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degree of nicety only iyhen pre-determined conditions are
adhered to. Auy change of load, speed, steam pressure, etc.,
especially in those automatic engines depending on a single
valve for admission and exhaust, will produce disturbance
which cannot be counteracted except by altering the weight
of the reciprocating parts and counterbalance to harmonize
with the effeet of a greater or legs admission and compression.

It ia mainly by the action of the steam in the cylinder that
the rociprocating parts of a high speoi engine can ha properly
couatorbalanced. The work of connterbalancing is vartiy,
throngh this olastie medium, transmitted to, the frame or non-
reciprocating parts, and muet be connterweight in a measure
by placing ita oquivîlent in offect opposite the crank.pin.
The cylinder aud frame form the opposite elomont, on the one
side, to the accelerating and rotarding force necessary in
effecting this'balancing ; and the requirement of a countor-

*weight, for horizontal balancing, diminishos as the ratio of
required accelerating force to the inert mass of frime, cylindor
etc., is increased.

In ail easy-ruuning engines the tendency of the reciproca-
ting parts and of the conntorwoight will be in the ame direc.
tion while the crank ia on and passing either center.
At these pointa the couuterwoight cau have no effect on the
reciprocating parts, and hence, its centrifugal effort, if sufficient
to neutralizo the initial accelerating force, would produce al
that la neoded. But we should none the legs tako into account
the relation between the reciprocatiug and non-reciprocating
masses of the ontire engine# "lAction and reaction are equal
and opposite; " so, if wo shoot a wedge between the cylinder
head and the piston, and an oquivalent in effoct of the steain
entering, the tendency of the wodge to, shoot the reciprocating
parts in one direction, and the cylinder, frame, etc., in the
opposite direction, will ho as the relative niasses. At the
initial point the horizontal movement of the reciprocating parts
is opposed by the main bearing, but the tendency, with proper
accolorating force, is there none the legs, and (if repotition be
allowed), t he teudency of the counterweight boing in the same
direction, its effort should be just sufficient to nentralizo the
effort made by the frime to movo in the direction opposite.

The recoiling effect of compression and admission in the
engine is analogons to the action of a cannon. The gmeter
the ratio between mass of shot and gun for îny given velocity,
the less the recoil ; sud the greater the ratio botwoen the mas
of reciprocating mass of ongino, for any given speed, the leus
recoil, and thorefore the need of a countorweight to pull in
the opposite direction at the same time.

Au engino of the Corliss type, with a simple unbalanced
crank, and with cylinder and frame of sufficient weight to,
socure strength sud stiffness, wilI mun qulte as steadily as an
ordinary high speed ongine, with a crank disk balsnced in the
usual way, to secure good results. Not that balancing at high
speod la sovory difficuit, but simply bocauso it is diffi cuit to get
a builder to construct, or a customer to, pay for, an engiue with
sufficient metal in the framing to secure the saime ration betweon
the work of reciprocation and the inertia, of the non-rociprocat.
ing mass lu one case that there is in the othor. So long as build-
ers will insist on making light engines, and running the mat
high speeds, juat so long will *o have enginos demanding the
closeat attention and the beat of lubricants whilo they are
making an effort to shake, even the unahakable.

Iu no case should the non.reciprocating mass (the shaft sud
wbxeol must be loft *out) be legs than live times the initial
acceleratiug force. Designed ln this way, the weight anid pro-
portion of the engins will bear special refèence.to the apesa it
is intendod to, mon at--the reciprocating mass, in case of high
rotative spood, being fixed with reference to crank effort.

Ordinarily, we may make the frame, cylinder, etc., of miii
eugines of the Corlia type about fitteen times the weight of
the mciprocating parts, and meure good mesults in running.

lu counterbalancing, if wu place a weight opposite the
cmank equal to the crank and pin (the eciproeatinR mas
mnultipliod by the initial accolerating force and dividod by
the non-reciprocating mass) good runninè will resailt, and the
main bearing will be free from the abuie commonly received by
overbalancing.-Am. Machi.

ACCORDING to the Jowolems' Circular French dlocks reprosent
the highest perfection lu the way of decorative dlock cases.
English clockmakers dlaim and deserve the roputation of pro-
ducing the moat accurato timekeepers, while to the Ameracan
manufacturera belonga the credit of makiug the beat time-
keepers at the least possible coat.

DR. SANG ON.THE FORTH BRIDGE.

We fear that the worthy and venemable secretary of the
Scottish Society of Arts muet have uniutentionally cauaed a
flutter of aiarm in the minda of the City clerks sud other
readera of a recent issue of an evening paper, wherein it was
stated on his authority that "lfrom a geometem's point of view"
th'e construction of the Forth Bridge waa "linadmissible," be-
cause amongat other enigniaticai rossons as"I no collection of
even numbers could mîke au odd numbor, there muet ho either
deficiency or raduudancy." Commenting on the Ilelîborate
piper which Dr. Sang read iu three portions before the Royal
Scottish Society of Arts," a lemding Highlaud journal obsemvyed :
IlIt is rather alrirng to fiud a scientiflo man of Dr. Sang'a
eminence and responsibility, doclaring that the Forth Bridge
la beiug built on nnsouud principles. Ho wouid not say it was
unsafe, but thon his Principle is that a structure which is
theoretically uusound is prictically unsafe, even although by
waste or redundancy of material the margin of strength over
aud above its p~ower to hold itself together may make it prac-
tically of use for the purpose intendod. The paper will, ne
doubt, meceive attention froin scientifie mon." It is quit.
possible that it xnay. Froquentors of the London parka cii
hardly have failod to notice that guardsmen, for somne moîson
seem to derive a pleasuro froni watching the ovolutions of an
undrilled squad of volunteera, and the ame touch of nature
may no doubt make scientific engineers regard for a few
moments with intoroat the secmotamy's IlElementamy viow of
the strains on the Forth Bridge due to the sbiftiug load."

Dr. Sang devoted hie firat evoning to provlng. to the Fellowa
of the Society that if one end of a balancod 4ouble contilevor
be boaded, a compensating weight muet be ipplied somewhere
on the opposite aide of the fulcrum, in other words ho conclu-
aively clemonstrated that ifsa weight ho placod in one p an of a
pair of scalos an equivilent mass of mattor muet ho bosded into
the opposite pan, or balance* will Dot ho attainod. Applying
this principle to the central pior of tho Forth Bridge ho fouud
that Ilan amount of ballast muet ho heaped tapon" the central
to prevent the càntilevem tipping under tho possible contingen-
cy foreseon by hini of the train covering one cantilever only.
Had Dr. Sang iuy knowledge of the subject-matter of hie piper
or of bridge building of any kind, ho would have known that
unfortunatoly the doid weight of steel. required for the con-
struction of a 1700 ft. s pan bridge must necessarily ho so cou-
siderable that no Ilballast" or holding-down boîta could ho
required at the central pier to, balance memely the unoquslly
distributed and coanparativoly inaignificant weight of a train.

The investigation havin been advanced se far the firat
evoning, Dr. Sang nont directed the attention of the Fellowa
tb the IlGeomotry of the Cantilever Trusa," and on a aubs-
quent ovening te the " Statica of the Cantilever Trusa," or
mîther of the central or Inch Girvie towem, which resta on four

p osarranged. at the corners of a rcage260 ft. hy 120 ft.
In odealing with this part of hie aubec, r. Sang's troubles
vory qulckly commonced. '" The tower," suid ho "'cnniot
torminato in a single point ; it would make the bridge stand
on three foot. When thore womo four atruts converging, and
whon somo known pressure is appliod~ therete, it la impos&bl.
to tell what shame of that strain is borne by each." Again, with
a.rectangular top, certain struta or ties are "m edunâant, and
tiierefore disgerous. . . . -The prosence of the other mem-
ber changes mattor entirely ; it croates strains rising teward
infinity. Unies. the co mpression and distensions of the parts
be sufficient, the atrains muet corne to, exceed the capabilities of
any material. Our minds cannot'gmasp the idea of infinity ;
lot us corne down to finitude," and as on, with a continued re-
petition of "lne one can compute the atraine." and Ilno one
eau tell," until the bewildored investigitor at lut frankly con-
feased that these elements "lcroate an'unneedod, an intolerable,
inuiety." It la to ho megretted that the ostimable socretary of
the Scottish Society of Arts should have îubjected hiniseif te
this Ilunneeded, intelemable, înxiety," but probable tho same
mesult wotald have foUloqed hie acceptance of the command of
tho Channel Fleet or îny other important duty outaido of his
own oxperience.

Enginoora will at once sme that the cause of ail Dr. Sang's
troubles is bis ignorance of the faot that the prohioma ho sets
hinisoîf te solve require for thoir solution a kuowledge of the
lawa of elasticity, that il, te amy, of the lmws which conneut the
stresses on a body with tho alterations of dimensions the parts
simultanmousily undergo. Hie dlffioulty la the ame lu klnd as
that the aohoolboy experienoos when facing hie firat quadritie
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