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must assume to be pute air) does net enter varmer than the con-
tained air one half of the time and probably net more than one
quarter of the time. Mr. Leeds gues on te advocate an open fire
and furtherstates-I I believe it vould be at ail times and under
ail circunstances very desirable te have a large amount of the
air drawn from the foor as nearly as possible under or near
each member's seat, and aise trm under the seats of all the
benches in the galleries, but te know hoi or wnhen and ho much
te draw from the ceiling would be a much more difficult question
te decide. That there should be such openings ave know from
everyday experience, the necessity for opening doors or laier-
mng external windowns te relieve the upper part of a room wnhen
it gets te wvarm. The openings at or nent the ceilings require
te be closed or opened according te the varying conditions of
the room. Heat applied ivithin any building casses movements
of the air with more or less torce according t ithe difference of
temperature of the external and internat atmosphere. The ex-
ternal avind is a source of considerable poier. It is important
in the application of poier, either to make iL conforma te and ce-
operate with the natural forces and merely assist their action, or
otherwvise make it of sufficient poier te entirely overcome ail
these natural forces-if much care is not exercised in the adjust-
usent of these forces one just counterbalances the other and
stagnation is the result. Scientific and medical authorities gen-
erally concur inlte opinion tat in-door air after heating should
contain snaly the same proportion of moisture as the average
of out-door air ofthe samne temperature, but vhen air isbrought
in (rom out of doors at a temperature of zero and raised by heat-
ers te 68', it vould require the addition of 4.343 grains of
water per cubic foot of air t bring it up to the reqaired degree
of moisture. For the proper moistening then of fresh, warmed
air introduced at the rate of 2 cubic feet a minute for each one
of thfee hundred persons two heurs, the air taken at zero and at
an average degree of moisture, no less thtan fifty-nine gallons of
wtser would bn required te be added. Exactly hovnuch vapor
or vitat per cent. of moisture is the most healthy bas net yet
been determined. Fronm much observation we have taken 65
per cent. of saturation as the amount most likely to prove
healithy-the mean relative humidity of the air at Philadelphia
for the year j863 was 57.2, and the mean average for tvelve
years, 68.5.

Dr. Wetherill in his report on ventilation of the Capitôl at
Washigton says: "Hood, (" Warning and Ventilation,") eti-
mates the air required for ventilation by the amount needed te
take up the moisture from the skin and lungs. The air required
for respiration (i. e. oxidation) is very much less than that need-
ed te hold in solution the vapor of the skin and lungs, vhich
evolve 12 grains of vater per minute.

If the temperature of a rtoom b at 6E° ith a dei point nt 45',
a cubic foot of air twill absorb 2% grains of vapor, or, in other
words, the perspiration from the body vill saturate 5% cubic feet
ofair per minute. If, hovever, ve take the dew point lower,
say net te exceed 26' or 24°, then 3% cubic feet ofairperminhrte
will be required te carry off the insensible perspiration, while,
for the pulmonary supply one-fourth of a cubic tot will be need-
ed, making a total of 4 cubic feet. In summer, as the dew, point
is higher, more air vili be needed, viz., 5 cubié feet per minute
for summer ventilation. ln a foot note te the above iL Ils stated
thait Seguin gives the exhalation of vater fron the lungs, 7 grains,
from the skin, i i grains, total grains, 18 per minute. If the dew
point is maintained uniforaly at 52° the following is the calcula-
tien of quantity exact for tiis case : A cubic font of air at a tem-
perature of 65' avith the dewi point at 52° iill absorb 2% grains
of vapor, and if we take the mean of the two authorities above
cited regarding the quantity exhaled by each person, ave vilI
have 15 grains per miuute, and te absorb ibis imder the above
conditions will require 6 cubic feet of air. Add to this the Oet.
fourth cubic foot required for breathing, and iwe have 6% cubic
feet as the total amount vitiated per minute. The surface of an
average man is about 18 square feet. If, therefore, we imagine
such a man walking in the pure open air at the rate of two miles
an hour on a perfectly calm day the air vill he loving past him
ai the rate of 176 feet pet minute, and as he is one foot deep from
front te back, the average thickness of the envelope of vitiated
air which surrounds him may be found as follots :

Let A=The quantity of vitiated air per niute in cubic feet.. 6Kf
B=Thte surfaceofthepersoinsquarefet..................i8
C=Theetent of tht persan in diretion of ite murent of air in
fe i ............................................... ...... 1
D=Theveociityo othe curnt In fot per minute............ 176
X=Thickness of envelope lu inches

The n.. A C.
-- = x

B D
and x = o.oi8 or îSS ofan inch.

in supplying air for the upîward ventilation of a hall containing
an assemblage of people, however, it is absolutely essential that
the direction of the current should be vertical, otherwise that
which ias been vitiated by one person wvould be given to another
to breathe and perspire into. If ave no assume a man stand-
ing upright of the average height of 5' 6', and the velocity of the
current at 5 feet per minute, ie avilI have foc the value of the
terms in aboveformula : A-6% ; l- t8; C-5% D-5 ; viere-
uîpon X=4.6 inches.

If this envelope of 4' thickness be dratn upward, it is clear
that the nose and mouth avill be alwoays supptied entirely avith
vitiated air, no matter hon, pure it may b one foot aieay, while

if it is drawn downward those organs will alvays be supplied
iith perfectly pure air. This consideration alene is quite suffi-

cient to determine in favor of donwnitard direction ; there are,
however, some other advantages in the downward aver the up-
ward direction. The temperature of the human body varies 2°
either way from 98', a sudden variation of 5° or 6° being said te
be fatal, If, therefore, the air is supplied at a temperature of
65°, it wili be 32' cooler than the body. With a dovnward cur-
cent the head wvill be in this cool air while the feet wilil b in-
closed in an atmosphere nearly if net quite as warmi as the blood
within them, and te " keep the head cool and the feet varm" is
one of the fundamental rules of hygiene as well as of comforr.

A current of air coming up through the floor will always bring
along with it the fine dust which t e greatest care cannot pre-
vent accumulating there to an extent which renders iL unplea-
santly sensible in all assemblages supplied with an upward ven-
tilation. With the downvard ventilation it is only necessary
that the dust shall be tboroughly removed from the infowing air
at the mouth of the inlet duct te maintain the hall perfectly free
front dust.

Again, wvith upward ventilation the entire hall is filled with viti-
ated air, the vitiation having taken place near the point of ad-
mission, wyhile vith the downvard ventilation the ventilation
takes place near the point of exit and the vhole upper part is
full ol pure air. In a hall say, 36 feet from floor te ceiling, and
the fresh air is admitted ihrough apertures well distributed in
the ceiling-it has thirty feet te move before it cornes in contact
with the heads of persons on the floor. During this movement ail
eddying currents induced by the increased velocity with which
it is necessary that it shall pass through the apertures have be-
come quiet, and the wvhole mass descends with an uniformity im-
possible te obtain in the vicinity of persons ventilated avith up-
ivard ventilation, and one of the most important considerations
te be kept in viewo in ventilating an aprtment is te avoid per-
ceptible draughts. Mr. GoldsworthyGurney, inhis examination
belore a Committee of House of Lords, said : " We have found
the down current always more agreeable ; the up current is sone-
times used, but it is not se pleasing and net se effectuai."

One objection used against the dowonward system is that it is
against nature te force air downvard. Although this opinion is
entertained by an extremely large number of otherwise well-in-
formed persons, every engineer of ordinary attainments knovs
perfectly well that it is as easy te force air in one direction as
another. Another objection is, that as air is additionally warmed
at the same time it is vitiated, that vitich is vitiated and varmed
has a tendency te rise hiatever may be the direction of the gen-
eral mass surrounding it. This is truc, but this tendency is se
feeble that its opposition te a current of 5 feet per minute vould
net be perceptible. IL has been shown that vith a vertical cur-
cent Of 5 feet per minute the umean thickness of the envelope of
vitiated air surrounding a man of the average size ivhen stand-
ing is 4', this more than two hundred tites as thick as when
he is walking at the rate of 2 miles an hour in a perfect calm.
As, however, the air bas te be brought (rom such a direction that
mouth and nose are always supplied vith air of absolute purity,
te insure the control of its direction by mechanical means, a cur-
rent of 5 feet per minute bas been assuned for the minimum
velocity te be given.

When the weather is fine, or in othier wnords, when the outer
air from aiwhich the supply is derived is in the desired condition
as regard temsperature and maisture, and no expenditure is re-
quired upon its conditions, then a maximum amount miay be
given, the minimum being employed hen its condition as re-
gards temperature and moisture has te be changeed te the great-
est extent. The only limit te the amount of air it will be advan-
tageous te supply is that fixed by the rue that the currents past
the person must net be sufficiently rapid te become sensible.

Some persons are sensible te currents of much less velocity
than required te render ethers conscious of then. Most people
can feel a current having a velocity' of î5o feet per minute, very
few can perceive one e go foot per minute. To be quite suce
that no one, however delicate, should be conscious of being in a
current, the maximum current vould be safe ai 5o feet per min-
ute. But te feet per minute will give a bountiful fresh ventila-
tion. The average thickness of the vitiated envelope will then be
two inches, or one hundred times thicker than ivhen walking out
doors in a calm. With downward ventilation, however, the
nostrils are in pure air equally as when valking, the vitiated air
enveloping the lover part of the person only, leaving him tucon-
scious of its presence.

Even when the veather is good and the temîperature of the air
delightful and the vind blowîng iwith the most desirable force,
an open window in the side of a great hall filed iith an as-
semblage of people vould furnish air te those furthest from the
window filled with emanations of aIl the persans it has passed
on its way.

That the air as vitiated bas a tendency te rise has been a fav-
vente theory among scientific men. Mr. Gurnev vas one of the
first te stoutly deny the tact in his testimony before Committees
of Parliament ; ho asserted that thedoswnward propulsion avhich
the breath received by the position and direction of the nostrils
did inot çease sa far as the impurities iiiti which it is laden are
concerned, till iL deposited them on the ground, aise tihat on a
frosty day the vapor froin a person's iouth iay be seen to de-
scribe a parabolic curve to the grouînd. But any one may see
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