
spring may be such as to give any desired maximum and mini-
inum speed of revolution whicl will balance it in those posi-
tions ; or the governor may be made isochronous, it the initial
compression bears the same ration to the total compression
that the minimum radius of the ball bears to the waximum.

Serewing up the springs.—This necessarily increases the
mean speed of the governor, since it increases the load to be
overcome ; but it also increases the sensitiveness, This will
be obvious by inspection from Fig. 28, Page 68, which is cor-

1 March, 1883,

-



Mavch, 1883.]

———g

structed like Fig. 27, but with several centripetal lines parallel
to each other. These show the centripetal forces exerted by
the same spring with more or less initial compressinn, If the
ranimum speed is 57, the maximum is 90 asin the lowest line ;
but if the spred at lie least radius be 125, that at the greatest
rudins is ouly 120, For the increase of centripetal force due
to the spring is a constant quantity ; whilst to waintain the
sensitiveness unaltered the ditference between the centripetal
forces at the extreme positions of the balls should incresse with
the syttare of the speed. [ screwed up too much, the governor
** hunts,” becauro the sew.ed required to open the balls is great-
er than that at which they begin to close. The governor balls,
when they begin to move, are in uvstable equilibrium, and
travel rapidly frot oue extreme to the other. The apeed of
the engines alternates from the maximum to the minimum,
the governor balls pansing at the least radius while the speed
nsey, and vrec verse.  These results from screwing up the
springs are evidently true, whatever the form of the centripetal
cutve may be; and are therefore the same in all known forms
of spring gavernors, To increase or diminish the speed of any
spring governor, stitler or weaker springs must be used, since
serewing and uuscrewing any particular spring would make it
vither too sensitive or too sluggish, excepting for very small
adjustments.

Angle of the bell-cranks.—In Fig. 27, Page 68, the radial
distance of the point where the centripetal curve is intersected
Ly the line indicating the mean centrifugal force is the radial
distance of the governor balls at mean speed. It appears from
inspection that the mean radius of the balls with a rectangular
bell-crank must be greater thau the radius due to the mean
speed. To correct this the angle of the bell-crank, B C F,
Fig. 28, Page 68, hus been iucreased. This causes the centri-
petal lines (in suck a dingraut as Fig. 10, Page 52,) to become
curved. The exact effect of increasing the angle has heen cal-
culated for a progressive series of angles and for various mean
speeds,  This effect is indicated in Figs. 29 and 30, Page 68,
by ““variation curves,” Thus the vertical from point & to the
upper curve, Fig. 29, gives the variation of speed, above or
below the mean, at 0°5 of the travel, the crank.angle being
90°, and the sensitiveness 2 per cent.; and similarly for the
other curves. The aungle of crank chosen for the automatic
Expansion Regulator is 96 ©, but for the governor with 5 per
cent. hnnts of speed the angle may be increased.

Thus in Fig. 23, Page 63, when the spring Eis at right angles
to its lever 5‘ F, the ball levers C B make an angle greater than
W0 ° (such as 96 °) with the ditection of the centrifugal force,
m order to make the mean position of the governor weight
nearty cotrespond with the mean speed. These considerations
apply equally to the governor on the crank-shaft, Figs. 18, 14,
and 13 to 21, Pages 68 to 69 ; and the position of its spring-
I ver must he determined on the same principles, so as to make
the two furms nearly cqually sensitive ut corresponding radial
postion of the balls,  Rollers ¥ F, Fig. 28, Page 68, carry the
pressure of the spring to the end of the levers, and are used in
preference to links, because by this means the dirvection of the
pressure is always exactly parallel to the axis, thus maintain-
e the correct relation of the cosines of the angles which C B
and C ¥ wnke with the vertical and horizuntal respectively.
The varying inclinutions of connecting links were found to pro-
duee inndmissible irregularities in the various curves.

The relation between the position of the link-block in its
hik and the point of cut.off, with the automatic regulator, Fig.
22, Puye 68, is shown in Fig. 31, Page 68. The link itself is
shown ou the left. The length of the horizoutal base line re-
presents the stroke of the pistor ; and the horizontal distances
of the curved live from O P give the mean points of cut-off for
the corresponding heights of the link.block in the link. By
means of this enrve the points of cut-off may be marked on the
hok itself, as shown.

The relution between the height of the governor slide D,
Figz. 31, Page 68, and the mean pressure on the piston with
Gylls, initial pressure (as in Fig, 2) is shown by Fig. 82. The
harizontal distances to the curved live represent the main pres.
sute o the piston in lbs., corresnonding to the heights of the
rovernor slide, which are marked'in tenths, These mean pres-
sutes vary a ittle according to the proportion of the valves and
gear, wtd of course vary with the initial pressure of steam on
the pston.  Assume Fig. 32 to be correct for any automatic
trgulator whose rensitiveness is 4 per cent., with its variation
curve like Fig 30.  Then, when the mean position of the gov-
“inor isat 5 an Fig. 32, the engine would be nearly at the mean

* speed, and at the mean pressure of the piston, or 301bs, If

ont-third of the work were thrown off, reducing the mean pres-
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aure to 20, the position of the governc ~ slide would be at 6 in
Fig.32, and the speed of the engine wonld be increased, as shown
by Fig. 30, only ahout § per cent. In like manuer, if half the
Joad were taken off, reducing the main pressure to 15 lbs, the
position of the governor would be alout 6'6 on Fig, 32. show.
ing an increase of speed of only about 1} per cent. on Fig. 80.
Thns it will be noticed that great variations of load ure required
to produce 1 per cent variation in speed.

Applications of the governors.—The expsusion governor,
a8 already uoticed, has been adopted by Messrs. E. R. & F.
T'urner on ]l their 8-HP. engines since the Cardiff show of
1872: the first fow wade were hiowever replaced by the later
form which has been described. It hias also been much used,
acting upon the expansion valve, for various fixed engines
made by Messrs. Turner themselves, and also by Messrs, Allen
Ransome & Co. and others, The expausion regulator has been
extensively used by Messrs, Mnuhalr Sous & Co. on engines of
all nizes, fixed and portable, and on all their large stationary
engines. It has been applied to largs compound condensing
engines, and has been comparatively much used for electric-
light engines.

Indicator Divgrams.—Those for the expansion governor
with single slide alve are identical with those produced by
link motion, as will be seen by those sl awn in Fig. 33, Page
69. Fig. 34 shows others taken with a soparate expansion.
valve ; and these are identical in general arrangement with
those obtaiued from the automatic regulator,

s &

ECONOMY IN STRUTS AND TIES.
BY J. A, L. WADDELY, C. E,, MA.E,
Prof. of Civil Enginsering in the University of Tokio, Japan.

Much has been written concerning economy both in
bridges as a whole and in their members, but in the
writer's opinion the method of investigation adopted
has not been a correct ome. There are so many
variables to be considered in dealing with the subject
that it is impossible to employ any exact analysis, as
there is no use in writing out a long string of equations
to determine the most economical style of bridge. By
the latter we do not mean a structure whero the stressus
are reduced to a minimum, nor the one which weighs
the least, but the one which for a given strength and
stiffness will cost the least money.

So then in dealing with the bridge members men-
tioned in the title of this paper, it will not be sufficient
to ascertain the most econowmical inelination of struts
and ties, but it will be necessary to consider the effect
of these inclinations upou the other members and upon
the whole structure.

For a nuwber of years it has been known that where
the working stresses for compression and tension are
equal the best arrangement would be to incline both
strut and tie equally to the vertical, supposing also the
sections of both members to be the same.

Again it may be shewn by a very pretty demonstra-
tion involving the use of the calculus, that where £
is the ratio of the working stresses (& being greater
than unity) and where « and & are the angles of incli-
pation of the strut and tie, respectively, to the ver-
tical, the amount of material in these members will
be a minimum, sections only being considered, when

tan b i :
tane

But this result is of no practical value, for % itself is
a variable, and moreover the weight per running foot
of the strut is increased by the latticing and’ rivets.
Nor does the variation end here for the cost per lb. of
strut iron is greater than that of tie iren.

How then should the problem be investigated $
Simply in a practical manner, by assuming several cases
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such us occur in ordinary practice aud ase ataining for
any given panel length, depth of truss and shear, what
position in the panel, of the apex of strat and tie, wall
. wake the actual cost of these two mewmbers L mimnam.,
i o regard to the ditterenee in cost of the two Kinds
of iron, there will be a little variation, depending upon
where the prices como from. Thuse quoted to the
writer ahout a year ago were 59 cents per {h, for heavy
iron bridges and 4°7 cents per b, for hewvy combma.
tion bridges in the shop. I these prices be employed
for strut and tie iron respectively, the results so
obtained will probably be as neardy correct as is
necessary for practeal purposes.  Let the ties bw
proportioned for a warking stress of five tons (10,000
1bs.) per square anch;  let the stratx employed
consist 0" chanmel bLars connected by lattiee lars
which are riveted together at thewr intersection,
and let them be hinged on the pains at both ends
and be proportioned by C. Shuler Swith’s formula

) H 37,800
Mmidq 2‘.' H:
1,900

where p is the working stress per sq. inch aml I/
the ratio of length to cameter. In respect to detail,
the struts and ties will bLe Adesigned in accord-
ance with the writer’s practice a2 indicated in his paper
on *“A System of Designing Highway Diridges,” and
“ Details in Osdinary lrou Dridges.” Let us suppose
for convenience in caiculation that we can obiain tie
Lars of the exact section required, and we will use the
channel sections given i Carnegie’s Pecket Compan-
jon. Let the first case considered be that of the sumgle
intersection, and let us tuke a span of 120 feet in six
panels, the depth from centre to centre of chords being
20 ft., live load 3400 1bs. per lineal foot on botltrasses,
and let us confine our attentious to one of the mid-
dle panels where the maximumn shear will be 20 tons,
Stariing with equal inclivations of strut and tie to the
vertical, when theivapex will ba in the vertical centre
line of the panel let us move the apexa foot at a time
towards the neater end of the bridge uutil weo reach
the side of the panel : the most cconomical armnge-
ment will lis between these limits and can be deter-
mined by inspecting Table 1 page 73,

It may be noticed vear the bottom of the columm of
working stresses for struts, that the numbers increase
irregularly : this is due to the fact that they were taken
from table XVIIL in “ A System of Designing 1ligh-
| way Bridges,” which gives stresses for the difierent
values of H varying by half 2 unit.  As this is a prac-
tical investigation, there is no need of fignring out
these working stresses to the thind decimal place, so we
do as in practice, viz.,, employ thetable.

’y inspecting the column of total cost we see that
No. 7, which corresponds to the case where the apex
is situated about two-tenths of the panel length from
the side of the panel farthest removed from the centre
of the bridge, gives the most cconomical result as far
as each pair of diagonals i< concerned.

‘ut how will the use of these nost economic in-
clinations for diagonals affect the rest of the structura?
To discover let us inspect the skeleton diagramsshown
in trusses 1, 2 and 3, page 72, 1 which trdsses 1 and 3
employ these economic iuclinations, and truss 2 the
vertical posts.

The exact way to find the cheapest of the thres
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would, of course, bu to design them completoly and
find tho total weight and cost of each, but we can ascer-
tain what we wish tu know without the expenditure of
so much time as this wethod would entail.

Let us consider the two end diagonals and the end
panel of the upper chord in Truss 1 and the b.tter
brace, hip-vertical and end panel of the upper chorl in
Truss 2. By an approximata calenlation it is fuund
that thero is a saving of about twelve dollars worth of
iron at each end of the bridge in favour of Truss 2,
from this subtract the saving of 5.30 in th: centre
panels as taken from the table and we wiil have $19.70
to bo added to the ditference in cost between the in.’

termediate strats and ties of Lruss ! and the eud diz- |

wonal ties of ‘Truss 2. This difterence is about $178.00
which makes $207.70 in favour of Truss 2. From this
we must deduct about $21,20 due to the fuct that the
top chord of Lruss | for 49 feet on each side of the
centre line has an average stress that is a little leas
than the corresponding stress in Tru-s 2, leaving
S186.00 in favour of Truss 2.

In a similar mwanuer comparing Trusses 2 and 3 we
find a diticvence of $113.00 in favour of 1'russ 2.

Nor can there be any other truss formed fiom Truss

aQ

-

I by changing the slope of the batter-bracs so asto be |

cheaper than Truss 2, There are two ways iu which
a slight saving might be accomplished by varying from
Truss 2, first by inclining the intermediate posts at
the most economical angle, and second in addition to
this by making tho hip-vertical parallei to the posts
and increasing the inclination of the hatter-brace. 1In
the first anangement there would be a lJittle reduction
of material in the intermediate struts and their ties
and in the top chord, but it would be obtained at the
expense of the appearance of the bridge, for not only
would there be a variety of inclitatious, but the end
panels of the top chord being so much looger than the
other panels would give to the truss an uasightly
aspect.  Again, if there were seven jancls, it would
be stilt woise, for in addition to all this variation there
would be another ditferent panel length in the chord.
The second method suggested would be open to two
objections, first the tlat appearance it would give to
the ends of the bridge, and second the inclined tie at
the hip would make the stress in the second panel of
the botiom chord less than that in ths first panel.
‘This last objection is not an important one, and could
be surmounted by making the end panel ot the bottom
chord longer than the others, and the tie at the hip
vertical ; nevertheless noue of these arrangements are
desirable on the score of appearunce ip a bridge of this
height.

‘The greater the number of panels, the less imj.ortant
becowmes the objection of having several difierent incli-
nations, because the proportional irregularity would be

less ; Lut as engineers are beginning to believe in the

econowy of long panels, and as the limit for ccouomy
of the single intersection is in the neighbourhood of

164 feet, correspouding to eight or nine panele, we way -

conclude that, all things considered, the Pratt truss is
the best for single iutersoction Lridges,
Next let us take the case of u 192 foot span, double

intersection, twelve pancls, live load 2600-1bs. per lineal |
foot, dead load 1600-1bs. per lineal foot, depth of truss |

30 feet ; and let us consider the strut at the second panel
point from the end, and its tie, on which th: maximum
shear will be 20 tons.

——
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Lot us take the apex of the strut and tie at 12 feot
from the side of the panel most remote from the contre
of the bridge, and move it a foot at u timo lowards that
side: the most economical position will lie between
these limits and éan be ascertained by inspecting
Table 11 page 73.

In figuring the above table it was assumed for con-
venience of comparison that ten inch channels weigh-
ing hetween 1G1-bs, and 17.5-1bs. per lineal foot are
obtainable, although none such are given in (‘avaegie's
Pocket Companion.

Any apparent irregularity of variation in the co-
lumps of the tables is caused by the approximate
values of the working stresses, which are however
correct enough for the purpose of this paper.

The secoud table gives a less inclination to the ver-
tical of the most economic strut than does the first
table, the latter being about one in six, whiie in the
first it is about one in five.

‘I'russ 4 drawn to scale, as werc also all the other
trusses, represeuts the arrangements of the members
with the most economical inclinutions of struts ind
ties. 1ts efiect is not at all displcasing to the eye, and
there is a saving in using it in preference to the ordi-
vary Linville truss, but this suviog is such a small
percentage of the total cost of the bridge that it is
doubtful whether it would be worth wlule to incline
the posts.

Let us take amother case, viz, a 230 ft. span, double
intersection, fourteen panels, 14-ft. centre to centre of
chords, live load 2400-lbs. per lineal foot, dead load
2480 lba. per lineal foot, and let the diagonals be
haived and inlcrmediate struts be used at the middle
of the posts so that the latter c~n be figured half
length, Let us consider the post at the third panel
point and the main diagyonal cuiting its upper extrom-
ity, the shear being about 40 tons:and let us start
with the apex of the strat and tie, as in the last case,

: twelve feet from the side of the panel.

From these data Table I1I page 76 is made.

By inspection we sca that a batter of ahout one in
five for the srruts would give the most economical re-
salt. Che skeleton diagram of the truss would b: very
similar to Truss 4, and ths remarks mide in connsction
with the latter will apply also to this case,

Posts are snmetimes desigued with one end fixed,

i and their sections ars in consequence somewl:at reduced.

‘To see how this will affect the economic inclination,
let us 1ake the ssme data as in case 2, aud figure the
stints for one hinged end and one fixed end. Table
IV, page 76, is the result.

In proportioning the compressive members we have
for the purpose of facilitating comparison made usq of
t.inch channels whers 10-inch oues would have heen
more economical, and we have used seclions not given
in Carnegie’s Pocket Companion. The result of the
Table is to show that the most economic hatter for the
struts is not aflected by figuring for oue fixed end in-
stead of both ends hinged.

1lud we figured in cases 2, 3 and 4 for an equal in-
clination of strut and tie, we would have found for the
cost of these members §34%.00, $292.40 and $141 re-
spectively, which would have been the fiztures for a
Warren girder: the correspouding amount for the Lin
ville truss are $140.64, 2290.38, and $135.53 ; while
those for the trusees employing the moxt economic in-
clinstion of struts and ties ave $137.17, $278.94 and
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Jo briug out a lift in that particular form; and in his own

would not exceed 90 or 100 fest; and an ordimary ram and

T Rty e =

£131.83.  For tho first case the figar« wire 88845 '
for the Warren girder, 883.78 for the I’r tt truss, aud
&81.13 for the truss with the economic inclinations, :
As far, then, as any pair of web members is cone -rued -
the Warren girder is the n:ost expensive of the three |
siyles of truss, and by comvaring the diagrams of
‘Trusses 4 and 5 we will see thit the Winr n girder as
a whole is more expensive th n the Liaville truss, sup
posing for the present thit the posts in ‘'russ 4 are |
vertical, because comparing the two trusses member
for member, A and B io T'russ 4 weigh the sime as A
and 1} in Truss 5, the two half diygonal ties and the |
post marked 1in Truss 4 weigh leas than the strt
marked 1 and its counter-bracing in ‘I'rurs 5 and the
sum of the weights of the membets marked 2, 3 and 4
in ‘T'russ § is less than the sum of the w-ighis of the
corresponding members in Truss 5. Although the
diagonal tie marked 5 in Truss 4 is hoth longer and of
larger section thau the corresponding tie in “I'ruse 5,
and the two counter ties in Truss 4 require mare iron
than the corresponding counterbracing in T'russ 5, on
the other hand the metwher marked Cin Truss 4 weighs
only one thiid of the correspouding membear in Truss
5, and there is only one half of the lizht strut marked
D in Truss 1 to go against the whole of the heavy strat
marked 5 in Truss 5. Anyone at all acquainted with
bridge work will see that Fruss 4 is the more econom-
ical.

To vecapitulate: our investigatioms show that, for
the ordinary bridges met with in au engineer’s practice,
the most economical inclination for the strut is a batter |
of one in five or one in six, but that the saving
obtained by its use is such a small percentage of the
total cost of the bridge that it is scarcely worth
while to depart from the ususl Pratt or Liaville
trusses ; and that the latter are decidedly chieaper than
the Warren girder. ;

ON HYDRAULIC LIFTS FOR PASSENGERS AND GOODS,
BV EDWARD BAYZAND ELLINGTON,
(Concluded from Page 40 )

Reference was made to the best general of hydraulie-
pawer chaiu-hoists. It was ouly fair to mantion, us the
author did, that Sir Wi, Armstrony and Co. were the Liest

T

|
|
|

opinion nearly all the hydraulic short.stroke cyliuders used
to the present time had been coustructed on that idea, It waq
therefore to Sir Wm Armstrong that the sole credit of produ-
ciny that class of apparatus belonged. It was stated,
that in these short- troke lifts 1rere was x certain danger, if |
the cage were too nearly balanced, because there was a chance
of the cage sticking and the chsin ranning off the pulley at top,
aud leaving the cage free to fall subsequently. That danger
however could be vatirely avoided by winding off as you wouand
on—nsiug & large drum below, aud winding off from the bottom
of the cage as you were winding ou from the top. The cage
conld thas be balanced withiu » lew pounds of its weight, and
would be always safe. This plan was desigued by himself, and
had always worked perfectly. With regard to the winding
drams, in such cases his exprrience livd been that they should
Ye made largy, and that wire rope< sliould never pass over a
l.ulle-y of less diameter than from 14 to 18 inches, and should
i taken as direct as possible from the top pulley to the drum,
withant passiug over leading pulleys; otherwise by the con-
stant bending of the rope in diffcrent directions it becawme
brittle, and at last broke auddenly, .

It was remarked, that with direct.acting ram lifts there
was x Jimit to the height at which they could be used. Prace
tically howevar there was nn limit, as far as the ordinary build.
ings 1 Loudon aud elsewhere were concerned. The height of
au hotel or other bailding where a linist was used certainly
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TABLE I,
TIES. STRUTS.
Total
No. ; T
Sect'n | Rquiv. | Wit Work'g| Section|[Wiht éé ;5:‘:: Cont Cost
Length | Sec. | Stress. ‘15:.“. Length L{; CostIn § | {Length |Bectivn.| Stress, |  Chaas. ::‘-;?:s "l‘n:l- L(tl;l gg: L,& ng | in$
A4 »

52,15[1.18547.40] 9,48]55.15,1743] 81.92],45.61[1.037]41.48)12-23,922.890)14,35]2182}1410/35921197.66)279.48

—

- a
52,70]1.198147,92| 9.58{55.70/1779] 83.61},45.35{1.031[41.24{12-23.73]2.897114.24;2152{1404{3556]195.58]279.19

[

53.2511.210148.40] 9.68{66.25{1815| 85.31;{15.12{1.026{41.04 1.2—23..’;3 2.907(14.12{2123]1398]3521]193.66]278.97
53,82]1.223148.92| 9.78)66,82 1852] 87.04)/44.91]1,021{40.84 1.2-23..';3 2.917,14.00/2096 13933469]191.901278.94
54.41{1.237]49.48| 9.90{57.4111895] 89.06;{44.72]1.016{40.64 1'2-23.1:7 2.923{13.90{2072/1388134601190.30/279.36
55.00]1.250/50.00[10.00}58.00{1933} 90.85;44.55{1.012}/40.48 1.2—23.(;3 2.930/13.82]2052]1384/3436/188.98[279.83
55.6111.264;50.56{10.11(58.6111975] 92.83{{44.40(1,009/40.36 1.2-22.9‘1 2.937(13,75(2034{13803414(187.77(280.60
56.22(1.278;51.12{10,22/59.22}2017| 94.80) [44.28]1.006140.24{12-22.80j2.942|13.682019]1377[3396]186.,78/281 .58

@ O T O D W

56.86{1.292,51.68{10.34159.85/2063] 96.96ji44.18|1.00440.16 12- 22.72 2.946{13.63]2008/|1375{3383/186.07{283.03

- a2
10]57.49]1,307i52.28{,0.45[60.49(2109] 99.12, 44.10}1.002|40.08]12-22,65|2.949(13.569(1998{1373{3371186.41(284.53

. * '
11]58,14}1.321:52.84{10.57|61 ,14]2154/101.24,144.05]1.001.40.04]12-22.61]2.951[13.57]1992{1371,3363|184.97|286.21

- <
44.01]1.000{40.,00]12~-22.67}2.953|13,55{1987(1370,3357(184.64|288.13

|
Al

12{58.80 1.336'53.44 10.69(61.80{2202]{103.49,

3 t 3
13[69.46 1.351.i54‘04 10.81{62,4612251 105.80l 44.00‘1.000140.00 12-22,57.2,953113,55/1986[1370]3356[184.58{290.38

TABLE 1V,

TIES. STRUTS.
Total
No.
Sect'a] gqalr. wln Cost ‘g‘:::‘l Sectien Wlth!‘ éé \3:‘:: Cost (-:OSt
. a et . 1o sa ] I |3 <|wen.
Length | Sec. | Stwess. |18 3a-Leagth y | ia g fiLeagth Swese { Ot (el tanl | Lbs. 22 g | in$

1136.06]1.202124.04{4.81{39.06(626]29.42]i32.31]1.077(21.54 5—18.56 1.933111.14{1199{773}19721108.46]137.88

36.621.221124.42/4.88139,62/644(30.27{131.96]1,06521.30 5-18.15 1,956110.89)1160]766)1926)105.931136.20

37.2111.240;24.8014.96!40.21665/31.26|31.52[1.054]21.08| 9-17.76{1.979{10.65|11231759|1882/103.51]134.77

37.8111.260{25.20{5.04[40.81(686{32,24]31.32]1.044]20.88 9—17.4‘l 2.000,10.44]1090{753]1843]101.37]133.61
- -

38.42]1.261{25.62{5.13141.42707(33.23]{31.05{1.035{20, 70| 9-17.09/2.018{10.26/1061{748/1809} 99.50/132.73

2
i 3

n

5

6/39.05[1.302,26.04!5.21[42.05730{3¢.31}{20.81}1.027]20. 54| 9-16.83]2.031]10.10]1037{743{1780] 97.90}132.21

7/39.70/1.323126.465.29/42.70|75335.39]|30. 59]1.020[20. 40| 5-16.59]2.050] 9.95|1015)739)1754) 96.47[131.86
‘ 8}40.36]1.345!26.90l5.38/43.36{778(36.57{(30.41(1 .024[20. 28] 9-16.39[2.062] 9.84] 997]735/1732] 95.26(131.83

9141.04/1.368'27.36]5.47}14.04{803[37_74}[30.27{1 .009}20. 18| 9-16.25)2.073] 9.75| 984|732{1716] 94.38)132.12
10}61.72]1.39127.82{5.. 56{44.72]829138.96{[30.15]1.005{20. 20} $-16.10)2.081| 9.66| 971|730|1701} 93.56f132.52
11[¢3.43]1.414{28.28]5.66]45.43]857/10.28](30.07[1 .002[20.04] 9-16.00(2.087| 9.60| 962{7281690] 92.95(133.23

12143.14{1.438{28.7615.75|46.141884,41.55}{30.02|1.001{20,02 5-15.9'6 2.090] 9.58| 958]727|1685| 92.681134.23

13143.86]1.462129.2415.85 46.86}914 42.96/130.00{1.000{20.00 5-15.9'3 2.092| 9.56] 956,772 1683‘ 92.57135.58
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cage could be ruised 100 foet with the grestest ease. 1If a lift
were needed for s groater height,—as at Queen Anne’s Man.
sions, Westminster, where he believed oue was at work, made
by Messrs. Ession and Anderson,—it was easy to provide &
second lift, starting from the level where the other ended. In
that way there was practically no limit to the height that could
be worked. As to danger from the use. of counterweights and
chains, he maintained that when an apparatus of this kiad
was properl; designed there was no such danger as stated.
The varying strain upon the ram, described by theauthor, wasa
matter of theory rather than of actual practice. No case had
ever occurred in this country, to his kuowledge, where, in &
well constructed hydraulic lift with continuous ram, sn acei.
dent had taken place through the ram bresking sway from the
cage. He had seen the lift at the CGrand Hotel, Paris, ,Lu:‘:
after the accident, and was not much surprised that it
taken place, as the constrnction, especially at that part, was
very faulty—a temarl which applied to & great many of the
French lifts. A fault in meny hydraulic lifts was that of attach-
ing the counterbalance chain to the centre of the cage. Taat
should never be dons ; it was & very dangerous practice. In
his designs there were two chains, attached to the sides of the
cage by jaws rivetsd to the side suspending irons ; snd the
chains'and counterbalance weights passed down grooves in the
wall at each side ; there was thus no gear whatever overhead,
and no accident could arise from that cause. Iu addition to
this the top of the cage was made, as was usnal, of § in. boiler-
plate, so that, if there was & fall of any heavy weight from any
of the floors, the passengers were still safe inside the cage. Ho
did vot agree that there was necessarily any danger in using
lifts of that kind, and he was borne out in this atatement by
the large number of such lifts that had bsen in use for many
yoars without any sccident ocourring. With hisown experience
of over fifteen years, he could point to a large number of hy-
dranlic ram lifts worked by counterbslances, which were in
constant use, on which there had acarcely been any repairs,
and with which certiinly no accident had ever occurred.

The suthor's own design, he could not think s very
good one, becanse it comprised the aidition of a very compli-
cated apparatus, very liabf
to fail at a critical moment. According to his own experience,
simplicity of desizn saould be the first consideration in all
such cases ; and that certainly would not be obtained by the
addition to the original machinery of such complicated apps-
ratas as was proposed by the suthor. It was stated, that
hydraulic passenger lifts could be tun at & speed of 200 ft.
per minute. Of course high-pressure lifts might be ran at
almost any speed ; but he thought it wonld be objectionable to
run a lift at such a speed as 200 ft. per minute, as it only
friglitened the public and prevented many from using the lifts.

%
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Fig. 25.
Ellithorpe's
Safety
Arrangement.

e to get out of order, and very likely .
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He didd ootk it was roally safe to work at moe than
100 ar 150 ft. per minuta, [t was also stated, that theve
ought to be doors to the cage; but in his opiion they were
rather au element of danger than of safety, sinco in nine cases
out of ten they were never closed. As to its being desirable
for au attendant to wark the bift, he thought it wax absolutely
necessary for the safety of the public that a skilled attendant
should abways be provided,

It was stated, that the accumulator gave a useful elfect
of 75 per cent : but it had been shown by the experi-
ments of Sir W, Armstrong & Co. thit the useful effect was
really as high as 90 or 93 per ceont. The friction of the ram
w hydraulic lifts was mentioned, as if it were rather u serious
matter; but in exprriments he had made some twa yeirs ago,
he had found thaut a d.in. ram, with 120 ft. head of water upon
it, did not reqwre more than 2 Ihs. per <q. in. pressare to aver.
come the friction of the leather collars, chains, wheels, coun-
terbalances, aud all the maving parts. Laking into considera-
tion the fact that the cage in this case fitte{ very closely to
the guiles, which ¢l conrse 1ncreased the trietion, he thought
this showed a very small amount of friction for an apparatas
capable of lifiing 19 to 20 ewt. It was stated that gas en-
gines were snitable for diiving pumps for hydranlic lifts ;
hut he thought a gas engine was an expsusive machine to use
for such a purpos -, espevially when it was possible to have a
direct head of water from a tank. With regard to low-and
highspressure lifts, he thought that low pressures were to ba
preforred, beciwgs of their smaller leakage and the fact that
they ciull be uged attar the pumping engine had been stopped
e sone hours § while the wear a1} tear was very much «mal.
tor, and the risk from bursting pipss was also reduced.  Whers
two or three litts vuly were wok=d in one plice, low.pres.
rl;ure were certainly mneh more ee momical that high-prassure
itts.

As to the hydraulic lifts at the Scacombe pier, it ap.
wared to him that the credit of this plan was really due to
Mr Edwin Clark, from whose design almost exictly the same
thing had been put up at Anderton on the River Weaver.
The method had aHs'o heen nsed in many other iustances, espe.
cially in the north of England. .\4 to the question why hy-
draulic lifts weve not nare generatly wsed for rawsing passens
gers wud goods, the principal reason was that people in
ton many instances had not the courage to make the neceseary
outlay ; they looked mare to their pockets than to the 1mpor-
tant element of saving human life.

Before sitting down he should like to refer tu a «tatement
made by Mr. Walker in reference to worm gearing, He himself
quite agreed with Mr. killington that there was an inmense
1uss of pawer from the friction of wortn gearing : and he cou-.
sidered it was the warst form of gear that could possitly be
used for hfring.  With regard to belt gear, he also agreed with
Mr. Ellington, as again<t Mr. Walker. He had scen gerions
arcidents arising entirely from the breaking of the belt, 1n
those cases thre hal pethaps been no safety gear, or at any
rate only of a very poor Jdescription,  With regard to piteh
chaing, although thev conlid be nsed in many cases very conve.
niently, he thought they wers the most dingorans form of chain
that could posably be used for a pasenger bift. A far as he
was concerned he wanld pever, if ho conld help it, allow a
passenger to travel i any hift raised by a piteh chain. Caning
back finally ta the hydwmaulic lift, whether it was of the high-
pressure or low.pressnie kined, he theught a continuous direct-
acting ram was the anlv perfectly safe 1ift in nee at the present
ome, stable equilly for passengers and goads.

Mr. Afred Davic caid that perfeet safety, particularly in the
case of passengers, wis no doubt a most desirable element in
Iiftz 5 bt all nectismenl contrivances wora mare or less unsafo,
aml, 13 1 watter of fart, when required they were generally
out of arder. ‘Thers wus hawever one farm of safety apparatus,
invented by Mr. Fllitharpe, whi h wa«free from that objection,
and which was now hang verv extensively used - America,
The lift chamber, Fize. 23, Page 77, was conttuned below the
sirface of the grovud asan awrtight well, the depth of which
was, asa rule, about ane.caight or one-twelfth the height of the
litt ; it was slightly countracted towards the battom, ani the
cage had a washer ot adha-rnbher or leather ronud the hottom
edge.  Then, 1 ease of 2 fall of the eage from any cana, the
resistance of the cushion of air i the well completely hrake
the fall.  He had imsef in soveral races seon glasses of water
anid egua vlaced 11 the cage, and, after the rope had been cut
or the cage libernted, not a particle of water had been spilt,
and the eggs had remamned guite intact. He had been told
that many passengers had also heen allawed to {all, in some

eases S ar 100 feet, and Jonl sulfored no wyury.,

been propased by Mr. Ellithorpe, and eatried ont in some cases,
he befieve l, to mrko the shaft of the lift and the doors per-
fectly aiv-tight, and thus make the shaft answer the same pur-
pose us the air-tight well ; so that in case of an accident the
cage, instand of falling to the hottom, ouly dropped « fow feet,
In that case a flap.valve A was provided ut the bottom of the
shaft, openuge inwards, so as to ndmit air freely when the cage
was riging . while there was suflicient leakage round the bot.
tom edge of the cage to allow of its descent at the ordinary
rate.  Ho beheved the principle of the air-tight well--not that
of making the entire shaft aie-tight—had by this time been
applivd to a large nunber of lifts m America, and up to the
present time had given great satisfuction,

Mr. R H. Tweddell thought the paper was a very interestin
one, especully as Mr. Ellington Ilml mide n specialty, anﬁ
successfully so, of distributing bydraulic power to small con-
sumers ; and in connection with lifts he had, at all events,
made cortrin suggestions which were deserving of attention,
The ouly fault he could tind with the paper was that it advo.
cated one particular system too much at the exjense of othars,
For instance, great doubt had been thrown on the eflicacy of
chains. Now in many cases, quite as important as that of lifts,
lives were entrusted to ropes or chains, as in the case of mines,
ship’s cables, &e¢ : and where accidents occurred they could
gounerally bo traced to using tackle having too small a margin
of streagth, with a view of economising iu first cost. Cheap.
ness shonld not enter into tho cousideration of any machine,
~tieh as a lift, whero human hife was at stake ; but if suflicient
care was tiken w the choive of the chains, a sufficient margin
of safety allowed, and the appatatus duly attended to after it
w.as put ap (which was one of the most important matters), he
thonght there was stiil room for the use of chain lifts in many
cases,

With regard to Mr. Ellington’s lift, the fict that it required
no head.toom for drums or cylinders would sometimes be an
advantage; and the whole design was undoubtedly an im-
provenient on the French system referred to, espectally in the
principle of using hydraulic power throughout the whole
system.

“He could not agreo with the remark, that it was an
advantage in the case of & burst cylinder or pipe that the hemp
packing of « direct-acting ram served as a brake. If so, it was
a brake of a very expensiva description, beeauso it must be on
all the time of working ; and he shonld much prefer some
other means of retarding the descent in sueh an emergency,
rather than having to tighten up the packing so much as to
perfarm the tunction of an automatic brake every time the lift
descented.  Wath referonce to the use of wire vopes, he had no
danbt they wera tolerably safe, if there conld be sulliciently
large drnms e them to work over ; bt he had hial some ex-
pertence with wire ropes 1 conueetion with lifting woights of
about B0 ewr., and the nsetul efftcrt otuued was very small.

The ratio of longth ta diameter of rawm, was in oue case a3
mach as 22300 15 and at would bie interestin g if Mr. Etfington
wontd state whit his experiense wis with respect to such very
lung and thin eolnmns and the stransupan them.  Supposing
the eage was to jam by anv aceident, wiel thers was an excess
at prosstive, what wonbt happen ? Wit reference to the remark,
ahout the difference in the stress on such a colums, accordiug
to the point where 1t was Tiken, there conlil be little doubt
ahout that, It was aninteresting Baet, and very apt to escape
the notico of thase who were uot conunnally engaged 1 snch
wark. No doubt however the ram should he made as small
i dmeter as was emsistent with safety, because where there
wern Difty, s 1 utimerons cases At the present time, going up
500 or GO0 or even SO0 times & day, any qaestion of economy
consnmps 1ot of water becme of grext ymportance ; this of
courss did not apply to Mr. Ellington’s lift, and some others
alse,

Phe paper, 1u deseribing the ather forins of lifts, omitted
any alluson to the Coelie Flevator, of which thers were some
at work 1 the City, aud which werked continnowsly, passing
roned A denin b top and bottom. Perhaps Mr. Ellingtou could
aave some explanation of how that was areanged.  Speaking
of enrions hitts, hie imght refer to the opera-glass lift, patented
by Bramale i 1512, and deseribed by him 1 terins not so ma-
dest a3 those wse U by the author of the paper in refarence to
his mvention.  Mr. Bramaly, attor describing new he proposed
o Lt and lower weights by & compound lift, an the princyple
of the opera-giass or common sldu telescope, explained it
thus :—*¢ For tstance, suppose [ eanse five hundred tubes of
five feet in length to slide one within another, perfectly air and




March, 1883.]

water tinht ** (then followed certain details of construction,
©aml he continued) ““then it must appear that, when all thess

tubes are slided ont to their ultimate bounds, the aggregate

altitude will be 5 + 500 =2500 feet, and which can be petformed

1l required in x few seeord, of time”  Mr. Bramalh evidently

ol 2 hight optaon of this invention, for he concluded by say.

ing vhat *“‘this patent does not only difler in its naturs, and

w ats bonndless extent of elaims to novelty, but also in ity

claims to ment and supetior ntility, compared with any other

pate ul over hefore sanctioned by the leaislative authority of any
nation.

Mr W, B Rich thought the first thing to be observed in the
caustetteti ' of lifts, where life was at stake, was to make them
sat+ ; and that condition was best ensured by muking them as
simple in their dotails as possible, with few working parts and
laren margius of strength,  For clliciency’s sako they required
as few piston rod am )l)iston packings as possible ; but Mer.
Fllingtou lind introduced five tircesas tmany packings in his new
hft as were required iu the ordinary direct.acting hft. Ho hal

- fonran hisaceumulating apparatus, Figs. 16 17, Page 37, namely,
two stutfing-boxes aud two pistons, besides the packingof thelift
ram.  Now he wa certain that those packings would n actnal

. practee be a source of great inconvenience, The packiug-up

al renewal of leathers, if leathers were used, or the introduc.

tion of new pickings, if hemp puckings wero nsed, wounld bo a

souree of much more frequent work of those who had to keep
the 19ts in order, and at the same time the efliciency of the it
would be immensely reduced. If with an ordinary balanced.
© ram it 60 per cent, of efficiency could be obtuined, he thought
not mare than 50 per cent. would be obtained with the form

i shown in Figs. 16 17. Mr. Heurtvisé had gone in the same di-

" tectioa, Fig. 15 Page 87, but only half as far, hi- hit having two

. extra V:ckings instead of four. He himself failed to see in
what the greater safety of that type of lift cousisted. In case

+ «of the bursting of a cylinder in such « lift when near the top
of its stroke, serions results counld scarcely be avoided, as the
rant. would descend with nearly the full velocity due to the
fe ight, while under similar circumstances the ordinary ram

. hift, with counterweights, would descend at a reduced velocity,

Jist as ocenrred in the well.known Attwond machine.

{e thoroughly endorsed the remark, that ‘¢ workmen
and others are in the habit of travelling in goods lifts,
and ~ prohibition against this practice is productive of iucon-
venience,  Considerations of expeuse however will often stand
m the way of the adoption of the safest kind of lift for goods
¢ alone.””  He thought that employers at the present day needed
to be very wary if they trusted their servants in gouds lifts
which they would not consider safe enongh for prssengers. He
had not met with any such case sinde the Employers® Liability
. Act came into force ; but he should think that, in case of acci-

dent, it would go badly with eniployers who had considered a

life safe enough for their servants to travel in, but at the same

time not safe enough for passenger use, ‘That was yet another
reason for hesitating to employ any lift with claborate gerring,
where human life was at stake.

Again, he thoroughly endorsed what was said, as to
satety apparatus.  The note at the hottom of that page was,
he thought, especially suggestive, namely that out of eleven
elevatars, whose fall was reported, only two were unprovided
with safety eatches. He did not himself remember any case
in which a hft accident had been prevented by a safety catch.

. What were called safety appliances for hydraulic and other
hifts were innumerable, and nearly all, when in perfect order,
wouki probably be effective if the chain or rope were smildenly
chopped through closs above the cage; but that was a condi-
tion of things that ravely existed. An accident might of course
take place 1n that way : but in a geared lift, at any rate, some-
thing geaerally broke at some distant part of the mechanism,
and lelt a residual strain on the rope or chain, which was guite
sutlicient in an ovdinary way to prevent the catches trm
conung into play.  In most cases of accidents to geared litts,
1t was ul<o found that on the day in question the safety appa-
ratus was out of order.  The fact was it was nohody's business
to attenid to at, and probably it had been out of order far years.
Sumlatly the brake apparatus referred ta in connection with
hamd-power lifiy, wero not relinble; indeed he helioved
some accidents were actoally caused rather than prevented by
the suddenness with which some brukes and safety gears came
tuto actinn,

The efficiency of an hydreulic lift reached its maximum when
working at the lowest possible speed. 1In order to work at »
speed fast enongh to be practically serviceable, some elliciency
must be sacrificed, the loss being expended in overcoming fluid
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friction in the pipes and valves; the faster any lift wan
worked the lower its elficiency became. Thus it resulted that
the speed of a lift was practically limited by the size vf the
ipes.

P !.\Ir. Jeremiah Head sail allusion had beon made by Mr
Colyer to diract.acting steam lifts  These were largely used
lor mnineral and goo ls purposes in the North of England, esse-
cially at foundries, where the use of a long inverted cylinder
as o lift for the cupolas was vory common indeed, and worked
remuarkably well, Stean cylindues would probably do anything
that hydraulic cylinders would, in the way of Lifting, provided
they were made proportionate ; bat the objection, as he took
ity to using. steam cylinders for such purposes lay ia the elastic
nature of steam a4 compared with the inelaatic nature of water.
For instance, 1f the hft stuck by reason of extra resistance at
a particula~ point, then the steam rose in pressure under the
hft, and when the resistance was overcome the cage ran away,
or, as the warkmen called it, “snutched.” At one set of blast
farnaces in the Cleveland district there was a direct steam lift
—a ram_conung up out of a well, which raised the materials
for the furnaces perhaps 60 or 70 fr. There had been a very
bad accident with that hit some years since, not owing to any
snatchiug in going up, but rather in coming down. The lifc
had got to the top, und the haundies had been so placed as to
allow it to go down, but for some reason or other it stuck. Of
course the steam all escaped from heneath the ram ; and then
the latter ot free, and came dowa with a run, causing terrible
damage, Such a thing could not lappen with water, «s long
as it had to be forced back against head.

With regard to economy n lifiing heavy weights to great
weights, they could not do better than tarn their attention to
the method adopted in collieries. There all sorts of ways had
been tried in past timés, und they had come round to one par-
ticular mcthm}, which was now prevaleut everywhere, namely
an engme winding and unwinding a rope upen a drum, this
ropo passing over sheaves and down the pit. There was possi-
bly one improvement on this, which might be mentioned, and
that was & lift designed by Mr. L. Howson for Messrs, Sxmuel-
soa’s furnaces at Middlesbrough. Here there wasa second
staging, 10 or 12 {t. above the charging staging at the top
level of the blast furnaces, and on this a regular engine-house
was built. ‘That engine-honse containcd a double drum, having
a_cog-wheel around tho periphery ; into that wheel geared a
pinion, which was worked by au inverted eugine direct. By
that arrangement the sheaves to alter the direction of the rope
were saved, and it wag as direct a lift as conld possibly be con-
ceived. It wag in fact a return to the old-fashiuned arrange.
ment for drawing water from a well by means of a horizantal
rope-barrel, with ascendirg and descending buckets balancing
cach other. The only thing to be taken np to the full heighe
of the engine-house was the steam, which of course litted itself.
The engine-house at the bottom, where room was very vilnable,
was ot 11d of ; and being a direct lift, constructed with only
one pinion and wheel, it t»emed to him ahout as safe an arran.
gement as could poasthly bs conecived. Attiched. to the cages
were donble steclowire “apas, cach one salficient to carry the
whole weight if the other shoild break.

Mr. Fllington, iu reply, wiid he had to congratulata himsell
on the general consensue of opinion, that there was only one
really safe style of 1ift to be adopted for passenger use in build-
ings, namely the direct-acting ram. That was geing =~ long
way towards the special solution of the problem which he had
endeavoured to lay before the lastitation.

Mr. Walker had cepressed his helief in the direct-acting
principle, but then proceeded to say that he also hatl confi-
dence in a safety apparatus, hecanse hie hud knowa casss in
which it had heen successfully brought into operation. He
himeelf did not doubt that for a mom-nt; bnt tha question
was whether such appavatus conld be always dependad on, and
he thought no ono would really maintain that they could he,
Mz, Rich had pointed ont the triie causs of many failures in
safaty apparatus, which was that it could not mome into npers-
tion except whan the chain broke in a particular way. That of
course was the way always selected when the apparatus was
shown ofl. A« au illustration of how uccidents happened, he
might mention thas he had known several instance. in which
tne cage of a lift such as that shown in Fig 7, No. 2, had
stuck ; and if' theve was no counterweight to the ram, and the
valve wius openn th the exhaust, the weight of ths ram iteel€
was snflicient to exhiaust the water, the ram descended, and the
ram chain gathered into & heap on the grouud below the wind.
ing dram. 1f b7 any means the cage happened to be released
by somebody jnmping into it, or by overcoming the resistanes
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! in soue way, the safety apparatus oou’l not act, bacanse the
istt chain had to be unwound off the drum by the despending
cage ; conuqnentl{ the cage foll, nntil ¢ was rnddenly brought
up when the chain became taut. 'I'hp spparatus which Mr,
Davis had mentioned was applicable in all cases ; but even
that, it was evident, might somciimes fail,
1 reference to the gas engine, Mr. Walker advocated its use
t for pnmpin? with hydraulic machiuery, as recommended in
! the paper. It being best and safest to use hydraulic machinery
 in lifts, it did not matter whether the power was obisined by
i stcam or engines, or whether it was ready stored in street
mains or in a tank, so long s the most economical means
: a:iaihblle at any particular place for obtaining the pressure were
, sdopted.
i With regard to Mr, Colyer's remark onthe lifts at Seacombe,
!he sould point out that they were not coustructed at all npon
the system adopted by Mr. Clark for the Anderton canal lift.
The only connection between the two designs was that in both
the two lifts were connocted by a valve, so that as one went
down loaded the other went up empty.

Mr. Colyer had further stated that it was not the fact that
there wag a limit to the height of lift with a direct-acting ram.
The statement was only correct on the supposition of there
being & bslance weight and chains on the lift ; there was then
no limit to height, Supposing however there was nothing but

: a dircet-acting ram (which was the point he wanted to arrive
i at), and excluding the effect of the hvdraulic balance, there
| was a limit, with a given pressure, to the height to which the
“1ift could be raised, as_was clearly shown in the paper. Mr.
. Colyer also stated that almost any speed could bi obtained with
any high-pressare hydraulic 1ift; but his own exverience was
‘ that, in the perticular case of a chain.balanced lift, such as

shown in Fig. 11, Page 86, it wasimpraticable to obtain high
speeds of working, excepting of course with exceedingly high
regsures, He did not know of any instance of a lift of that
ind, with pressures of water uuder, sy, 200 lbs. per sq. in.,
wllxicl:i worked at speeds of anything like 150 ft. per min. with
a load,

In reference to Mr. Tweddell’s remarks, he himself was also
of opinion that in a great many instances & chain lift was the
right thing to use ; but only in cases where a direct-acting ram
lift was impracticable. He also agreed that, if a chain lift was
properly constructed, if all the parts of the chains and attach-

| ments were exactly as they should be, and if the superinten-
ideuce was good, there was reasonable security in the use of
jsuch a lift, His point was that superintendence as & gen-
; eral rule was not good, and that in the majority of cases such
{ lifts were not made in accordance with the best rules ; and
i therefore, speaking as to general practice, he did not think that
the system was one to be recommended.

With regard to particulars of efficiency there was a very good
reason for taking the observations at the slowest practicable
speed at which the lifts could be worked. If any increased
specd had been taken, of course & lower efficiency would have
resuited ; but the unknown effect of the friction of water in
the pipes, valves, and passages, would have made the results of
no value for pu of comparison. The observations were all
taken from lifts which bad been actusally working, some for
many years, and some only a few month:. He had however
given in a Table the maximum speed at..ined, when the lift
might be said to have been doing no useful work, and the whole
of tho power was absorbed in friction, excepting that amount
which was needed for lifting the dead load subsequently used
to bring the cage down. e net loads lifted as given in the
‘Table did not include the weight required to bring the cage
down empty at the working speed of descent ; and the colnmn
of cfficiencies gave the ultimate efficiency when the cags was
just balanced. In many cuses of passenger lifts this latter
would be the most desirable working condition ; but tha precise
twargin of power allowed must of conrss depend on the special
arcumstances under which each lift was to work.

It might also be pointed out that, as a general rule, loads
f had to be lowered as well a8 raised; and as stated in the

paper, the particular arrangement of hydraulic balance, as
shown n Fig. 17, Page 37, rermitted this fact to be turned to
Weful aceount for increasing the liftin§ Rower in the ascent of
. the Joaded cage. When working the lift in this way, the effi-
* ciency on Mr. Rich's assumption wonld be apparently as much
- as 100 pér cent. The true loss by friction st constant speed
teing practically constant, a method of calculation which would

e e

_ produce these anomalous results could not be acoepted as being
¢ of any scientific or practical value. There could not of course
i be any real difference between Mr. Rich and himself on this
L

matter. The Table ot efficiencies in the papes nod eviGently
20 reference to the Ymtiod efficiency real tinder ordinary
eonditions of working; but it gave the m~xi'aum i iciency
under the most favourable conditions whon the cags was just
balanced. Mr. Rich had given a columu of whal: might be
tormed the practically useful effects uuder one partisula: oom.
dition of wor 4 bat the efficiency thus obtained was iimited
to that particular ocondition, and was not the maximum. It
was worth notice that Mr. Rich's column of efficiencies gave &
much greater proprrtional incresse of efficiency for the authors
hydraulic-balaice lifts than was given by the Table in the

)

per.

paAs to (ke length of the raia subject to compressive straln,
the greatest proportion of length to diameter that he had him.
self used was somothing under 180 to 1. 1n the osse of the
greater proportion referred to by Mr, Tweddell the ram was for
halfits length in tension. He was aware that there was & want
of experimental dats as to the behaviour of long columns under
straing such as those upon the ram in a direct-acting hydraulie
lift. He believed *he proportion of about 120 to 1 was the
groatest at which any reliable experiments had beep made ; but
the abore proportion of about 180 to 1 he had used in lifts for
many years, and they had given exceedingly good results. In
another oese there was s 83-inch ram with s stroke of 50 ft, 6 in.,
beinﬁhe lift constructed as shown in Fig. 16, Page 37, That
rsm had been loaded, without any guides at all to support it,
with about twioce tho working load, and under those conditions
the bending of the ram was of no moment. He had also run
that lift up at full apeed, without any load on, against the
stops at the top, There was a slight spring, aud it then came
to a stand without any damage to the ram or to the machinery.
As a rule, the rams for these hydraulic-balance lifts were m

of solid ateel. Of conrse it was possible to get solid bars ve
much longer than hollow tubes, 80 that joints could be avoided,
st any rate in the centre ; and steel might now be got so tough
that such a ram might be tied in a knot without fractare, More.
over, directly the deflection of the ram, from any cause, became
at all serions, the friction on the guides would Ze 80 great that
the lift would necessarily atop.

Mr. Tweddell has asked for particulars of the revolving or
Cyclic lift. Ho had ventured in such a lift, but cettainly for
general use in dwellings it was not the right thing. Hethought
it a decidedly dangerous srrangement. There wete no doors
either to the lift or to the well, It was extremely slow in its
action, and it was made with the plate chains which Mr, Wal.
ker advocated, but which Mr., Colyer condomned. No doubt a
plate chain_in some circumstances was a very good thing, but
on the whole he would rather have a short-link chain for conti,
nuous use.

Mr. Rich had expressed his preference for a chain.balanced
direct lift. No doubt if that gentleman had to do with the
oonstruction of such & lift as was shown in Fig. 11, Page 38,
it would be made to all intents and purposes secure ; and he
himself should have no hesitation in going up in it at any
time. Bat the security would be due to the good construction
of the lift, the principle being defective. An accident such as
that at the Grand Hotel in Paris was quite possible, not so
much from the breakage of the chain, as from the breakage or
disconnection of the ram from tho cage. 3fr. Colyer had sug.
gested that the poiut noted in the paper, as to the strains
upon the ram being in tension at one portion and in compres.
sion at anotaer, was of very little moment; that it was a
mely theoretical matter, If however that theoretical matter

been borne in mind by the constructor of the Grand Hotel
liRt, he beligved the accident wounld not have happensd. Pro.
bably it had been thought that the ram was only pushing the
cage up, and that therefore its connection with the cage was o
secondlg matter ; bt if it had been cousidered that the upper
part of the ram was practically hanging from the cage, it wonld
rather have opened the designer's eyesto what was the trus
character of a direct-acting chain-balanced lift, as regarded
security. Practicslly it was this, that the ram and its cy%.iuder
became a safety apparatus to the lift, while the motion was
dus to the counterbalance.

Ile conld quite understand Mr. Colyer’s advocacy of & low-
pressure lift, for he also preferred counterbalauce weights and
chains, which were unsuitable for use with high pressure.
Taking for example a 1ift 96 t. in height, the working pressure
being 700 lbs. per ag. in., obtained from a system of public
hydraulic power, it be necessary to abandon the direct-scting
ram unless the hydrsulic balance were introduced, for cther-
wise the cost of the power would be prohibitive, The smallect
atea that oould possibly be given to the ram would.still-be




suflicient, when svbjected to so high a working pressure, to
lift not only the load, but the weights of the ram and cage as
well ; and 1t would be uscless to balav .o the lift ut all with a
chain and weight. But tho principle of his own hydrulic
balance was that the 1ift coull

any required size to give security, and by the addition of a
second ram of any vonvenient stroke, alongsiule that Lft-ram,
the latter would be perfectly salauced, its displacement would
also be balanced, and the same balancing eflect would be ob-
tained as that duo to a heavy chain and counterweight in a
low-pressure lift ; thus realising the advantage of high pressure,
without sacrifice of economy and with additional security. The
addition of this second ram certainly compared favourably in
poiut of complication with chain counterweights and head
gear. Moreover with u high pressure of water the lilt could b
worked without a bolance at all, since the balance -.. such a
case as that shown in Fig. 18, Page 10, was really only an
economiser of power, Therefore tn case of any serious deran.
gement, o1 need of packing a gland or inserting a new leather,
which Mr. Rich feared wobld often happen, then, if working
at high pressure, the valve shown in Fig. 20, Pago 40, might
simply be closed, and the lift might continue to be worked
without the balance until all was mado right again. But in
using hydraulic rams it was not absolutely necessary even to
use & balanco constructed as shown in Fig. 17 and 19, Taking
Fig. 15, ]’a%o 37, as an illustration, the lower cylinder B
would be made of smaller capacity than the upner cylinder D.
There would thus a differential arrangement, ana the cylinder
A could be reduced, and the wholv of the counterweights aud
chains E could be taken away ; precisely the same effect would
then be produced as with the balauce arrangement shown in
Fig. 17, Page 37. There was yet a further simplilication, in
which the lower cylinder B, Fig. 15, could be dispensed with
altogether.
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THE WELLAND CANAL.
BY CECIL BRUNSWICK SMITH,

(Swarmer Report for 1882 tn Coursc of Civyl Enguncerung,
McGrll Unaversity.)

This report gives a short historical sketch of the
different canals known under the gemeral head of
#*Welland Canal” and, also a more detailed description
of the locks of the new Canal.

The most obvious method of providing free vessel
communication between Lakes Ontario and Erie, and
so overcoming that great obstacle to navigation, the
Niagara Falls, was by a canal, the realization of which
-has conferred a lasting benefit on Canada. MMr, W,
H. Merritt, MLP., first resolutely set himself to obtain
this canal, and with a few neighbours made a rough
level survey of the country through which they pro-
posed it should pass., They then pstitioned parliament
for s proper survey, and 82,000 was granted for the
purnose. As a result of this survey « The Welland
Canal Company,” with a capital of £40,000, was in-

¢ corporated in 1323, and vessels first passed through
' the canal in 1529.

In 1837, the Governmeut seeiug how advantageous
this Canal would be to the country, bought up the
shares of the company and, in 1842, hegan the enlarge-
ment aud improvement of the Canal.

NGTE.~Remains of ono of the small wonden Jacks of 1829
may still be seen at Thorold.

The canal not only provided tho much needed ves-
asl communication between the two lakes, but alco gave
very great accomodation, in the form of water power,
_ to factories and mills, and along 1t3 course from Laks
to Lake there are now many in operation.

‘The need of a larger and deeper canal soan hegan to
be folt, as 1o vessols drawing more than 10 ft. of water,
or xiore than 140 ft. long, could pass through the
caual. Many years before this tha Welland Railway
had heen hwlt for the expross purpose of lightening
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veasels at the ends of the canal, but this was found by
the ship owners to boe very expensive.

Thoe main requiremont was larger lock accomodation
and, as a great amount of small traflic could still go
through the canal then in operation, it was dezided to
build an entirely new set of locks, and a corresponding
length of canal,

It was also considered advieable to build the locks
of such a sizo as to allow of a tug remsining in the
lock alongside the vessel. "I'he locks were therefore
made of ample width (46°,4") an obvious advautage,
as owing to the increasing scarcity of horses, tug-power
is much less costly than horse-power.

In the year 1870, surveys for the location of & new
canal were made, and in 1873 bezan the work of con-
struction.

It soon became evident that the Cavadian Govern- |
ment had determined to build a very superior strue. ;
ture both in workmanship and equipment. i

The work was completed in 1881 and oven a super-
ficial observer can at once see that it is a complete |
structure in eve y respect. i

No one uv.u have any hesitation in saying that it
is one of the best canals in the world.

216,000,000 seems a large sum to pay for some 13 .
miles of canal, but the benefit will be great, and future
generations will see the wisdom of the undertaking., |

This new canal branches from the old one at Allan- |
burg, 19 miles from Lake Erie, and, after taking an
easterly déteur through the country, joins the old -
canal sgain at Lake Ontario.

The old caunal was deepened from thie junction at
Allanburg to Lake Erio, and thus, vessels drawing .
uz;dex- 12 feeb of water can pass from one lake to the
other.

On the locks, bridges and guard gates of this now
canal about 300 men are constautly employed, 8 men
at each lock, and thus there is a heavy running ex-
penss which is however more than counterbalinerd by
the tonnage tolls charged for passing through the canat. |

The main prism of the canal has a bottom width of
100 ft., is 12 ft. deep, and has side slopes of 1 to 2,
thus making the surface about 130 feet across.

The rock excavation, however, is 14f{t. deep, so
that if at any future time the canal needs deepeuing, it
can bo effected without much difficulty.

The contract price of earth excavation ranged from
20 to 30 cts. per cubic yard, that of rock from $1.00
upwards. This excavation was evidently the chief
item of exponditure, the next in order baing the Jocks,
and then the regulating weivs.

The teuders for the locks ranged from £160,000 ¢
cach, downwards, according to the distance of the quar.
ries fram the work, but most of them were much less,
The highest tenders werve given when stone was to he
brought from the Peléo Islands, but subsequently good
stone was found in the vicinity of the canal, so that
the cost of transportion was materially reduced.

In the 13 miles from Lake Ontario to Aluuburay, .
the difference of lavel is about 313 fest apd as thero
are 25 locks in this distaves, the avorage lift of eiwch
lock isabout 13 {eet  The lifts range from 16 feet to
12 feet. From Allanhurg to Lako Erne there 1s ons
lovel, but zuard gates ara placed at each end of this
Iongth.

A subject closely rounected with that of the canal
proper is that of Weirs. On the old canal very fow
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weirs wore roquired but, with such a large body of

water as in the new canal regulating woirs becomo an
| mportaut factor. These weirs have stone sides

throughout their whole length to prevent the wearing
l of tho soil, and stono bottoms part of the way ; they
{ ure connected with one anothor and the canal basin.
The flow of water 1n thom is generally rapid and is re-
1 zulated by sluices. The sluices are simple in design
! beang meroly squares of sheet iron which are raised
» and lowered by serews,
i The cost of building these weirs was considerable
. owing to their oxtent, some being at least 100 yards
wide.
t Tt is now proposed to describe the locks of tho new
canal, and as they are all similar, attention will be con-
’ fined to lock No. 7, which will be discussed under the
¢ following heads : —

(1) General description of tho lock.

(2) Timberwork of the lock.

{3) Masonry.

(4) The lock gates. .

' (5) The machinery for opening and shutting
I Jock gates.
l (6) The machinery for opening and shutting
| sluices.
< (1} Gexenrsr, Descrirtion.—Lock No. 7 is 270
fect long from main sill to main sill, 46 ft. 4 ins.
; wide on the upper reach, and 45 ft. wide on the
~lower. The walls (Figs. B and C, page 30) are 29 ft.
“lin. in height, and have a front batter of 1 in 24
oxcept in the gate recesses whera they are vertical.
The coping is 1ft. above the water surface. These
walls ave backed up by 3 feet of 1ammed puddle to
make them watertight, The contract price for this
puddle ranged from 73ects. to $1.00 per cubic yard and
there ave about 2750 cubie yaids in euch lock.

Thers are 12 feet of water ovor the mitre sills on the
lower reach and thus any vessel which can pass through
the St. Lawrence canals may entor the upper lakes by
this route.

(2) Truserwonrk.—The principal feature under this
head 1s the floor of the lock.

On the bottom are laid two 12-ims. x 12 ins. mud
a1lls, one on each side of the lock, extending through-
out its whole length and parallel to its sides. Across
. the lock at intervals of 12-ins., are stretched 12-ins, x-12-
ms. stringers, all of Oak. Upon these is laid a course of
3 mx. pine planks, which again is covered by a top
i course of 2-ins. pine planks breaking joint with those
. beneath,

'he gites are all of white oak. The mitre and main

sil's (Fig. 1, page 84) are made of 19ms. % 19-ins. tim-

« bers bracod together by 34 ins. x 83 in., wrought
won straps which are fastened by 14 in. bolts.

the
tho

SUMMARY OF TIMBER.
S S
(l):‘n{o hm‘l‘)er in witre ?‘ﬂl plat;f.ormsz 13602, 6"
Auchor timbers.eccee ..
Splice blocks. ... .ooeee
Mudsills...ooen oo.e,

eeeese 1807
... 1308’
vesees 141567
Total 16,506 cubic feet.
3. MasoNry,—All the masoory of the lock, with
the oxception of the wing walls is cut ashlar hmestone
.of a very firm texture, hard and close-grained, but
which stains somewhat after a time, proving the pres-
ence of iron.
from 10 to 25 cubic feet.

AND THE INDUSTRIAL ARTS,

The stones are large, each averaging

e e e

—— —— ———

The greater part of the stone came from quarries in
the neighborhood, (Quucnston, St. Davids, etc.), but
tho stone for hollow quoins was brought from the
Poléo Islands in Lakeo Erie, and was cut and dressed
ready for use at the quarries.

Most of the stone was cut by British stone-cuttere
whose wages averaged from 82.50 to $3.00 por diom.

The wing walls are of ashlar but not face-cut. The
stones are meraely squared and trimmed at the odges,
and ave aleo smaller. All the masoury is laid in Tho-
rold cement mortar. The contract price of this coment
was about $1.50 per bbl, (delivered).

At the back of the chamber walls are 24 counter-
forts, 12 on each side, their dimensions being 67 x 3’ x
29*1°.  The puddle is rammed in between them,

SUMMARY OF MASONRY.

Chamber walls  117,929:5025 Deductions,

Couuterforts 10,404 Chain holes 1166 8552
Recess walls 81,198 Receases 111720812
Upper wings 7,780°648 Round. of copings 2574144
Lower winys 7,349°122  Checks $:96
Breast walla 3,286.7945  Nosing 9.4146
227,948'0670 -. Cubic feet . . 12,0614:7254

12,614°7254

e -

215,333:3416 do 7975308 C. yds.

The contract price of this masonry necessarily varied,
but 83 to $12 per cubic yard will include the prico of
almost all, although when the stone was easily obtained
prices fell a3 low as §5 per cubic yard.

Great difliculty was exporienced in building the
hoMow quoins go as to prevent their settling unevenly.

In onc or two instances the gates had to be taken
out and retrimmed so as to make them water-tight, but
in goneral no uneveuness has occurred.

L. Lock gales.

These gates ars four in number, 2 at each ond of
the lock. They are about 2} ft. thick and are made
of white Oak timbers bolted together so as to form
a solid mass except in the upper part where they are
left hollow for a fow feet and loaded with flat bars of
iron according to the strain which may come on them.

At the centre of the lock where the two gates meet
they are bevelled to about 60 © 80 as to form a water-
tight joint, the other edge is made circular so as to fit in
the hollow quoins, (Fig. E, page 80),and form a water-
tight joint. The same provision is made at the bottom
by bringing the gates against a mitre-sill 19ins. decp.

On each face of each gato and ruanning from the top
corner at the hinge across the gate to the diagonally
opposite corner, is a heavy wrought iron bracé 6-ins.
x 2-ins, which effectually prevents the gate from sagging.

The whole weight of each gate (minus the weight: of’
water displaced by the gate) is suspended from the
coping which is therefore made very strong at the point
of suspension.

An iron plate bolted to the coping and stayed by
5 bars also securely bolted, has a circular-shaped rim
(cccentric with the hollow quoin and about 100 © in
extent) projecting above it and about 4 ins. square,

A wrought iron hook-like piece bolted firmly to the
gate engages with this rim and is kept from binding

and held in position, by a series of small iron rollers, |

placed outside the rim and in a circle eccentric with
it ; on these rollers the aforesaid piece runs as the gate
opens and shuts, (Fig. 2, page 84.)

83
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5. Machinery for opening and shutting sluees :

The machinery fur opening and shutting one pair of
gates is divaded 1nto 4 sets similar to one another, two
on cach side of the lock. (Fig. F, page 80.)

A description of one of thess 4 sets will suftico for
the whole.

A circular vertical chun well about 2 ft. in diameter
is madeabout b feet from the wall front. An outlet from
this into the lock is obtained by meansof a square pas-
sage through which the chain passes, and which also
ofters a mnode of eutrance for repairs.

The ciwmin is attached to the outer edge of the gate
2 or 3 feet from tho bottom ; it passes lirst into the pas-
sage and over a gurde pulloy 10 ins. in diameter, then
round a concave drum 20 ins. in diameter, which re-
volves on a horizontal asis 10 ins, long, and finally up
the chain-well and round another barrel drum to which
it is fastened. .

This drum is turned by a simple combination of two
berel wheels wath a third smaller one, the latter being
used only when purchase is needed in case of a storm.

A lever turned by a man, walking in a cireular path,
sets the whole arrangement in motion and eifects the
closing or opening of the gate. Tho machinery for
opening the gate is 25 feet from the hinge up the lock,
and that for closing is 10 feet down the Jock.

6. Mackaery for opening and shutting gates .

A cunning device has turned to account the flow of
water.

In fact it does away with one hard part of a lock
man’s toil on this canal, viz.,, the opening and shutting
of the sluices. If it has only done so partly, the fault
lies entirely with the lockmen themselves, as will after
wards bo shown. e prime-mover by means of 2 bent
lever and a rod, {. »m his position on the platform of
the gate raises a small sluice about § ins. x 12 ins.,
which allows the current to act upon a small turbine
beneath low-water level. This rotates a small rod
which transfers the power to near the wop of tho gate,
and sets in motion a train of wheels, and finally a very
slow motion is given tw a hollow tube, the inner side
of which is 1 the form of a nut, through which passes
a heavy screw. This screw raises and lowers the sluice
through which the water pours down. The sluico is
rasod at first very rapidly, then slower, and at last
stops when the water finds its level.

But as there is slways a slight current in the cinal
{made bythe Weirs) a simple reversal would cause the
sluice to slowly shut down again, and hore carelessness
has detracted from its usofuluess. The reversal is ef-
fected as follows -

The current may, at any time, bo shut off by simply
sliding a clutch up ong of the axes (next to the final
one) and allowing the spur wheel on this axis to nde
loosely (clutch 4, Fig. IV. page 84), but at the same
time that vno clutch s raised, another (B) is lowered
and thus forces another spur wheel on another axis to
turn as the axis does ; but this axis turn in an oppo-
sito direction to the first one and thus the metion is
roversed and the screw lowered, but unless one clutch
18 entirely lowered the other will catch on the spur
wheel and get broken. For this reason the reversing
cluteh had to bo turned upside down and the sluice
lowered by a erank.

The value of the train of wheels is about 2-13 x
2.13 x 2.5 equals $-§45 or about 1106, The pitch of

the scrow is % inch, so that about 212 revolutions of
the turbine rod are necoded to raise the sluice I inch;
the sluwces are raised in about 2 minutes. These
sluices are about 5 ft. x 1} ft. and are shaped as in
Fig. V to withstand the pressure.

- -

MORTAR. (Huliding Newwe

Certazn recent decisions have brought this subject prom-
nently before the trade, and, indeed, from cvery poiut of }
view 1t 15 one of very great importance  Whather the mortar !
18 good ot bad, and whether it issuited to the purpose to which |
1t 1s applied, are matters which concern not only the builder
but the tenant,  The durability of the mortar is also of con-
siderable moment, aud it is noteworthy that the :uodern mnade
hune has never attained the hardness of that manufactured by
the ancients. ‘This may be sccounted for by the length of
time which they allowed the mortar to stand before nsiung.
‘The lapse of time also may have something to do with the
hardness. The best mortar i3 not to be obtained from burn.
ing chalk—a very common practice—as it contains too great a
quantity of foreign matter; while to obtain really good tena.
cious brickwork stifl made mortar should be used with wet ma-
terials, The “rich limes” are more preferable for ordinary
building purposes, as they increase iu volume when slaked,
and they also carry mere sand. The disadvantago which at-
tends the use of the rich lime is that 1t is inapplicable for
external walliug, or, in fact, for any works likely to be exposed
to running or tidal water. In the matter of buildings which
are exposed to the action of water, hydraulic lime is the ouly
kind proper tor waking mortar. ‘Fhis description has un im-
mense advautage over the rich lime ; it has the power of setting
uuder water. There is au artificial hydraulic limo made by
the addition of clay contawing soluble silicate of alumina to
the pure carbonate of lime, 1t may bo made also by adding
pounded v underburnt brick or tiledust, to the mortar of rich
limes. T ese artificial hydrea ilic limes are well fitted to resist
the soluble action of water. In mixing them the greatest care
should bo exerciscd, aud no deta should be left to the eye or
Judgment of the labourer conducting the process of slaking.
‘The sand used must be free from loam and clay, and be dis-
tributed cqually through the mass.

The mixing of ordinary mortar is also occusionally varied by
the addition of foreign substances auch as smiths' ashes and
pounded tiles. Where the mortar is to bo used for pointing
old brick work aud for analogous purposes, the addition has
obvious advantages. A mortar of the kind shounld be aveided
for interior work, the ordinary and unmixed wmortar being pre-
ferable,

The most important stage in the process of making mortar
is “slaking,’”” This is & most delicate operation and caunot
have too much care bestowed on it. ‘The primary peint to be
kept in view is not to add more water to the materials than
will bring them to the consistency of tepucious clay. The rich
lune especially requires care in the slaking. .\ much greater
quantity of water may be used than with the hydraulic, some
builders reduciug it to a fluid state aud running 1t ofl mto a
tank, where the excess of water evaporates.

‘Taere is considerable danger to the buildiug where the mor-
tar hardens too rapidly, many of the fractures seen in modern |
buildings being due to this cause. The chances of mortar
hardening rapidiy becomne less as it lies remote from the surface
of the wall. It may also be noted thaf petrifaction greatiy
depends on a suflicient supply of carbonic acid. The chemistry
of wmortar 15, however, obscure.  The primary cause of its hand-
ening is due to the formation of catbonate of lime, though in
some very old samples a silicate of lime also appears to have
formed. As we know nothing of the proportions and preparation
of ancient mortars, and our far ofl’ posterity will be equally
ignorant of to day’s practice, it is evident that no analysis
will ever give other than approximate results.

RE Y

Tur Mopnisc-Breni, Etecteic Rainwar.~The track is
1-moetre (3.28 ft.) wide, the maximum wnchine is15 in 100, and
the minimnum curve radius s 30-metres (98.4 ).  The maxi-
mum apeel will bs 20 kilos (12.4 miles) per hour. The sta-
tions, k¢t important points, will be provided with telegraphic
and telophonic apparatus. The trains will consist of 3 cams,
oach with 18 seats, per eugine.
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PRESERVATION OF RAILWAY TIES.

Soute tuterestiug data ure pubiished showing the relative
v value of ditferent methodx of injecting railroad ties. On the
< yonte lrois Hauover and Colugue to Minden, for example, the
pne tiex iwgected wath chiloride of ziue required a renewal of
twenty-ono per cent, alter a lapse of twenty-one years; heech
ties mjreted with creosote required a renowal of forty-six per
cent atter twenty-two years’ wear ; ok tiesinjeet lwith chlor-
wle of ane reguired renewal to the extent of abou> twenty-one
Pt cett atter seventeen vears ; while the same kind of ties
uot wjected necossituted fully forty-nine per ¢ mt of renewals.
The ronditions m all these cases were very favorable for relinble
testy, and the road bed was good, permitting of easy desicca-
tionn . the unrenewed ties showed, on cuttiug, that they were
w condition of perfect health.  On another road, where tho
oak ties were not 1jected, as large & proportion as 74°48 per
cent had to bo renewed after"twelve years , the samo degeription
"ot ties wjected wath chlonde of zinc required ouly 3-29 per
cent ronewals atter seven years, whale similar ties injected with
. creosote involved, after six years, but 0°09 per cent.

CrTTING Grass By EvectriciTy.—M. Fahdt of Dresden
cuts glass in the following manner :—
He surrounds the glass vessel with a copper wire connected
by two screws to the poles of an electric battery. The wire
" brcomes red hot on the passage of the current, and the glass
13 evenly cut, under the action of the heat develaped.

AvTOMATIC LocosorTive DISTANCE Iypica. r.—Y, Gis-
como Leto Vito, a Sicihan, has just inveyted a very simple
* wachine which gives the driver the following information :—

1st. 1t indicates the position of tho train within about 30

(2
2ad. It calls his attention by a whistle at all points at
© which great watchfulness is required.

These results are obtained by a system of toothed wheels
aud by a cord which uawinds like the puper band of the Morse
machine. When this cord, divided unto equal sectious pro-

- portional to the distauce truversed, is at a dangerous point,
the alarmewhistle is sounded by a special contrivance.

OXIMSABILITY OF CAsT-IRON, STEEL, AND SOFT IRON.—
: In arec-nt namber of Comples Rendus, M. Gruuner gives an
account of his researches on the relative oxidisability of cast
¢ 1ron, steel, and soft iron. Various plates, suspended in a
fraine by thetr four corners, were immersed simultaneously in
- water, acidulated with § per cent. of sulphuric acid, or sea-
~ water, or were siinply exposedin moist ®ir or' a terrace. Infers
“aha, tn mowst air chromate steels were oxidised most, and
tungsten steels less than mere carbon steels.  Cast-iron, oven
with manganese, is oxidis~d less than steel and soft irou, and
white specular iron less than grey cast-iron. Sea-water, on
the other hand, attacks cast-iron more tban steel, and with
special energy whito specular iron. Tempered steel is less at-
tacked than the same steel annealed, soft steel less than man-
ganese steel or chromate steel, etc. Acidulated water, like
s=a-water, dissolves grey cast iwron more rapidly than steel,
but not white specular iron ; the grey impure cast iron is most
strongly attacked.

- - —— v ——

ELECTRIC RAILWAYS. (Nature.)

Abstract of a lecturc at the Royal Institution by Prof. W. E.
Avnien, F.R.S

In clectric transnission of power there is not only waste of
power from mechaniceal friction, but also from electric friction
atiung from the electric current heating the wire, through
which it passes.

Prof. Ayrton explained a~d demonstrated experimental-
Iv that this Jatter wuite could be made extremcly small by
Plaring so light a load on tho electro-motor, that it ran uneatly
as {ast as the generator or dynamo, which convert:d the me-
chauical energy into electric cnergy ; actual experiments lead-
ing ta the result that for every foot-pound of work doae by the
steam-engine on the genemtor, quite seven-tenths of & foot-
pound of work can bs done by the distant motor.

Uae reagon why electric transmission of power can be effected
with so little waste is because eloctricity has apparently no

(Ere—

|

wasr, and cousequently uo iunertia; theie is, therefore, no
waste of power in wmakiung it go round & corner, as there is with
water or with any kind of material fluid. Another reason why
electro-motors are so valuable for travelling machinery is on
sccount of the hght weight of the wmotor. Experiment shows
that one horse-power can be developed with 56 lbs. of Jdead
weight of electro-wotor, aud that for large electro.mnotors of
suveral horse.-power the weight per horse is even much less; a
result immensely more favourable than can be obtained with
steamn, gas, or compressed.aic-engine.

In eddition to the loss of power srisiug from the heating of
the wires by the passage of the current, there is another kind
of losy that may be most serious in the case of a long electric rail.
way, viz., that arising from actual leakage of the electricity dues
to defective insulation. ‘To send an electric current through s
distant 1potor, two wires, a * going” and *“‘return” wire must
be employed, insulated from one another by silk, guttapercha,
or sotne insulating substance ; and if the motor be on a moving
train, there mustie some meavs of keeping up contiruouscon.
nection between the two ends of the moving electro.motor and
the going and return wire, The simplest plau is to use the two
rails as the two wires, and make connection with the twotor
through the wheels of the train; those on one side being wlel in-
sulated from those of the other,otherwise the current would pass
through the axles of the wheels instead of through the moter.
It is this simple plan that is employed in Siemens’ Lichterfelde
Electric Railway, nots running at Berlin ; the insulation arising
from the rail being merely laid on wooden sleepers having been
found sufficient for theshort length, 1% mile. The car is similar
to an ordinary tram-car,and holds twenty passengers. It wasex-
plained that on this latter railway, which was 900 yards long,
both the ordinary rails were used at the return wire, and that
the going wire was a third insulated rail rubbed by the passing
train. Iu this the going and return wires wers overlieadand
insulated, connection being maintained between them and
the moving car by two light wires attached to the car which
pulled alung two little carriages running on the overhezd in.
sulated wires, and making elzctric contact with them. |[Ex-
periments followed, proving that although two bate wires lying
on the ground could be quite efficiently employed as the going
aud return wire, if the wires were short and the ground dry,
the leakage that occurred if the wires werelougand the ground
moist was so great, 33 to more than compensate for the absence
of the locomotive.] Conszquently Prof. Perry and nysell have
for some time past been working out practical means for over-
coming these difficulties, and we have arrived at what we hope
is an extremely satisfactory solution. Instead of supplying
electricity to one very long, not very well insulated rail, we
lay by the side of our railway line 2 well insulated cable, which
conveys the main current. The rail, which is rubbed by the
moving train, and which supplies it with electric energy, we
subdivide into s number of sections, exch fairly well insulated
from its neighbour and from the ground ; and we arrange that
at any mument only that section or sections which is in the
immediate neighbourhood of the train, is connected with the
main cable ; the connection being of conrse made automatically
by the moving train. As then leakage to -the earth of the
strong propelling electric current can only take from that sec.
tion or sections of the mil, which isin the immediate neigh-
bourhood of the traiu the loss of power by leakage is verr
much less than in the case of & siugle impsrfectly insulated
rail such as has been hitherto employed, and whick being of
great length, with its corresponding large number of points of
support, would offer endless poiuts of cscape to the motive cur-
rent.

Dr. Siemens has experimentally demonstrated that an eloc.
tric railway can be used fora mile or two ; Prof. Perry and
myself, by kecping in mind the two essentials of success, viz.,
attention to both the mechanical and electrical details, have,
we venture to think, devised means for reducing the laakage
on the longest railway to less than what it would bs on the
shortest.

For the purposs of automatically making connection be.
tween the main well-iusulated cable and the rubbed rail in
the neighbourhood of the moving train we have devised various
wmeans, one of which is seen from the following figures.

A B (Fig.T) isacopper or other metallic rod resting on the top
of and fastened to a corrugated tempered steel disc D b (of the
natare of, but of course immensely stronger than the corru.
gsted top of the vacuum box of an aneroid barometer), and
which is carried by and fastened to a thick ring B & made of
ebonite or other insulating materisl; The ebonite ring is itself
scoewed to the circalar cast-iron box, which latter is fasteaed to

pa—
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the ordinary. rarlway sleepers. The auxiliary rail A8 and the
corrugated steel discs bD bave sufficient flexibility that two or
more of the latter are simultancously depre:sed by an jansulating
collecting brush or roller carried by one or by all of the car.
riages, Depressing any of the corrugated steel discs brings the
stud F, which s eclectrically connected with the rod A B, into
contact with the stud G electrically connected with the well.
insulated cable. .

As only a short piece of the auxiliary rail AB is at any
moment in connection with the main cable, the insulation of the
ebonite ring £ & will be sufficient even in wet weather, and the
cast-iron box is sufficiently bigh that the Slooding of the line or
the deposit of snow docs not affect the insulation, The insula.

NS
-F1Gs 1.

tion, bowever, of G, which is permanently in connection with
the main cable, must be far better, For this purpose we lead
the gutta-percha, or india-rubber, covered wire coming from the
main cable through the centre of 2 specially formed telegraph
insulator, and cause it to adhere to the inside of the earthenware
tube forming the stalk. Andas, in addition, the inside of esch
contact box is dry, » very perfect insulation is maintained for
the lead coming from the main cable, Consequently as all
leakage is eliminated except in the immediate neighbonrhood of
the train, this system can be employed for the very longest
electric railways. Fig. 2 thows a modification of the centact
box when the ingulated rail 1, instead of extending all along the
line, is quite short and is carried by the train, and by its motion

FeG. 3.

in Fig. 5. In addition, then, to the small sections of 20 feet or
more into which our auniliary rubbed rail is electrically divided,
there would be certain fong blocked sections one mile or several
miles in length, for each of which onthe map 2 separate galvane.
meter and poinier would be provided. " [Experiments were
shown of the <ystem of graphically automasically recording the
progress of 2 train }

In the preceing witems there are several contact-boxes in
cach ccction nf the 1 ulated rubbed rail, and several sections of
the insolated raid in each <ection of the line blocked, but in the
next system the rubbed il is simply divided electrically into
long sections each of as great 2 length as the particular system
employed 1o 1sulate the rubbed rail will allow.  In thiscase we
arrange that the clectric connection between the main’ cable and
the rabbed conducter shail be autowatically made by the train

|

resser Jorwards atid duwawands a metallic fork on the contact-

ox, thus making coutact between ¥ and G, [Other diagrams
were explained, illustrating modifications of the contact-boxes;
in one case the well-insulated cable is carried inside the flexible
rail, which then takes the form of a tube, shown in Fig, 3; in
another case the cable is inrulated with paraflin oil instead of
with gutta-percha or india-rubber, shown in Fig, 4, &e.]

The existence of these con‘act-boxes at every 20 to 50 feet
also enables the train to graphically record its position at
any moruent oz amap hanging up at the terminus, orin a signal-
box or clsewhere, by a shadow which creeps along the mapof the
line as the train advances, stops when the train stops, and backs
when the train backs. This is effected thus:—As the train

passes along, not only is the main contact between ¥and G auto-
matically made, zs already described, but an auxiliary contact is
also completed by the depression of thelid of the contact-box, and
which has the effect of putting, at each contact-box in succes-
¢ion, an earth fault on an insulated thin suxiliary wire running
by the side of the line. And just as the position of an earth
fault can te accurately determined by electrical testing at theend
of the line, so we arrange that the moving position of the earth
fault, that is the position of the train itself, is automatically
recorded by the pointer of a galvanometer moving behind a
screen or map, in which is cut out a slit representing by its shape
and Jength the section of the line on which the train is, as shown

as it enters a ceclion, and antomaticlly broken as the train
leaves a section. The model before you is divided into feur
sections, each about 11 fect in length, and you sce from the
current detectors that as the train runs either way, it puts
current into the section just entered, and takes off current from
the section just left,

[Experiments were then shown of the ease with which an
electric train could be made to back instead of going forwards,
by reversing the connections between the revoﬁ-ing armaluces
and the fixed electro-magnets of the motor, also that the acd-
dentalreversal of the field magnets of the main stationary gene-
wtor, although it had the effect of reversing the main curreat,
produced no change in the direction of motion of an electric
engine, the direction of motion being solely under the control of
the driver.]

1
l

i
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But more than this, not only does the train take off current

from the section 1 when itis just leaving it, and entering sec-

" tion 2, but no following train entering section 1 can receive

current or motive power uutil the precediog train has entered

" gection 3, [Experiments were then shown proving that with

this system a following truin could not possibly run into a
weceding train even if the preceding train stopped or backed.
ow why does the following train when it runs on toa blocke
section pull up so fuickly ¥ The reason is because it is not
only deprived of all motive power, but is powerfully braked,

since when electricity is cut off from a section, the insulated
and non-insulated rail of that section are sutomatically con-
nected together, so that when the train runs on to a blocked
scction the clectromotor becomes a generator short eircuited
ou itsell, producing, therefore, a powerful current which rapidly
pulls up the eugine. [Experiments were then showu at' the
speed with which an electromotor, which had been set in rapid
rotation aud then deptived of its motive current, pulled up
wheu its two torminalg wero short-circuited.)

Whenever, then, a train, it lnay be even a runaway engins,
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enters on a blocked section, not only is all motive power with.
drawn from it, but it is automatically powerfully braked, quite
independently of the action of the engine driver, or
siguslman. No fog, nor colour-blindness, nor different codes of
siguals on different lines, nor mistakes arising from the ex-
hsusted nervous condition of overworked signul-men, can with
thia system produce & collision. The English system of block-
is merely giving an order to stop a train ; hut whether this is
anderstood or intelligently carried out is unly settled by the
happening or uon-hagpening of & subsequeut collision. OQur
Absolute Automatic Block acts as if the steam were sutoms-
tically shut off and the brake put on whenever the train is
Tunning into danger ; nay, it does more thau this—it acts as
if the fires were put out and all the coal taken awsy, since it is
quits out of the power of the engine-driver to re-start his train
until the one in front is at  safe distance abesd.

Bat all trains will undoubtedly be lighted with electricity ;
must, then, the train be plunged into darkness when it runs on
%o a blocked section to which no electric energyis beiug sup-
plied$ No! If some of the electric energy supplied to a train
when it is on an unblocked ssction be stored up in Faure's
sccumulators, such as are at present used on the Brighton
Pulman train, the lamps will continue burning even when the
t:auin has ceased to receive olectric energy from the rabbed
rail.
When, then, we commit the catrying of our power to that
flest meseenpur to which we have been accustomed to entrust the
arrzing of our thoughts then shall we have railways that will
com inm economy and safety ; and lust, but not least to

us, we ve the antire absence of smoke.

- a chemical
. blow-hollds,

NOTRS ON THE RELATIONS OF MANGANESE AND
CARBON IN IRON AND STEEL.

BY M. ALEXANDRE POURCKL, TERRENOIRE, LOIRE, FRANCE.
(4 Paper read before the American Institute of Mining
Ergincers.)

_The perusal of Mr. Willard P. Ward's ¢ Notes on the Beha.
viour of Manganese to Carbou,” presented at the Washington
meeting of the Institute in February, 1882, has ted far.
ther retiections on the same geuneral topic, and has led to the
pr'elpanlion of the present paper.

_The aame obeervation that Mr. Ward has put on record in
his ¢ Notes™ was also made by myself st about the same time
(in August, 1875), and under
From s blast-furnace that was very Aol, as wsas the farnace
mentioned by Mr. Warg, I obtained a pis-iron containing
about §fteen per cent. of manganese, gray in color, aud very
tough. It conld be pulverized, bat could not be cut with the
chise). 1 analyzed this iron and found that it contaived, as I
had suspected, a large amount of silicon, From this fact I
drew the conclusion that the silicon had deprived the manga.
ness of its power of diseolving carbon, since the latter, instead
of occurring in the pig in combination, appeared gs graphitic
carbon. I thus saw reproduced on alarge scale, anu demon-:
strated in a visible way, the property that Colonsl Caron, a
French scienitist, had discovered in silicon,—the property of
obstructing the process of hardening in steels by keeping the
carbon in the graphitic condition,

An attentive study of the conditions under whick the pbe.
nomenon observed by Mr. Ward takes place led me to go back
to operations of synthesis, and to makeas I wanted them, pig-
wons containing varying guantities of silicon, manganese, and
carbon.  Am iron, thus prepared, was intended to serve meas

nt in &o prodactior of steels cast without
33 my lamented frisnd, Mr. A. L. Holley, has

most the same conditions.

introduced and made known to the United States. What
needed in order to mske very soft steels, cast without blow.
holes, was an iron which, when it wasadded to the bath of
steel, iutroduced into the bath a sufficient amount of silicon
and ,of manganese, with the smallest possible vroportion of
carbon. Now, in aualyziog aa iron similar in character to that
obtained by Mr. Ward, I found that the amount of combined
carbon in the iron was almost nothing, and that the total car-
bon wan between 3 and 3% per cent., instead of being from 5 to
53 per cent., as in ordinary spiegels containing 15 to 16 per
cent. of manganese.

1 then sought for a way of atill farther diminisbing the car-
bon by increasing the silicon and manganesc, and after a few
trials I fonnd that when the manganese and silicon are present
in the natio of their chemical equivalents, the carbon reachesa
minimum. It is well understood that the higher the percea-
tage of manganese and of silicon in the pig is raised, the lower
the percentage of carbon will be; an almost complets elimins.
tion of carbon might, indeed, be obtained by means of silicon,
but the law which determines that the percentaga of carbon
shall reach its minimam is fixed by the ratio Mn : Si. When
the manganess increases, the carbon increases also. For ex-
smple, I have produced a number of tons of iron with from 11
to 13.5 prr cent. of silicon, and from 17 to 19 per cent, of man.
ganese, and the percentage of carbon has been the least,—2
per cent.,—with 13.2 per cent. of silicon and 17 per ceut. of
manganese, that is to say, when the two substances are present
in the natio Mn : Si. (Mu=27.5, Si=21.)

‘What are the reactions that take place in the blast furnace
when a pig-iron, or rather an alloy, of this kind is produced
Are the phenomens simultancous or successive t My npinion
is that they are successive, and that the carburet of mangane.e
is the reagent that reduces the silica from which the silicon is
derived. We can in fact repeat that laboratory experiment
which consists in maintainiog & quantity of ferromanganese in
& molten condition for several hoursin s thick cruc;ﬁe, sach
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us is used in the melting of «teel.  According to the length of
| time, more or less, that the ferromangarese is kept in the
¢ molten state, wo find the walls of the cruetble to be more or

less uttacked . the wetal incorporates with itsell a notable
© quantity of silicon, and loses some of its manganese and car-
bon  lu this experiment there can be no doubt that the car-
buret of manganese is the reagent by whose action the silicon
is derived from the «ilica in the walls of the cruvible.

‘I'he laws of thermo.chemistry that have been established by
Berthelot’'s numerous fine experiments equally confirm the
opinion, to which | some time ago gave utterance, that when
silicon and manganese ocenr together in a pigriron or in s steel,
they arean a state of chemical combunation, as a silicide of
manganese, if the percentages of the two substances are in the
ratio, at least, of Mn  Si. It may, indeed, be atlirmed that
silicon when neutralized by manganese, that is to say, when
for each chemical equivalent of silicon there is present a little
more thau an equivalent of manganese, does not diminish in
the least the hardening property of steels. When the amount
of manganese inereases, the hardening property increases, since
manganese possesses the property of dissolving carbon, that is
to say, of keeping it in the combined state.

Asto the opinion of Mr. Ward that manganese has no in-
Jjurious effect on the wear of raifs, I may say that 1 hold the
same opinion, though for an entirely ditferent reason from that
given by Mr. Ward. The deterioration of rails from atmo.
spherie causes, whichnay be likened to chemical action, isdue
especially to their physical condition rather than to the chemi.
cal conposition of the ingot from which the rail was made. A
. porons ingot, full of Llow-holes, will produce a rail, on which,
after a fow months of service, the surface exposed to wear will
be covered with numberless little rays or streal , which sre
jnst so many more points of attack for atmospheric agents,
Such a rail if laid in & damp tunnel will very quickly become
useless,  Possibly it would be used np a little more rapidly if
it contained 2 high percentage of manganese, mt in no case
would the presence of that element be a principal cause of the
effect produced,

1f two rails, made from two ingots perfectly sound and free
from blov:-holes, are compared with cach other as regards me-
chanical wear, mny opinion, based on experience, is that the
rail whose hardness lies within the limits I am about to point
out, will resist wear muse efi~ctually than the softer one. "The
maxinuwm of rigidity, combining resistance to bending with
greut ,power of resistivg shocks, has been reachied in rails of
the following composition

Carbon, ccecenv.. .. cereues cerees 050 to 045 per cent.
Manganese, coeveeieeniiveaneaas 090 % 110 ¢«
Phocphoru,,........ B X LIRS LU
Sulphur, ceeeeeiiiiiiiii i V05 oo
SO, vt ee i ee it teeeeneaanns .02 L

These rils, wade from perfectly sound ingots, aud laid on
one of the busiest portions of a great network of French rail-
ways, after three yrass of trial have not given occaston for a
séngle rejection, and the wear cbserved has been insignificant
Of other ruls made from 1ngots equally sound, and ditfering
from the preceding only in having a smaller amount—from 0.5
to N7 percent.—of manganese, some, indeed, have always been
reiected after the regular test of three years, but that which
has been especially remarked is that there has always been a
notuble wear of the top of the rail.

It is also kuown to me that the rails which have best stood
the rude tests of percussion and bending, demanded by the
Russian railways, contain ubout w.3 per cent. of carbon, and
] from 1.1 to 1.2 per cent. of manganese. The manganese, with.
l out sensibly diminishing the clongation of the stee), increases
i

its tenacity and rigidity, as well as its power of resisting
shocks. It gives to the steel this grand quality of hardnsss
without hrittleness.

i Inthemonth «f August, 1551, 1 had at my disposition quite
i alarge number of old steel rails, made at diferent steel-works
| in Germeny, and taken from the railways of Alsace-Lorraine.
i Thesg mils had been worn out quite rapidly ; they were all in
¢ very bad condition. The oldest of themn Lore the date of 1874,
1 and the wark * Bochum ;" the most recent came from the
steelworks, “G. H Hatte,” and were dated 18791 Theso
! rails in their chemical composition corresponded for the most
} part with the formula of Dz, Dudley,—those, at least, which
! did not have any excess of phosphiorus or of silicon,—but their
| vesistance to wear hus not confirimed Dr. Dudley®s opinion.

'Q 11ave also been able to submit to the test of 2 blow a rail from

the Phanin steel-works, one from the Osnabnick steel-works,

and a third made by Hoeseh,  The Phocnix rail showed the
greatest power of resistance, but the metal is soft, 1t changes
ita form considerably, and lacks in rigidity. The Hoesch ral
changes in torm still more, and, begides, it is brittle. 1t broke
under the shock of a weight of 300 kilogrammes fulling throneh
#4 meters, the anvil weighing 12 tons (tonnes).  “The Phaunix
rail withstood the shock of the same weight falling through 44
metees,  The Osnabrach ral, like that of Hoesch, 1« Wittle,
but it chianges its form less easily

in conclusion, like Dr. Dudley, ! am of opinion that elements
like phosphorus, sihicon, and sulphur, wust be reduced to uu
absolute mmimum 1w good rail. [ should 1naist especially

on the phosphorns and the silicon. and lews on the sulphnr, bat |
1 do not put manganego in the category of ingredi-uts that ave

injurions, either to the rolling or to the as2 of the rai} ]
should give the prefevence to a metal coutaining manganese to
the amount of 1 per cent., as I have indicited above, which ix

exceellent for rolling and gives a rail of superior wearing guali- |

ties,

Tulle Showng Partial Composition of Different Rails

Description of Rail, Mu. C. } Si, ’ S. P,

Phewdin coveee .ooof U373 1 0.490 , o013 ' 0.044 | @102
KEPpy «neoeeenee d 0578 | 0,523 1 0,139 | 0 036 | 0.145
Jochum, (o...... .1 0.240 § 0.200 } 0.116 . 0.026 | 1,087
Union Dortmund, .| 0240 | 0.254 1 0.046 ‘ U u39 | 0239
ti H Hutte,.....] 0450 | 0.382 { 0139 ‘ 0.039 J 0.080
Osuabruck. ..... Lo 0586 | 0.170 | 0.466  0.045 | 0.u74
Hoeseh. .....o.o..f 0.453 | 0.330 | 0.291 i 0.U38 | 0.119

— A P 0.1 o ety

Tir SAREPTA STONEN. —At Sarepta, in Asiatic Russis, there
are very curiously forined stones, originating, according to a
popular tradition from roots. 3. Becker confirms this opinion
and states that the Tragopon ruthenicus, the Scorsonera Eusi-
Solue and the Euphorlia quardiana, are plants which reach
thewr fuil growths  white sand. Their long reots are inha.
bited and eaten away by insccts; a milky juice flows from
them, of which the calcareous element accumulates around the
root. When the latter has disappeared it is thus replaced by
a kind of artificial stono.

Pronters oF tHE CoMBUSTION OF CARmoN.—When carbon
burns in an excess of oxygen cirbonicacid is formed ; when the
proportions of carbon is increased carbonic oxide 13 produced.
This is a well knowa fact, but it is generally supposed that a
higher temperature favours the production of carbonic acid.
Acconding to M. Ledeburg, this conclusion is not altogether
true, and the two gases may be formed at the same time at the
following temperatures :—

Degrees C.O C.0:
Below the point of fusion of zinc 350°  78.6 21.4
At the point of fusion of zine 40° 724 276
Dall red 520° 714 288
Cherryred 700° 62.6 37.4
White heat 1100° 1.3 98.7

Temperature then is now the principal agent in the reaction.
——— e
‘““OGR BODIES.” (Kuneledge.d
JOINTS,

Bv Di. AXprEw Wisos, F.R.SE

The name “jowut™ is given to the movable surfaces
between two or more bones; and, as a matter of fact, mus.
cular movements discussed below) are directed towards the
movements of the bones concerned in forminyg the joint.
The scientific name of a jomnt 1 ~u articulation . and the
reason for the apphication of this name, at once to the con.
mected series of syllables and words which form ¢ speech,’” aud
to bodily mechauics, can be readily appreciated. There are
some five structures which enter into the formation of an ordi-
naty *‘joint.” Firstly come the dones. Then, sccondly,
bones are ticd together by stout fibrous co:ds, known as liga-
ments,  The heautiful ligaments of the kace, uniting the
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thigh to tho top of the shin-boue, or those of the elbow joint,
illustrate the cords in question. Ligamonts are related to the
sinews (or teudons) of musclos in their composition ; Loth
beng fibrons cords. Thirdly comes tho layer of gristle or
cartilage which coats the ends of the bones which rub on one
aucther in the movements of the joint, This caitilage is
walled artienlar artilage. 1t is of a beautifully sinooth, glis.
temng structure (as may be seen in o butcher’s shop, when we
mspect the end of & bone which hay just been turned out of
its socket), und is of a bluishe.white colour. This cartilege
acts the part of a ““bufler,” and serves to limit jarring and
concussion in joints, besides rendering the wovements of the
bones sinooth. The fourth structure found in a jont is a
peculiar membrane or layer, which receives the name of
sanoctal membrane, and which, practically, linss the cavity of
the joint. Thooflice of this membrane is to minufacture a
aglan fluid named synoviu, which serves as “joint ail,”
and which, being ponred out between the movable surfaces,
fubricates the bones in their movements, When, through
inflamation of the joiut, the syunoevial fluid increages in extent,
we watfer from what is popularly called ¢ drapsy ™ of the joint.
The fifth set of structures which may be found “agsociated with
Joints ure known as bursw.  These are little cushions or pads,
covered usually with synovial membrane, and placed in situa.
tions where there is liability to friction. The burse are to
the body, in fact, what the grooved whesl inside the sailor’s
“block " 15 to the tackle of & ship; they diminisk friction.
We discover them in situations where, for example, there is a
great play of muscle or sinew over any surface. Between the
skin and the knee-cap, for example, where, it is evident, much
friction must exist, a duree is interposed. .Another exists
between the great proi-crion near the head of the thigh-bone
and the hip muscles which rub over the projection at every
step we talzc.

snch being the general confinnation of ¢ joints,” we may
now survev the various forms of articulations met with'in our
frames.  There are three claises of joints to be found in the
Lodies of man and his neighbour ammals.  Firstly come what
seem to imply a contradiction in terms, namely immorable
sants. These are well represented in the dove-tailing which
15 seen between the boues of the skull, a process securing
unmense fivmuess of union. The next variety of joiuts in-
cludes those which are named mixed articulations. Here we
find only a limited range of movement, which may, as in the
spine, confer gencral flexibility, rather than exact movement,
upon the parts concerned.  In the spine, for example, we have
a series of bones, finmly united together (for the protection of
the spinal cord) by intervening plates of gristle and cartilage.
Thealternating series of bone and gristle-pads thus seen confers
a high degree of tlexibility on the spine, without permitting
anv definite range of motion between the separate bones.

But the most typical joints are these in which fres move-
ment in one direction or another is permitted. LU'nder this
head—that of movable joints—come the ordinary joints of the
body clbow, shoulder, ankle, kuce, fingers, toes, &c. It ia
very obvious to any one who swings his arm round and round
at the shoulder, that the movement there is of a different
nature from that seen in the kaee or elbow : whilst the fami.
Irar “* turn of the wrist " axain represents a third kind, Thus
1t becomes clear that we find in the mechagics of our bodies—
firatly, ball and-scket. or ¢ universal” joiuts, capable of free
movement in all directions. The doeper the cup, or socket,
the moro limited is the movement. Witness in proof of the
tact, the more limited movement of the hip joint (where the
cap 1s deepy compared with that at the shoulder, where the
. wup 18 a mere shallow “sancer’” of the shoulder blade. At the
vibor, kuee, ankle, and in the fingers and toes, lhinge joints
are represented.  The motion i3 backwards and forwards in
these joiuts but such a joint as the knee performs more com.
plex movements than are included under this description.
Lastly come the rotatory joints in which the movement takes
place 1ound a fixed point or pivef. When, after keeping the
fore-arm fixed with the palin of the hand turned forwards, wo
suddenly roverse the pala: and turn it backwards, one of the
bones zadius) of the forearm ruus (or rotates) round the other
bone (ulua) of the forcarm, aud o roverses the position of the
hand. The radius thug comes to cross the ulna, as when a
speaker, addressing an audience, pluces both palms downwards
on a table in front of him, in the familiar style. Here there
13 seen the round head of the radius rotating round the ulua,
- uts neighbour-Yone ; and it may be added that ther: are certain
ammals (¢.g., elephants and dogs, cats, and carnivora gener-
ally) in which the radius is pen‘nmenz]y fixed in the crossed
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position, known scientitically as pronation. The position in
which the two bones liv side by side as whon the palm is
directed forwards) is ealled serpination, When we turn our
head on our neck wo receive a second illustration of a * pivot-
joint.™ Then the head, together with the first vertebra of the
spine, or ‘“atlas,” move a little around « hittle bony peg borne
on the second vertebra or weis,

It may be added that in the use of the various *‘joints,”
highly instructive examples of ‘ animal mechanics ' may be
accasionally found, 'Thus the bones really constitute a serfes
of levers of various kinds. When we pul} the head backwards
on the neck, we ure using a lever of the lirst order. Here the
weight (the face) i3 on one side of the fulcrum the neck), and
the power (the muscles of the back of the neck) is situated on
the opposite side of the fulirum from the weight. Again, if
we stand on tip-toe, we use a lever of the sccond order.  Here,
the weight (i.e., the body or leg) is situated between the pawer
(the calf-muscles) and the fulerwn (the toes), Ur when we
raise our hand to our mouth in the act of eating, or of feeding
ourselves, when the shoulder is fixed, we use a lever of the
third order. For in the latter case, the wetyht (the hund and
its contentst is placed at ope extremity, the fulcrum (the
elbow) at the other, whilst the power (the biceps musele) sets
butween the weight and the fulcrum.

MUSCLES.

On one occasion I asked a class of stidents who were study-
ing physiology in a popular fashion, what they supposed
“ muscles” were. QOne student said “ muscle’ was *“ sinew” ;
another told me ¢ it was some kind of fibre” ; a third said it
was *“aristle” ; and a fourth that it was “‘some kind of pulp
found in the body.” Now the students in question were drawa
from the ‘ranks of ordinary middle-class society. They were
studying physiology with me, not as a matter of busjuess, but
as a labour of love, and were attempting, under my guidauce,
to obtain a broad and general view of the functions and struc.
ture of tho human frame. (We should bear in mind that phy-
siology is the science of *‘ fuuctions,” and that, as such, it iy
based on 8 knowledge of ‘*structun..”) I may therefore take
my former students as a type of inteilig]cnt socicty around us,
and I am not far wrong, I fancy, when I add that if I were to
ask the readers of Anowledge, head overhead, to return me a
plain answer to the question *‘ What ismuscle ?"* I should find
only a very small qerccntage of correct replies. Yetin the ap-
preciation of what tnuscle s, to begin with, lies the key to the
understanding of th« whole topic. Muscle, in one word is flesh.
Our muscles are ons ¢ flesh,” as the muscles of any other ani.
mal are its “‘flesh.’”  What we eat of fish is the muscle of the
animal, or rather the collective muscles. Our mutton-chop is
the ““1nuscle” of the sheep, as veal is ox muscle in 2 young
condition,

We should never despise homely sources of informatiou.
The homelier such means of knowledge are, the better. Here,
then, is a readily-accessible source of information concerning
the nature of muscle. A slice of coid roast beef lies before me.
With the point of my fork I can make out that it consists of
things that looks to tho unassisted sight like coarse sidres, but
which are really bundles of fibres. This i ohservation number
one. Muscle is made up of fibres, or buudles of fibres, joined
together. Next, I can sec that in my slice of beef (which re.
presents a cross cut of muscle) there s to be perceived a line of
division, through which I can separate so much of the beef from
the other half, without tearing any of the fibres, Now this
second vbservation shows me tha* the flesh of the body is not
all in oae mass. Onb the other nund, if 1 were to examine a
wiole leg of beef 1 should find that the tlesh thereof was
grouped into sepawate portions, cach of which is @ muscle.
With the handle of a di.\soctin% scalpel, we can separate out
each musclo as a rule frow its fellows, and we see that freedom
of movement for each muscle is thus secured. .

At this stage of our inquiries, we might ask ourselves what,
generally, are the uses of muscle. I can enumerate at least
five functious which are performed by wuscles.  Firstly, there
are the common novements of the body : walking, grasping,
ete. These are performed by muscles.  Secondly, we obvious.
Iy speak by wuscular aid.  Thirdly, we express our emotions—
from sneezing and snarling with our raised lip and uncovered
tooth, to shrugging our shoulders—by means of rauscles.
Fourthly, wo circulate our bloed hy muscular action, for the
heart is simply a hollow muscle.  And fifthly, muscle Zelps
the digestion of food, for the middle coat of the stomach and
intestine, not to speak of the gullet, is muscular, and serves

I
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by its movement to mix the food with the digestive fluids.
I need hardly add tha. nuscles givé to the varied regiors
of the body their contour and outline. It is the business
of-the sculptor to delineate with precision the form which
the various muscles give to limbs and body under the
varying attitudes of action aud repose.

There are two distinct classes or kinds of wuscle in our
bodies. The first of these is the group of voluntary muscles,
whilst the second group is that of tnvoluntary muscles.
Tho former derive their name from the fact that we can
move them when we like, and the muscles of face, head
and neck, arms, trunk, and legs—tbatis, the muscles of the
body generally-—exemplify this firstset. The “involuntary”
muscles are those which are ovtside the command of the
will, and which discharge various important duties, re-
quiring, so to speak, automatic and regular performance.
The muscles of the stomach, which, by their action, mix
the food with the gastric juice; the muscles which form
part of the walls of bloodvesscls, and which by their con-
traction or expansion preduce pellor or blushing of tbe
skin for example ; and the muscles of the bronchial tubes of
the lungs, and of the pupil of the eye, all fllustrate the
“involuntary” class. They act only when stiulated by
somo special feature of life. Light will produce contraction
of the special eye muscles whose function it is to close the
pupil ; and food entering the stomach sets its muscles
agoing. -The heart is likewise an involuntary muscle, dis.
charging, when left to itself and not interfered with by
the brain, its important duty with regularity and precision.

There is a wide difference in structure between the
“voluntary ” and *involuntary” muscles. The former
are often called striped muscles, and the latter wuwstriped ;
but it must be borne in mind that the feart is an exception
1o this classification. The fibres of the heart are striped
like those of the “voluntary ? muscles, whilst, of course,
the heart is entirely involuntary in its action. In soma
respects the heart-fibres, however, are different from those
of the striped muscles at large.

If we take a “voluntary ” muscle, separate it from its
swrrounding neighbours, and examine it carefully, we find
it to be composed of bundles of fibres or fasciculs as they
are technically named, Each bundle consists of a variable
number of fibres (Fiz. 1. &) which at their longest do not
exceed coe and & half inches in length. The average
breadth of a fibre varies from the four-hundredth of an
In cold-blooded
animals, the fibres are larger than in warm-blooded
forme. When we put a fibre of voluntary muscle
under the microscope, we observe that, as the light
shines through it, it presents a striped appearance
(Fig. 1. c), the stripes running across the fibre. This
‘“striped " appearance, from which the voluntary muacles
derive their name, is due to the fact that a fibre is
composed of two kinds of elements, thick and thin

Theso alternato with cach other, and the thick parts, of
course, under transmitted light, appear as tho davk stripes,
whilst tho thinner parts form the intervening light bands
of the fibre. Thelight bands refract the light singly, whercas
the dark discs or parts refract tho light in a double fashion,
More recently, another stripe has been described cutting
a8 it were, each dark stripc into two halves. It is evident,
however, that when the ultimate structure of a fibre of
muscle is considered, we might readily enough conclude
that tho fikse was really built up of cross-pieces or disecs,
placed end to end, like a roulean of shillings. And, as a
nmatter of fact, we can seo this structure in a muscular
fibre which has been allowed to soak for some timo in a
weak acid: As shown in Fig. 2, the fibre then breaks into

_cross-pieces, named its discs (a, 8). Again, on the surface of

the fibre we can detect markings or stripes running the long
way of the'structure. This shows us that in another sense
the fibre can be divided into smaller fibres or fibrile ; and
when the extrenity of a fibre is microscopically examined,
wo may tee the ends of these fibres (Fig. 2, c), reminding
us of a section of the separate wires which corapose a thick
wire rope. Last of all, we must note that each fibre is
enclosed in a delicate sheath, called its sarcolemma.

The unstriped or tnvoluntary muscles possess, as their
name implies, a different structure from their striped neigh-
bours. They are also composed of fibres, but euch fibre is
made up of long spindleshaped cclls, varying in length
from the three-hundredth to the six-hundredth of an inch.

The question, finally, “how does muscle act?” faces us
at the close of our brief studies. JXf we take the well known
biceps muscle, which forms the great fleshy mass of the
upper arm, a8 & type of muscles at large, we mway discover a
ready reply to thic question. The biceps springs from the
shoulder by its two tendons (or sinews) and passes, to be
attached or “inserted” also by & tendon, into the radius
(one of the fore-arm bones) below.  Now, when this muscle
acts, we see that it pulls.up the fore-arm and flexes or
bends it on the upper arm, as in the act of bringing food to
the mouth. If we place our hand over the biceps (at the
middle of the upper arm) as we raise our fore-arm, we shalk
feel the muscleto grow thicker as the fore-arm approaches the
upper arm.  Again, we observe that only one end of the
wmuscle moves (the lower end, or insertion), whilst its upper
end (or origin) at the shoulder, remains fixed. From these
facte, then, we learn, firstdy, that muscles act by pulling
together the parts between which they are attached;
secondly, that the muscle grows thicker when it acts; and
thirdly, that muscles perform their functions of moving
the bones and body, because they possess an inherent
property called contractility—that is, the power of shortening
themaelves.  In this latter phraso is found the whole ex-
planation of muscular action. .And when we add that
groups of muscles (such as thoss which bend the fingers),
antagonise or oppose others (such as those which open the
fingers) ; and that the muscles arc ordered and governed by
the nervous systeni, wo shall have fairly started our readers
on the way of becoming betteracquainted from the pages of
any physiology text-book with the interesting problem con.
cerning our movements and the power of doing as we will,
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Tie EURYPHARYNX PRLECANOIDXS represents one of
the most singular beings dredged from the great depths of
the Atlantic during the last voyage of the Travaillenr. It
was found on the coasts of Morocco at a depth of 1745ft. It
is a fishabout 18 inches longand its greatest thickness isabont
2. Ita colour is a very deep black. The body, leaving out
of consideration the mouth of which the proportions are colos-
sa), resembles that of the Macrurus, and terminates in a point
at the caudal extremity. But its altogether secnliara pears
snce is due to the arrangement of the jaws and the contorma.

tion of the mouth. In fact, although the head is hardly more

than 1} ins., the jaws and the suspensorium are exceedingly
long ; the latter, composed only of two parts, measures not
loss than 87 ins. Theresult is, that the articular angle is very

{

\

the well-known pocket of the pelican. In consequence of this
displacement of the jaws and of the exi:ensil:»ililt;fl of the mem-
branes, the mouth with the pharvnx forms a vast fanmel of
which the body of the fish seems to be the tapered continuation,
a fannel in which it seems probable that food is stored and

artially digested. The organs of motion are very rudirentary.

he two fins are reduced to three small appendages, which

* their position at the rear and near the bronchial orifice canses

to resemble pectorals ; the ventralsare wanting. Ata distance
from the occxsnt very nestly e(‘nul to the lengti. of the head,
commences & dorsal which is prolonged almost the whole length
of the back, withont however, reaching the caudal extremity ;
1t seems to end at from 2to 3 ins, frem the latter. As to the
anal, it is aimilarly arranged ; it begins & little in the rear of

far back, and ata distance from the end of the mouth equal to
about three and ono half times the length of the cephalic por-
tion. A long and slender stiletto constitutes the upper jaw,
its situation shonld make it spproach the inter-maxillary,
On esch of the jaws may be felt slight dental granulations ; at
the extremity of the mandible are seon two fang-like teoth,
about 3in. long. The buceal orifice, in consequenoe of this
arrangement is enormons ; it leads into a cavity of still more
astonishing dimensions, The upper jaw, in fact, is joined to
the sides of the head and the anterior portions of the body by
an extensible cutaneons fold, which allows of considerable dis.
placement ; then between the brapches of the mandibles is
strotched an analogous cataneous membrane, still more elastic,
formed of bundles of elastic fibres and compatable only with

AL

FI1G. 11.—L'Eurypharynx pelecancides ; poisson des grandes profondedrs de I Atlantique,

the anus and finishes at the same point as the doraal. The end
of the body is surrounded by a small membraneous fold, Jike a
radimentary caudal. The slender and flexible rays of these un.
equal fins ure neither articulated, nor, toall ap ce coue
nected by a membrane. The respiratory appsratus has a for-
mation_uaique among bony fishes. There are six pairs of
internal brouchial clsfts, and consequently five gills. The
latter consist each of & double series of free Jamels, The water
flowa out on cach gide through & very amall orifice, forming a
simple cutaneous rounded perforation, situated near the level
of the termination of the bum-phlt{nged infandibulum,
Fimally, neither hyoid bones nor operculars 2re to be fovnd,
and thers is & complete absence of swimming bladders.—Revue
Seieatifique,
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mixed with vegetable or animal oils, is the result of along
series of expuriments based on the methol suggested by Sir
William Thompson and Mr. A, H. Allen, it apaper iead before
the Royul Society.

Four to five grams of the o1l under exammation are weighed
out in a porceloan capantle of 75 c.c. capacity. Thirty c.c of
a 10.per cent solution of potassium.hydrate are added, aud the
capsule covered with a watchgluss iy placed m a water-bath
heated to about ¥3° L. The musture of otl and alkali shonld
be stirred frequently, and after three quarters of an hour 1t 18
boiled with surning,  This will secure the complete saponifi-
cation of all the vegetable ar amnal o, After the bmhng has
been continued some tinme, and most ot the alechol 15 expelle 1
and athick scum of soap forms on the surface, a littlo bicar-
bonate of soda is added to convert the excess of caustie allali
into carbonate. When the contents of the capsule have be.
come pasty an equal bulk of tine, clean sand is stirred in. This
makes the soap granular, and facilitates the removal of the last
traces of alcohol. The capsule is now heated for two hours more
on the water-bath. After cooling, the coutents of the capsule
are transferred to a short-necked funne), having a thin plug
of asbe-tos, and washed twith petrolenm ether, or some other
hight petioleum spint,  The ether dissolves out the mineral oil
from the soap, and is best collected i a quarter-liter flask
having a short neck.  The ether can be appied conveniently
and effectively by a small wash-bottle.  Care must bo taken to
effect a comp ete removal of the o1d from the soap by means of
the ether. This can be tested by letung a drop ot the ether,
as it cores through, fall on a piece of tissne.paper. If there
is no greasy stain left after the cther evapomtes, the solut -n
may be considered complete.

Most of the ether is removed from the oi) by distillation and
can be saved. ‘The heat of the water-bath is suflicient to boil
the ether, and the fumes can be condensed by passing them
! into a condenser., The oil 13 now trunsterred to a weighted
30-c.c. tlask which has a hole blown in it side, and dry, warm
air is forced into the tlask through its neck i order to remove
the last traces of the ether. The tlask should not be heated
above the pomt where it can be borne in the hand ; f tius
precaution is heeded, there 14 no danger that any of the o1l will
be volatihzed. The passage of the wmr stould be continued
until the flask and oul are constant 1 weight.

Sperm 01l canuot ba separated from mmeral oil by th
mct}md owing to the iwpossilality of completely sapomfying

T T

it.

Expernnents with sodinme-hydrate instead of potasuum-
- hydrate did not give good results

The follawiug quantitative determmations of miuneral o1l n
mixtures made tor the purpose show the accurncy of the
method

Rnd of Fat tn)
in the Mixtare

Pereantage abh
taned by Analvaie

Percentago of Mineral
thitan the Mixture

811 61.10

. 66.79 46 75
 Ofive Ok, . 25,30 2513
i a1 wa 21 14
: ) 29.69 32 M
| Lard Oul, .oy 3206 42 45
; ! 3.75 3.05
' TLinseed O, 10,63 10 68
\ \ 168 190
| Neatsfoot (nl, 18,75 IR 75

In & mizture ot Neatsfoot and miueral il 1n vukuow + pro.
pottions, tour analyses showed the per cent. of mimeralotl to be
as follows 72,05, 72 60, 71 35, and 72 10

in a sawaple of tish oif, supposed to be puire, there were ohe
tawned the following pereantages of nuneral ) - 34 538, 34 90.
34 80, and 34,85,

Machine-oil, composition unkuown, contained of mineral-
oil 64.63 64.67,

A cylinder-oil contauned of mineral-oil 71.00, 71.60,

A lubricating oil claimed to be pure animal oil was found to
bo adulterated with 77.23 per cent. of mneral oil —(Trans. of
Am. Inst. of Mining Engineers.)

.! ” o e e e e e P o~ o oy~ Timi o A e— T
) N THE PRESENCE  THE EXISTENCE OF ZINC IN A STATE OF COMPLETE
i THE ESTINATION ogFMO%EQLO?Llé IN THE PRESENC DIFFUSION IN DOLOMITIC SOILS.
et e v s . i In 1850, M. Dieulafait shewed that zinc exists in a state of
| BV CHARLES €0 HALL, WORCESTER, Mass. coml)lete diffusion and in appreciable amount, throughout the
+  'The following procedure in estimating mineral oil when whole thickness of the primordial formation and tho sedi.

mentary soils which are directly derived from it. Recently he
presented a memo at the Académie des Sciences de Paris; dis.
cunsing the diffusion of zine in dolomitic soils.
he enunciates the following proposition, to which he has been
led by ke investigations : ~ That the bituminous substances
already distinguished n sotme dolosnites are universally pre-
sent and further, that the dolomitic rocks always contein am-
monic an a proportion wluch orten exceeds one Kilogramme per
enbie mddre of ruch (U624 1b. per cubic foot.y He also consi.
ders the dolomites to be sedimentary rocks which would be
formed 1n waters rich in orgame substances, i ., W gulfs
which are aliost closed, or even ip veritable estuaries.

Agaw, M. Dreulafait has previously shewn that the concen.
tration of znc 1s still effected under our eyes in tho estuaries
of the modern pertod.

Tho conclusions resulting from these investigations are:—

(1) That zinc munerals, and specially zinc carbonate, for
some time tho only one worked, aiwt\_vs bear a direct rvelation
to the dolomitic rocks ithis has been the caso at the four great
Furopeaun centres of production.)

«2) That anc minerals are contemporaneons with the dolo-
mitic limestones which rontain them

31 Thatif the dolomitic imestones of the silurian in Sicily,
of the carbomiferous soil 1 Belgium, of the muschelkalk in
Silesia, and of others still more recent, contain, in spite of
their vast difference of age, zine minerals exbibiting the same
chomical composition, the sare association and, even in de.
tails which are otherwise extremiely complicated, the same
relations to the enclosing rock, this evidently shews that, at
very different periods, the same exceptional circumstances —
circumstances which still remain to be discoverrd and invest.
igated -- aro veproduced in the case of certam sedimenta.
tions.

P

THE ELECT'VE POWER OF ROOTS.

The elective power of roots, 1.¢., the faculty which plants

have of choosing in & complex medium the substances which !

they ought to accumulate in the largest measure in their tis-
sues, and the substances which they shonld more or less com-
pletelv discard, is one of the most curious phenomena of ve.
getable hife and one of those which it would be of importance
to know and understand more thoroughly in order to establish
the correct use of manures.  With this end in view M. Hervé-
Magnon gives a few facts respecting the glacial ficoid,
tMesembriaathemum erystallinum )

‘This anuual plant, a native, it is said, of the iglands in the
Mediterranean, but which grows very well in light soil, or in
exhausted land, in Brittany and in the department of Mancha,
is loaded with transparent vesicles, filied with liquid resembl-
ing small drops of frozen dew, This liquid has guite a saline
tas e and leaves, by evaporanon when cold, besides sulphuric
actd, 3.3 per cent of solid residuum formed of almost pure
marine salt. The whole plant dried and burned gives an ash
containing a large proportion of chlorine and alkalies, while
the ashes of such vegetables as cabbage, celery, mignonette,

First of all

intentionally sown by M. Hervé-Mangon about the roots of ;

the ficords, have always yielded their normal composition,
e therefore reasonably concludes that the special constitntion
of the ficord is properly dus to the choice made by the roots of
tho elements which its development requires.

Aunalyses of the mineral eisments of a certain number of
dried ficouds, have shewn that this plant is formed by a weak
solution of alkaline salts, kept in & solid stat> by a vegetable
tissie whose weight is only 1.8 per cont of the total weight.
The ashes, consisting of salts of soda and potassinm, form
nearly ote-half (43 per cent) of tho weight of the dry plant.
This composition in many respects recalls that of sea.wracks,

In fine, a hectare (2,7411 acres) of land planted with ficords

has given 131,000 kilogrammes (1 kilog. =2.204 1bs.) of new

plants, or 1820 kilogs. of ashes, which would contain 325
kilogs. of chloring,.as much soda and 538 kilogs. of potassium,
being ale to supply 864 Kilogs. of the carbonate of this base,
In view of such Higures, M. Hervé-Mangon asks whether the
cultivation of the glacial ficord would not be lucrative in cer-
tain circumatances,

e ———m——
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" n avery case, it scema probable that it might be usefully
employed in removing from tho saline soils of the Mediterran-
nean const, its native country, the excess of alkaline salts
i which render them unproductive.

A AOp———— - -

A New Eukerric Moror.—Jablochkoff has recently de-
" signed a now electric motor, which ho has called the Eeliptic

ou account of its form. The motor, says M. Hospitalier in

Lt Nalure, consists of two bobbins, the one ﬁqu in a vertical
. plane, tho other movablé and fixed upon a korizontal axis in
an inclined position.  The object of this arrangement is to
counteract the eflect of tho magnetic masses in the part of the
motor subjected to inversions of tha current.

Photographic positives on paper obtained directly, by
MM Cros and Vorgerand. Paper covered with a solu.
tion of 2 gr. bichromate of ammonis, 15 gr. glucose, and 100
gr. water, is dried, and exposed to hight under a positive (c.g.
a drwing).  When the (yellow) bare parts of the paper have
becotse grey, the paper is immersed in a bath of 1 gr. nitrate
of silver to 100 gr, of water, with 10 gr. acetic acid. The
1mage appears at once, with roddish tint, produced by bicliro.
mate of silver. Drying in light gives a dark brown tint.

Rasiv FurMation or MINERAL VEINs.—It appears from
a recent observation of Dr. Fleitmaunn, that the formation of
mineral veins requires much less time than is generally sup-
posed.  About two years ago ho_filled up a pit with common
clay containing iron  Having had occasion to open up the
it afresh, Dr. Fleitmann was greatly surprised to find thut
the clay had entirely changed in character and become white.
Further it was divided in numerous directions by fissures from
one-twenty-fifth to one-sixth of an iuch in section, which
wero filled with compact irou pyrites. Dr. Fleitmann supposes
that the iron oxido of tho clay, was traneformed into sulphate
of 1ron by the contact of water containing sulphate of ammonia.

Rerrvre ofF itk Tymraxvy —Dr. Wilson, aurist to St.
Mary's Hospital reports two cases of the rupture of the tym-
panum occurring to divers. In both cases the hearing was
gravely compromised but the cure was effected in about fen
davs. ~ Dr. Wilson explains the accident as follows :--

The water above the column of air in the external auditory
tube exerts a sudden pressure on the dram, while the pressure
n the middle ear remains the same as before. It is therefore
. necessary in diving, to take a long breath and by raising the
palate to prevent the air from escaping by the noge. This ac-
adent, more {requent than we woald imagine among bathers,
15 due to the waut of sensibility in the ear, which is not en-
dawed like the eye with the faculty of protecting itsell by
contraction or by any other means, from the dangers which
mav menace it.

Extract of a comsmunication (o the Academy of Seiences by
M J. M. Crafts o the acenracy of measurements made with
the mercnrial thermometer. Depression of the Zero, —1t igimpos.
s.ble to put a stap to the depressions which are produced when
a thermometeor is heated after a long period of rest ; the value
of these depressiors have been determined by many persons,
and 1t i3 an assured fact that similar experimonts give fignras
nearly identical with 0°.01 when the heating is carried to
3400, ‘fhio only necessary precaution is to follow a method of
mvariable obsorvation; it appears preferable to let the ther-
mometer cool in the air after an observation, and to oberve
the sero instantly. DPERMANENT ELEVATION OF THE ZERO, ~
Thermometers in- tonded for our ordivary laboratery experi-
ments should be heated before the graduation and ealibration,
for a week or ten days in beiling mercury ; it is the only cor-
reet methad for ob- taining instruments which keep the value
of the degree fixed during the graduation, and the errors in
thermometurs which have not been treated in this manner may
n~e 10 4° in a range of 300°. When 1t is tutended to employ
the thermometer at lower temperatures, it is sutficient ty heat
1t to the highest temperature of the experiments for a cansi-
derable time as compared with the duration of the subsequent
experiments.  For example, a thermometer which indicates
the temperatare of the atmosphere and which is heated from
time to time up to 100° iu order to fix the value of the degree,
1« prepared for this use by being heated for three or four days
at 106°. 1f, however, the thormometer is tobe used in length-
oned experiments at temperatures bordering on 1009, it should
be heatal throughont the whole length for three or our weeks

' at 100° hefore graduation and calibration. and carbon.

The time required for the treatmeni may be abridged by
heating the thermumeter for a day in boiling essence of tur.
pontine and afterwards for from four days to & week at 1002 ;
an analogous procesy sorves for higher temperatures. ‘I'he
glass should not Lo exposed to the corrosive action of boiling
water, and metal apparatus of simple cozstruction renders it
possible to effect this purposs without the escape and contact
of water and mercurial vapours.

- - e )

PROCEEDINGS OF SOCIETIES.

Tt Inamir 1oy Ok Meenwae st Escizeres.—Prof. Abel, ¢, B.,
F.R.Rreported on the present stiago ol his oxperiments rclmim{ to
thoe condition in which carbon eaistz in steol.  Preliminary trinls had
shown that the treatiment of <t nnd iron by a chiromic acil solution
(braduced by mixing a sofution of potassiwm bichromato, suturated in
the cold, with one-twentieth of its volume of pure coneentrated sul-
phuno acid) guve great promiso of euecess in doteeting the chemical
difterences i the fatne steel, aceording to tho treatment to which it
has been subjected.  When eoldrolled, and annealed steel was thus
troated, it viclded considerablo amouuts of an inseluble rexidue, con-
visting of biack spuugly particles, strongly attracted by tho magnet,
and presevting le\u characteristic of u true carbido, to which was as-
signed provisionully the tormula Fes Cs. With hardened steol. on the
other hund, but o =mall_guantity of such particles were obtained,
mixed with s hghter sediment ;. and the total residue contained ounly
about une-siath the, carbon in the original steel, whereax in tho an-
neafed sunples pearly all the original carbon was detected in the ro-
sidue  ‘The theory to which this pomnt=elearly isthat in soft steel ear-
bon exist< mustate of chenuent combanation, forning a carbide which
is dhsseminated as o separate body through the mass of the irons but
that s hunrd <tee! this combination is dissolved, and the curbon existy
in its pure form, cither morely it mechuuienl admixtare, as in the
ra0 of gros cast-ivon, or in that peculive and not very well under-
stood form of association whielt metallurgisis torm ab alloy. ftwould
follow that the process of tempering, or mlni(l cooling dops net lease
time for the complete formation otthe carbide, anid that in tompered
sll‘c‘cl all or sotmo of the carbon <till survives in it« frac or altoyed con-
dition, . .

The fre<h exporiments deseribied by Prof. Abel give, on the whole,
great support to this theory,  Fonr preparations were wade of steel
disrolved in chromic acid solution made as ubave, bt of ditferent de-
wrees of strength, In tho last oaly, swhere the atrength was very high,
wore the resuttg dilfarent, showing thut the c.xrhidc’imd not heon able
to resist the oaidising effeets of the solution. In the othera,a con-
siderable deposit was forud, which, after being kept for sevoral duss,
first in the original and alterwards in a fresh solution, was washed
and dried, and then aualysed. Another portion of tho ximio was
treated with chlorhydric acid. in erder to ascortain what proportion
would he converted intoe hydrocarbon. When this proportion was de-
ducted from the whole, the romainder showed a iost romarkable
uniformity of composition, tho porcentages of cirhon in threo experi-
monts heing 593, 394, and 600 respeetivoly. It seotns evident that
we have hiere # definite componnd, to which Prof. Abet gives the for-
mnuta Feir . The doviations from this exact composgition he aceounts
for hy the presence of a cortnin amounnt of wator., indicating that &
carbo-hydrate had been formed, probably as n resutt of the action on
tho cirbide fiest soparited. .

Prof. Hughex rend 2 paper, which was illustrnted by aserier of very
striking and elegant exporimonts, porformed with the simplest ap-
patatusg, may be «ynzidered M its resnit, us the cotaplement of Prof,
Abol's  Fundhinz (hat the andnetion balance was cqually sensitivo to
molcculo and o chetnical changes, in the metals tested, Prof, Hughes
set himself to devise an instrument by which to examine the former
class of phenomoty by thomselves, A wire forming the core of an
ordinury magactic cotl, and capable of being shifted. twisted, ete., as
desired, supplier what ho requires.  The coil is joined to a galvano-
meter, or better stitl, to a telephone: the wire is joined to a_battery,
and currents aro sent throngh 1it. Ro long nstho wireis at righ? anglea
to the coil, noeflect i= prodneed ; butif we et at at an angle to thecoil,
sounds itre instantly hewrd, betaken the presence ot induced currents
in the coil.  This i3 tho ondinary cffeet of eleetro-mazneto induction,
ag digcovered by Faraday  Now, inatead of shifting thoe wire, lot us
givo it a =light twist, suy of 402 the sounds are instantly heard as
before, and wo deteet induced currents, which are poutive for right-
hand torsion, negative for left-hand torsion, Prof. Hughess explana-
tion of thix ix that the molecules of the wire, which he regards as o
many soparate magnets, havo been given i tviat round the sxis, and
thus'<et at an angle to the coil, inst a< the whole wire wag by the
shifting in the firat caxe. Now let ux twist the ware «till furiher, oven
to several caaplete turne, No greater strength of current is ob-
zerved. showing that theangle once given to the wmolecules is not ex-
eceded, and that tho subscquont toraon is of the wire a2 a whole,
Approach to the wire, thustiwigzeds one pole of n natural magnet, laid
Rxmllol ta the wire: tho sounds cease, indicating that the magoetism

ag spun tho molecules back again into their original directions.
Approach the magnet at right angles to the wire: the current roturns
to zero whilo it 15 still two inches distant, and when it is in contact
theore is a reverted ciarront, Which iz then at its waximum,  Lastly,
removing the magust. untwist tho wirc by sume 407 : the current re-
turas to zaro, showing thut the moleenlar tordion has distppeared,
whilo the molar torsion rontiins almost tho :ame as before,

In all these effcets tho wire has boen suppoced to be of soft iton a
a remarkablo difforence appoars when wo turn to tempered stegl.
For we now fal to detoot more thun shight traces of molecalar disturh-
anee Or rotation, no watter how wmany turax we give to the wire.
Thaus, whereas in tho iron weappearto havegreat molcenlar freedom,
with steal wo have almost comaploto molecular rizidity  But thixmoloe
cular rigidity s found to obtain also in all ullors of steel which have
beon tosted—e.g, tnagnetio oxido, iron nad suiphiur, iron and tungsten,
etc. Henco wo draw tha conolution that tomoacred steol is likewiso
an alloy, tho ausociated elements in this casc being, of course, iron

1
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Mr. Chas. Cochrane read a paper which was a soquol ta ono read b
the samo author at the Leeds meoting of the Institution, and deaft
with Blast Furnueo working, with spesind referance to tho annlysis of
tho escaping gases It was laid down at the outset that economy o
fuel in blast-furnnces s governed by threo conditiona (1) tho tow-
peraturo of tho biast, ‘2) that of tho escaping gasos; (3) the quantity
of earbon which canu bo maintained n thecondition, onco attained, of
oarbonie gcid, tustoad of being ro-transformod i1nto carbunic oxido by
absorption ot carbon in the fue). On tho first twoof theso heads thore
is, of course. nothmg now to bo said, but thoy wero 1illustrated b
elaborato and valuable tables, giving, in units of fuel (C burnt to Co),
(a) the heat carried in by blast of a given weight and temporaturo, (5)
the heat carriod vur by escaping gasos of givon weight and tempora-
ture.  Thoe third s dwelt on at some {ength, and tables are given
lbowin&’for any sivon consumption of C por ton of pig, the ratio of
€02 to C0 in tho escapmng gascs, first whon all the COz2, once formed,
it rotained 1n that condition; and artorwards when § cwt, 1 cwt.,
14 owt.. ore., aro afterwards reconvorted into CQ, or, as the author
torms 1t, whon a transfer of 4 owt., I owt., ote., of © hras taken place
From this is deduced the conclusion that the more knowledge of tho
ratio of CUz to CU 1n the escapiug gusos, as given by analysis, is use-
less to indicato what 1n reallv guing un in the furnace, becnuso the
samo ratio may appertain to any different conditions, according to
the amount of tho transfor which has taken place, from €Oz back to
CO. If. howevoer, the consunption of carbon per ton of pig iron has
beca at the satno tino ascertasned, thon we aro at onco ablo to refor
tho casotoits pm{;or position , and the knowledge of the ratio betwoon
the two cases onables us at once to seo what amonnt of transfor has
boen guing on, and what prospect thero is of effecting an_improve-
ment. It was further pointed vut that the main causes of this in-
Jurtous re-conversion of CU2 iuto CO were (1) tho fact that tho lime-
stono, used as flux, contains a proportion of (02, which can only bo
evolved at & red hoat, and therefore in contact with red-hot coke,
which immediately gives up some of its B to tho evolved gases, (2)
tho fnet that the ore, esin;cmlly in the largor meces, does not get com-
plotely de-oxidized until it reaches the red-hot region, where tho CO
ascending 1n the furnace first unites with the oxygen in the oro to
forut COz, and thon absorbs another equivalent of C from the coko, so
returning again to tho condition of CO. 1t is therefore suggeatod that
both these sources of evil imight bo removed if (1) tke limestone were
calewned bofore entenng thoe furnace, so a8 to bave already parted
with its oxygon, (2) the ironsteno _weroe broken up iuto piedes small
enough tu insure their d ition i the highor parts of the fur-
nace. Anothor means of accomplishing tho latter result was to in-
crease sull further, if necessary, tho height of furnaces. A sanguioe
estimate was made of tho cconomy that would attend tho apphoation
of these two dovices, whioh 1t was oxpected might reach over 8 owt.
of coke per ton of pig-iron made.

Tho valuc to ironmasters of tho elaborato tahles annexed to the
papor, and of the mode :n which the problem of blast-furnace econo-
my 15 presontod, cannot but be vary great, but grave doubts woro ex-
pressed 1 tho discussion, by Mr 1. Lowthian Bell, F.R.S., whother
thaj&mcucal rosults would answer the anthor’s expectations. As ro-
gards the uso of caleined limestone, 1n particular, it was stated that
1t bad alrcady been tried, mithout effecting any cconomy, at least in
large furnaces , tho suggested raason being that tho caleined lime,
as soon as chnrged, re-absorbed CO3 from the escapinggases, and that
although hoat was no doubt disongaged in the process, yot this was
too near tho throat of the furnace to have any serious effect. Moro-
over it is to bo remembered that tho previous calcining of the lune-
stone must itself requyre fuel, the amount of which must be deducted
{from any apparent gain duc to the absenocs of COz in the lino withmn
tho furnaoce.

Excineeng’ Cuos of Prisanzreiua, Jan. 20th, 1883 —Mr. Hoary G.
Morns In tho chair. Mr. Wa. E. Lockwood preseated a full descrip*
tion of tho Shuw motive, profuscly illustrated by magio lsntern,
working model, eto., oto.

The Shaw Lucomotiyo may bo classed as a 37-ton soft-coal passenger
engine, with two cylinders on cach side, cach 10} x 24 incher; the
two_working n combination, being equivalont to onoe oylinder
14.85 x 24 inches, two cross-heads; two piston-rods; two connocting
and parallel rods on each side. A

Her drivers are 5 fect 91nches; woight of engine., 67.000 pounds;
corl and water, when in use, 73,000 poands. Total, 74,300 pounds.
Weight of tender, 26,000 pounds, water, 15,000 dpounda . coal, 6500

otal combined, ready for use,

26,
ounds. Total, 47,500 pounds.
21 poupds, or 60.45 tans.
he mg}'ovomom 1n Engines claimed in the Shaw Locomotire are
First.—No counter-balanced dnvers, orgo, no bammor-blows a.l
no_nosing around. h
Second.—A single movement of valve with duplex action,
‘Third,—~Stcan 1s the mutor of balance as applied to the reciprocat

parts.

. Wiifred Lewis oxibited a machiao for the graphical determin
ation of centre of gravity and moment of inertia of plane areas. Tho
figuto to bo calculated 18 drawn to a suitable scale and placed 1n the
machine, where tho vutlnoe is followed by & tracing pmnt in order to
groduco. upon  anuther picce of papsr, a figure whose area shalt

o proportional to the statical mument of tho given figure about an
assumed axis. If nuw the scoond figure be followed by the tracing
point and a third figure be deawn, its area will be proportional to
the momont of :neruia, and from tho areas thus drawn can be found,
btg.mm{glo anthwetical processes, tho contee of gravity and motment
ofinertin.

Tho machine 18 intended for application to such figures us cannot
readuy bo soivcd by the usual mothuds, such_as decks heoams, stocl
rails, and castings, mith rvuad corners, large fillets and curved sides
whick can oniy be approximately solved long and tedious inte-
grauons. A pianuncter is uscd to mcasuro the areas and it 1sthought
that by ths ﬁnpbncul mothud. more accurate resnits can bo obtained
with less work and withoat so much probability of er=or in the ope-
rations. Tho machino can also bo made uso of to dotermine the con-
tents of any solid of rovolation or its mdius of gyration

Bxoivrers® CLus or Pritansirun, Fre. Sro.—Heory C. Morris
{n the chair.  Mr. W. S, Aqchineloss oxhibited and deseribed lus
t forms of Averaging Machiao, whick consists of an endless plat-

form, tho groovos of whish represont days or distances. The varlons
welgfns. ruepresonting quantitios or valuos, aro placed in thess
grooves and the ondless viatform rotated until a balanco of the
weights 1s sccured, when tho oxast answer may road from the
accompanying scafo and, by then continuing tho rotation, tho wolghts
fall upon an inolined planc, reach thoir rospootive compartimonts i
front, and are sgnin ready for immediato use. Tho machine is «
speoial interost to the ongineccring profossion in its applicatioa to the
engines, boilors and coal-bunkers 1a steamers, the dotormination of
8“ lo(a spood of shafting and average haul of material, Mr. J,J.
o Kindor desoribod the Umted States Metallio Packing for piston
rods, valve stoms, pump ruds, and throttles—exhibiting seotions and
modol ; also model wit packing it is {ntended to superscdo. The
motallic packing consists of eight composition blocks, held in a brass
ring, bn which aro horns holding tho springs whioh regalato tho pros.
suro of the block on tho rod. It is said to proservo s stcam tight
jomt without approciable friction or binding The vibration of ths
rod 18 provided tor by a ball jorat on one end and spring followor on
tho othor, which contrivance 18 snid to give the packin re&{mh\y and
progerve its tightness, notwithstauding & vibration of the rod.

Tox Ixstiturion of Civiy, ExGiveers.—At the Ordinary Meoting
on the 30th of January, Mr. Brunlees, Prosident, in tho charr. the
Paper read was on ** Mild Steel for the Firoboxes of omotive En-

ngs énEtho United States of Ameorica,” by Mr. John Formio, M.

nst. C.E.

It was atated in the Paper that tho nse of mild stecl for tho fire-
boxes of locomotive engines was now gonoral in the Umted States.
Althomfzh large nuinbers of the outor sholls of the boilers were still
made of iron piates, this was simply to effect o saving of oxf:enso and
many rarosd companies had tho borlers wholly of steol  Iron pit\tos
wero first used as a substitute for coppor, owing to the mpdity with
whioh the anthiracito conl wore away tho soft coppor Whon sound
the iron plates gavo bettor results, bur the weldings wore trequontly
unsound; thoy were apt to blister, and the plates wore subject to
crack near the fire-bars. Steol firebuxes, the plates bowng o nearly

ure compound of iron and carbon, wero used for the Pennsylvania

1lrond engines cloven yoars ago. Since then, oxcellent steel for
this purposs had been made by the Sicraons:Martin open-hearth
frocexs in many places 1n tho Umted States. Tho mode of wmanu-
acture of this steel was briefly described, as it diffored from XEn-
glhish practice. Tho speoification for boilor and firebox steol last
given out by the Poansylvama Rairoad Company was quoted. The
Author noxt proceeded to state that 1o the cities of the United States
all steam-boilers of stationary engines were placed under mumeip:
regulations, whereby a proper registration and inspection wore in-
stituted ot asmail costto thousor. In Philadelpbia about 4,000
boilers wore tested onco a year, and a licenco was given by the In-
spe stor to use the boiler for ono year at the pressure it was consider~
cd it tosustain. Tho formulas, urder which the calculations were
made, wery  stated, and the tests omployed. The highest test was
when & boiler-plate, from which a portion was cut off lengthwise,
showed a ductility of 20 per cent. upon a mecasured length of twelve
thicknesses of the piate, and when cold wouid bend to 180° over a
diameter cqual to two thicknesses of the plato, or when cut crosswire
would bend cold to 90° over a chameter equal to five thicknesses of
the plate, In every steam-vessol navigating the lakes, rivors and
seas of the Umted States, and ssiling under its feg, a complete
system of inspection dunng manufacture, and sn examination of
boilers wheo made, was maintained by the Uovernment, and all
boiler-plates bad to bo branded with the maker’s name, and with
the tonsilo strength of tho plate 1pcr square inch. Makers of boiler-
plates wore pecuniarily hiablo for any failure of the inaterial if it
occurred at a lower strain tban that with which it was branued.
Officors for examimng and tosting the materials and work done
wero appointod, aud the question scemed to be much bettor unders
stood and anusogi 1o the Unitod States than in England. With
respect to locomotive engines, which were in one city one day, and
1 anothor on tho next, and which might constantly be moved out
of one Stats into another, there could be no Municipal or Govern-
ment oontrol, but there was a healthy public opinion on the sub-
Ject, and heavy damnges would be obtained against an{ company
whosoe boilers cxploded from negloct, or from tho use of bad ma-
torial. In Amorica, it was stated, railroad cnginecers v-ro not
hampered by Governmont control. There was no necessity to urge
railway companies ¢o adoptimprovoments. Inventions were quic[‘}y
examined, tested and rejocted or adopted. Menco the march of
improvement was more rapid than in Great Britain, The Author
thon proceeded to describo, first, the English type of locomotive fire~
box, and afterwards tho vanous now forms of American firebozes,
In tho former tho strains set up by the greater expansion of the
ner box over tho outer, from the higher temperature, wero aggrav-
ated from the matonal being of copper, which expanded moro than
iron under cqual inorcments of toemperature. Groater stress was
thrown upon the atays, and by tho usc of copper and brass tubes 2
gnlvamc action was cstablished in locomotive-boilers, which speedily
estroyed the iron })la(cs- Tho Aathor illustrated tho American type
by two examples of boilers and fircboxes in use on the Pennsylvania
1iroad, and he pointed out in how far thoy approached the condi-
tions of what he held to be a porfect firebox of the old and well-
known form. The requiremonts for a firebox of this kind wero, that
the plates formiag tho outer and iancr boxes shculd be of similar
motal, that as the wmetal of the inner box must always expand more
thao tho outer, 1t should bo thin enough to bend or” spring between
the srlnces whero it was held by the round stays, tbat to compcensate
for tho extra oxpansion, .ho heavy roof-beam stays should be dons
away with, that thero should bo a number of water tubes through ths
body of the fircbox, that tho firo-bars should also be wator-tubes, that
the areas of the firchux and gmm should be large, and that the mate-
rials of construction should be cheap and easily ohtainable. The
Author dewmonstrated that 1o these respeots tho Amorican was far in
sdvance ot the Enghsh typo of locomotive-boiler. With regard to
cost he showed that asstcel firchoxes wore only balf the weight of

copper, ones, snd as the price por ton of tho formor metal was abont
ono-third of the latter, the actual cust of steel fireboxes was from
ono-fifth to one-sixth the prico of copper oncs, although the cost of
workmanship would bo a little more 1o working steol,




