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4. How would you begin to teach (a) Dictation, (b) Composition,
(c) History ?

6. Discuss Object Lessons ? .

6. Show how ‘‘copying "’ tends to produce general demoralization
in aschool. What means would you adopt to provent copying?

7. Comparo tho respective morits of written questions and
answers, and of oral (‘;uestioning and answering.

8. In teaching spelling would you rely onone, ormore, of the
sonses? Give your reason for doing so.

Additional questions for 2nd and 1st class candidatea:

FOR SECOND CLASS.
9. What do you understand by a “‘ gaod education ” ?

FOR FIRST CLASS.
10. Give some of the qualities of good reading. What peculiari-
ties of pronunciation may be observed among pupils ?
11. Who was Fraebol? What special advantage did he seek to
gain by his system?

Practical Depavtment.

LESSONS IN CHEMISTRY.

(Continued jrom last month.)

The chemical combination and the volume of the (so-called) per-
manent gases, or perfect gases, like air, oxygen, hydrogen, nitrogen,
carbonic oxide, and nitrous oxide are fouud to be regulated by sim-
ple laws. In thecase of easily condensable gases like carbonic acid,
hydrochloric acid, and ammnonia, huwever, these laws do not hold
with rigid precision when the gas approaches the cundensing point,
that is just beforo it becomes o liquid,

I. Boyle and Mariotte's Law.

The volume of a gas under constant temperature varies inversely
as the pressure upon. it, that is the volume becomes 3, 4, 1, 3, &c,
of the initial volume as the pressure isincreased to 2, 3, 4, 5, &c.
times the original pressure: also the volume becomes 2, 8, 4,5, &c
times the initial volume when the pressuro on the gasis reduced to
3, 4, }, 3, &c. of tho original pressure.  This law is fully distussed
in Hydrostatics, to which the student should now refer for problems.
He should also at this stage master the chapter in Hydrostatics on
thermometers and thermometric scales, and become Familiar with
the metric system of weights and measures which is now generally
adopted in scientific works.

No limit has been found to this law, the gas expands or contracts
very nearly uniformly. If tho volume is kept constant while the
pressuro increases or diminishes, then the density of the gasvariesas
the pressure, that is 2, 3, 4, 5, &c. times the original weight of gas,
or}, 1.4, 1 times that weight are contained in the same space
according as the pressure has been increased or diminished 2, 3, 4,
5, &c. times.

See Hydrostatics—specific gravity, air-pump, barometer, and prob-
lemns. The standard pressure to which wo reduce gases for compar-
ison is a'pressure cqual to the weight of 760 millimetres (mm.)-or
about thirty inches of mercury. This pressure is obsorved by
means of . the barometer.

Examples. 100 cubic inches of nitrogen collected when the bar-
ometer stands at 28 inches will contract to 3§ of 100 cubic inches
when the-barometer rises to 31 inches supposing the temperature
to remain uniform.

Agdlin,.100 litres of oxygen measured when the barometer stands
at 760 mm. will expand to 239 of 100 litres when the barometer falls
t0 768 mm., 1" the temporature romains unchanged.  Also, gas at

» (627mni., mercurial pressure, will expand to 135 of its original vol-

ume when the pressure falls to 760 mm.; or gas at 760 mm, wil
contract to 738 of its initial volume when the pressure rises to 762
mm, : '

IT. The Law of Charles and Gay Lussac.

The volume of a gas varies directly as its absolute temperature,
which is found by adding 273° to the temporature by tho centigrade
acalo, or 4569° to the temperature expressed on the Fahirenheit scale.

Tt has been discovered that the fullowing statement is very nearly
correct for all permanent gases:

273 volumes at 0° C. become

274 “1°C

275 “ 2°C, and so on without limit, increasing one
volume for every rise of 1° C. in the temperature.

Also 273 volumes at ~ 0° C. become

272 ¢« L1°C,
271 “«  —2°C
270 ¢ —3°C. and so on contracting one-volume

for every decrease of 1° C. in the temperature. If thé law holds
good beyond the temperatures we can actually reach by experinent,
the volume of a gas must ovidently cease to contract at — 273° C.
This temperature is therefore called the absolute zero and corres-
ponds to — 459° F. Hence on the absolute scale of femperature, 0° C,
is 273°, and if the absolute scale is taken from Fah., 0° Fah. is 459°
on the absolute, and the rule given above is manifest.

Examples. 100 litres of gas collected at 15° C. what will be the
volume at 20° C , the barometer remaining unchanged ? The abso-
lute temperatures are 15 4 273, and 20 + 273, i.e., 288° and 293°,
and by the law of Charles the volume varies directly as the absolute
temperature, hence 288 volumes will expand into 293 volumes, or 1
volume to 3§23 and 100 volumes to 3§3 of 100 volumes =1018
litres.

Again, 30 cubic inches of oxygen measured at 50° F., what is the
volume when the temperature falls to 32° F.? The absolute tem-
poratures are 509° and 491°, :

Hence by the law 509 volumes will contract to 491

lvolume i85
30cubicinches ¢ ¢ 481 of 30 cubic inches.

If, as is usual, corrections for both pressure and temperature are
required we may easily combine the two results in one operation.
Thus, 15 litres of hydrogen aro collected under a pressure of 650
mm. and at 25° C.  What volume will the gas occupy at 0° C. and
760mm.? The pressuro increases from 680 to 760, hence the vol-
ume decreases from 760 to 680, i.e., 15 litres become $§% of 15
litres. -

The absolute temperatures are 298° and 273°, heace 298 volumes
contract to 273, or 1 to 253 liters.

The standard temperature is the melting point of ice that is 0° C.,

Hence the (8§§x15) litres will become 3233 (£33 x 15)=12-293
or 32° F.  Thus the standard conditions used for comparing gases
aro 0° C. and 760 mm. pressure, or in English measures 32° F. and
80 inches Barometric pressure,

II The Law of Avogadro and Ampere. .
The weights of equal volumes of all perfect gases under like con-

ditions of pressure and temporaturo are precisely identical with

their atomic weights. Thus: ]

44°4 cubic in. of hydrogen weigh 1 grain under standard conditions.

444 “« oiygcn 16 « @ c
444 © ¢ nitrogen €« 14 « « €«
444 ¢ chlo}iho % 355 ¢ “«© «

and so on for all’ substances that can be roduced to the gaseous

form. Similarly in French measures,



