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heated to a highi temperature, producing violent evolutions of
light and lieat. Oxygen is the vital part of the atmosphere,
and carbon is the fundamental ingredient in ail fuel used for
m;aking steani, anthracite containing the larger per cent. of
pure carbon.

W hen the fireman h is learned to combine these two elements
in proportions which shaîl produce the grestest amount of
heat, hie will have solved the problem of making stesm with
the g'reatest economy of fuel snd manual labor. Take a locomo-
tive fire.box for exqunple :a common form of locomotive tire-
box is 72x35 inches, which. gives abont seventeen square feet of
grate area with the only drsught through the ash pan. If an1
engine of this kind is required to draw a fsirly heavy train at
a running speed of forty miles per hour, it will be necessary to
burn sixty pounds of coal per mile, or 2,400 pounds per hour,
to main tain steam for this work. This would require the burni-
ing of about 141 pounds of coal on each square foot of grate
surface every hour. In this case the supply of air nst be libe-
rai andI the oxygen will be separated from the air and combines
with tise carbon in the proportiouof tweive parts of carbon.
by weight, to thirty.two parts of oxygen, hy weighit, which
produces csrbonic acid gas. If, bowever, the supply of air is
restricted the carbon takes up a amaller proportion of oxygels,
giving us carbonic oxide gas, which produces much less heat
than carbonie acid gas.

Que pound of carbon nniting with oxygen to forni carbonic
acid gas generates 14,500 nunits ot heat ; or, sufficient to raise
eighty-five pounds of'water from the tank teînperat-ure to the
boiling point.

011 the other hand, when one pound of carbon unites with
oxygen to produce carbonîc oxide gas, only 4,500 units of béat
are generated ; or, snffilient to raise twenty.ý,ix and a lial!
pounde of water frons the temperature of the tank to the houl-
ing point. In both cases thse samne quantity of fuel beinig uaed,
the différence heing, that less oxygen is in the mixture~.

The combiniing Proportions of carbon and oxygen to produce
carbonic acid gas being twelve to vhirty.two, the combustion
of eachi pound of carbon requires twvo sud two-thirds pounds of
oxygn. It takes 4.35 pounds of air to supply on1e pound of
oxygen, tiserefore it wili require eleven and a hall ponnds of
air to provide the gas essential to tbe economical combustion
o! one Pound of coal.

Se f ar the problemn seems simple enough, the solution beiug
to give the tire pienty of draft ; but there are several practical
objections to hiaving tise air blow througb the grates like a
hurricane.

The fuel should be kept satnrat-d with tise air containing
oxygen, a large volume of air is required but it shonid not be
fsirced through the furnace sud tubes at too great a velocity,the
result of which is to sessd the gases into tise flues snd tisrougls
the stack without being ignited. Fnrther, the heat in passinig
througi too fast i8 not given time to inspart itseif to the
wvater. Froni tisese statensents it wiil be seen that tocsï of heat
is threatened from two opposite directions. If there is not
enough air sdmsitted, a gas of inferior heatitig quaiity will be
generated :if too much ail is aliowei, heat wiil be wasted.

It is s matter o! common observationa tîsat fuel wili not burîs
uintil it has attaiued s certaiin heat, and dilffresît materials re-
quire dilferent degrees of heat to ignite them. Hience unless
the fire in a tire-box be kept up to a condition to impart the
necessary igniting tensperature to its various parts as weil to
new fuel passed into it, a large amount of wvaste wiil ociur in
tise distillation of the combustible gases aud the pasinlg away
of these gases before ignition. This takes place proportionateîy
to the power of the drauglit, both iu tise stationary sud the

locomotive tire-box, and requirps constant watchfuluess, s0
that suficieut intensity of heat be maintssiued at ail points in
tise tire-box, sud that, withai, the tire be not allowed to become
sO thin as to permit of the passage of a greater volume of cold
air thaîs the capacity of the tire to impsrt the required tempera-
ture. -A merican. Engineer.

TANGENT GALVA1N OMETER.*

Tise tangent galvanometer is of great importance in electri-
cal measurernents, eipecialiy in the class relatiug, to currents.
The principal of the instrument is illnstrated by Figp. 1. In
a narrow coul of wire is euspended a short magnetizel nee-lie,
whose iength does not exceed one-twelfth the diameter of the
cou. Two light pointers are connected with the needle at
right angles thereto. When a current is sent through. this
coul, the needie ie deflecteil to the right or left, according to
tise direction of the current, sud the amount of deflection is
dependent upon, but not proportional. to, the strength of the
current. It is, however, proportional to the tangent of tise
angle o! deflection.

Apractical tangent galvanometer is shown in Fig,. 2. In
this instrument thes couductor ie wound upon s grooved woodeu
ring 9 inches ils diameter, the groove being î iuch wide snd 1
inch deep. The wooden ring is monnted in a circular base
piece, wvhîch is pivoted to the lower baie to admit of aijust.
nient. The lower base is provided with thice leveling, screws,
wlsich are bored lougitudîssaily to raceive pointed wires, which
are driven into tise table to prevent the instrument froni slid.
ing. The lower base is provided wvith an angled arîn, which
extends over the uppier base piece, sud is provided with a
screw for ciamping tise latter when adjusted.

The winding of the ring is divided into tive sections having
different resistances, so that by means o! a piug inserted iu
tise switch on the b.ïse the resistatsce may be madd 0, 1, 10,
50, or 150 ohms.

Fig. 3 is a diagramn showing the cousi and thie switchl con-
nection stretched out. Tise firnt coul, a, is a banil of coppcr î
iets wide sud T1f inch thick, witli practical!y 150 resistance.
The otiser coils are of iro 'n. Tris couls, b and a, together, have
a resistince of one ohm. Tise couls, c, b, a, have a comibined
resistance of 10 ohms. The cail, ci, togeth2r with the preced-
ing, ofFer s resistance, of 50 ohms, sud tise coinbined re,4iet-
ance of ail o! tise couls, e, di, c, b, a, is 150 ohms.

Tise coîsdnctors are connected with the binding posts, f, g,
and the current flows tfsrough tise coils in succession, usstil it
reaches one of the smaller switch plates, which 'la connected
with tise piste, A, by the plug. Iu the preseut case tise plug
is inserted between the plate marked 1 sud the plate, A, canes.
ing the current to flow frons the binding, post,f, through tise
couls, a, b, sud plate A, to thse binding post, 1. The resist-
suce of the galvsso:neter is obviousiy 1 ohm.

Tise mnsgîetic needle, wisich. is î inchs long, is located ex-
actly at the centre of tise ring, sud deiicately poisesi o:î a tisse
lisard steel point. The needle should h.- jeweled to reduce the
frictions aîsd wear to a minimum. T'o tise si les of thse needie are
atfacied indexes of aluminuns having flat ends, cacîs of whici
is provided with a flue mark representiug the centre line of
the insdex. The box contaiuiug the scae sud the needie ie
supportesl by a cross bar attached to the woodeu ring. To the
top of tise wooden rinsg is attached s brase standard, which ie
axisliy in liue with the compass needie.

Upois tise standard is mounted a bsr magnet, which may be
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