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The advance from stone implements to bronze, from
)| bronze to iron and steel, by which the progreas of
civilization has been marked, is indicative of man's
incressing acquaintance with the force of the material
world,

If even the simplest instramentalities, without which
human life could scarcely be rendersd endurable, do-
rive an increased efficiency from the exactness of the
science with which they are used, it is evident that
there musat be an infinitely larger sphere and a more
imperative domand for such exactness of science in the
vse of the complicated machinery, which has expanded
to its enor.oous proportions the industrial production
of our day. It isa fact which is remarkable, although
on reflection not unintelligible, that the extended ap-
plication of machinery, instead of lossening the de-
mand for skilled labour, bas only led to increased re-
quirements in reference both to its quantity and its
quality. To handle a complicated machine oven with
safety, requires a considercble amount of techuical
gkill; to work it with economy, requires stiil more ;
and the deplorable accidents, as well as the deplmable
waste. by which industrial occupations have Lz2en in
the past, and still are in many cases, accompanied, are
generally due to inadequacy of technmical training
rather than to any moral want of conscientious care.

The accidents, arriving from ignorance of the forces
at work in the machinery and materials of modern in-
dustries, are suggestive of a fact involved in the com-
plicated civilization of our time. In consequence of
the numerous and elaborate applications of practical
science to the conveniences of human life, men are be-
coming more and more dependent on each other for
the advantages uf the technical knowledge which they
severally possess. Accordingly the enjoynent of the
very beuefits, which science s conferring on mankind,
renders it every day more and more imperative that
those, who profess to perform any work, shall be
adequately equipped for porformance by a previous
technical education. The vast increase, which the last
few years have witnessed, in schools of technology,
and in the numbers of men eager to obtain their ad-
vantages, affords a reasonable gro.nd for the hope that
a technical preparation witl, in the near future, become
a compuleory provision for all the more important in-
dustries of human life,

CABLE TRACTION FOR TRAMWAYS AND
RATLWAYS.

LY €. FARQUHAR FINDLAY, M.\, C.E,

Tracriox by means of a rope and stationary engine
was the way in which steam power was first applied
to locomotion, though it is only recently that it has
beeu utilized for passenger transport on a large scale.
George Stephenson’s opponents went so far as to main-
tain that no locomotive engine could be made which
would haul its own weight up a moderate grade cven
without any cars attached. The triumph of the loco-
motive has however beex so complete, and its manu-
facture has been brought to such a pitch of perfection,
as to blind even those most accustomed to study the
broader aspects of such questions to the fact, that there
are special cases, and those of tho greatest importanes,

in which a stationary engine and cable have an im-
menss economical advantage over any form of locome-
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tive, besides baing free from many of its ohjectionable
foatures. The case of most common occurrence to
which cablo traction is applicable is that of a road of
moderato straightness on which there is a traffic re-
quiring cars at frequent intervals, Not to go here
into details, there are two great sources of cconomy i
tho cable system as compared with any kind of loco-
motive, steam, olectric or other; firstly, the avoidance
of all the dead weight hauled ovor the road in the
shape of ongines, boilers, cte., and otherwise required
in order to give sufficient adhesion to the driving.
wheels of the locomotive. In the case of a street rail
road operated by any form of locomotive it would be
a fair case to suppose a car weighing with its full com.
plement of 30 scated passengers 12,000 1bs., to be
drawn by a locomotive weighing 12,000 lbs. DBy
getting rid of the locomctive we should here save 50
per cont. of the total ~veight hauled over the track ; in
other words the mass moved would be reduced from
800 1bs. per passenger to 400 1bs., ete., and the only cot-
responding increase would bo the weight of the cable
itself, which is trifling in comparison and carnvied in a
cheaper way, viz, by pulleys with fixed bearings,
The second saving is in substituting stationary engines
and boilers, with the modern coalsaving appliances,
for 2a number of locomotives. Where cirs run at in-
tervals of a few minutes the saving from these causes
is so great that the consumption of fuel with a station.
ary ongine and cable would not be more than 1-10th
of what locomotives would take to do the same work,
aud possibly a good deal less. As, in most parts of
the world locomotive traction is cheaper than animal
traction, the economy of the use of the cable over the
use of horses or mules would be equally great under
favourable circumstances.

This being the case, the question will be naturally
asked how it cames to pass that o means of traction
apparently so simple and straightforward is only now
coming into any general uso. The answer is that
there are two practical dufficulties to be confronted in
adopting cabloe traction, which have until recently
seomed to be prohibitive. First, the case, as before
said, to which cable traction is most markedly applicable
is that where a frequent succession of cars or trains has
to be run. Ib any special case by studying all the
circumstances it could bo determined just what frequen-
cy of cars would make cable traction cheapor than thi
by animals or locomotives, but probably with morlerate
grades, and circumstances otherwise grdinary, cars must
be run at a headway of somswhere belween 5 min,
and 15 min., to give the economical advantage to the
cable. Now this case only arises in the streets or
auburbs of a large city and this i< just the case wherea
running cable, except far overhead, or concealed uader-
ground, would be impossible, k-causa of the other traffic
along or across the road. Secondly, no prectical means
were ever known by which a car csuld be so attached
to an oendless moving cable that the ear cou!d start and
stop at will, without jerk, uvless the cable were stopped
also. The first of these difficulties wvuld be aveided
by making use of the modern idea of the elevated rail-
road to which we shall have to refer hereafter, but
this would not meet the requiroments of our cities
oxcopt in special cases. The first intimation of the
practical solution of the problem, as regards ordinary
streat travel, of which we have any knowledge is con-
tained in a patent granted in the United States to




