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PREFACE

The " Suggestions" in the following pages have been
prepared mainly in the interests of those teachers in our
Continuation and High Schools who, through lack of
experience or of proper opportunities, often feci themselves
at a loss in dealing with tlie many details of the Elementary
Science work of the Lower School. This Course embraces
work m Physics, Chemistry, Botany, and Zoology, and
whde there are excellent manuals dealing m„K or less
fully with each of these departments, it has been felt that
a useful purpose would be served if the beginner in science
teaching could have at hand a single reference book con-

.
,

taming such hints upon class management, selection of
suitable works for extended reading, manipulation of
apparatus, and other details, as the experience of some of
our teachers of long standing has proved to be of value.

^

A glance through the pages will show that the
Suggestions" are not in any sense intended to take the

place of text-hooks or to exempt the teacher from the
pursuit of information through the channels of the
standard literature, but rather by Iiints and references to
stimulate him to personal efforts in various directions
In the part relating to Physics, for example, instead of
details of certain experiments which are described in
standard text-books, reference is made to those text-hooks,
and the teacher is expected to have them on the library
shelves. In Botany and Zoology, in like manner, frequent
reference is made to desirable publications in which the

1



2 ELEMENTABY SCIENCE

suggestions of this Manual are amplified and supplemented,
and whifch tlie teacher must consult for the best results.

The question of supplies is one which gives a good deal
of trouble, not only to the inexperienced, but often to the
teacher of long standing, and accordingly considerable
attention is paid to this matter also. Suitable lists of
materials for biological and other work are suggested and
information given as to how and where they may te
obtained. These lists, as well as the lists of reference books
and those adapted for supplementary reading, may appear
formidable, but they are sufh that selections may be made
m accordance with the circumstances of the school,
financial and otherwise, and suggestions are offered which
will help in the selection.

Another very important matter dealt with is the
method of conducting class work. In general it may be
said that this method involves much practical work on the
part of the pupils. In recent years there has been a
satisfactory advance in this direction in the elementary
work in Biology and Chemistry. In Physics the tendency
is not so marked. There is, however, a great deal of
simple experimental work in Physics, requiring no expen-
sive apparatus, which can and should be done by tho
pupils, and this idea is constantly kept before the teacher
in this Manual. But here again, while suggesting a plan
of work upon which teachers generally may agr'-\ it is

not intended that there should be a rigid uniformity in
carrying out the details of the plan, or that the indivi-
duality of the teacher should be obscured by a purely
mechanical adherence to the outlines of work presented.
Nothing can take the place of the teacher" , individuality.
Certain results are to be accomplished, a certain course of

»t



PREFACE

study is to be pursued under the teacher's direction, but

different teachers, while following a general scheme recog-

nized by common consent as a desirable one, will put the

stamp of different individualities on the mode of present-

ing the subject, all in the end arriving at the same goal.

To help the young teacher, then, over some of the

obstacles which lie in his path, and to stimulate him to

wider reading and to the intelligent consideration of how
to make the most of the Elementary Science work for the

educational value it possesses, is, in a word, the object of

these " Suggestions ".





COUESE IN ELEMENTABY SCIENCE

ZOOLOGY
OENERAl SCOPK OF THE WOHK

Moor study of Uving Animals: The teacher-, imme-
diate responmbility lies in the lahoratory work which
embodies simple morphological studies of common forms
representing the chief animal ty,,cs. These studies must,'
wherever possible, be supplemented or preceded by observa-
lon on living specimens. For this purpose, provision will
he needed for suitable aquaria a„,l vivaria, where the
•moving breathing, and feeding of the living animals may
be wrthm ready view of the pnpils. Moreover, these
morphological studies are not to end in the study of form
behind the observation of the form there must be a con-
stant effort to interpret the meaning of the form, to show
the relation of form and function.

Charts and models are not to he substituted for actual
specimens.

Outdoor work: This will of necessity vary with the
locality and must be carried on to a very large exteni
without the teacher's direct supervision. But th'e teacherAould encourage and direct the pupils, devoting a fair
portion of the time of the class to .liscussions and reportson their independent work. Arrangements should bemade for field excursions on suitable occasions.

.iJSlf ^r''""";
^°' P™^*^^ " ^^' "«t"™l history

side of the subject, the equipment detailed on pages 26-32,n. etc should be provided. The school museum should

taken?n"l! °^^f
""' ^-"^t^, and great eare should betaken in the selection of the material.

5
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F1B8T YEAH

September and October

a ceSSr"'"-""*"'*"^^"^* ^-hopper,,
.

Stud, „;*. tu Ln^'l'If t "'"^ «''*"/"-
on their habits and haJta^ tJ^ '.

*'*" '"^"'«°"
butterfly.

^**
'
^**'''"8 '"d development of ,

instructions 2 17L'"'"';'
!' °*" «""'"°» ''-<1;

Comparison oVttus and J^tT/' '"'' '' '»-
birds of Ontario.

°^ '''*"*"* tyi*" of the

^d^S.S'th^z:^^:^'--'^^^"'^^'uaugers, and modes of protection.

^pril. May, and June

thetXlT'-'"^' ^^""^ "^ *'-« ^-''-ter clam and

i^:^of=^----ts:-£

importancrof^l^^r'Zr*^:!^*^''^^- =-"--
mon fish, frog, or toa^

"^"""^ '""''*« °' « «»»-

,
---onofinitir:ad^:ne",xr
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BiOLooy

SECOND TEAR

September and October

Invertebratee -Stndy of the life histoiy. habiU. «,dmethods of feeding of six beneficial or injuriou. In^u

SL" ZJ^'
''''"^' °' -"^»*'"« the^ttac/o-r

acJiST/?~fr"''''" ''"'^ "' *" '^^*«""" "^har.

8kS„y " '
'^?^' •" "'^''"' ^""^f ^•''"''«te'« of the

Z habr rr"'^
"' ""' ''"''"*^' »»<1 "^"ation, ontheir habits, including winter habits.

April, May, and June

Invertebrate».~Ch^ «tudy of the external charactersof a crayfish and a wood louse (Oniscus)
''""««««"

Vertebrates-^eptiU, Study of the external charac-ters of a snake and a turtle, and observations on the habiLand feeding of these animals.

Continuation of the observations on the life and habitsof birds and other animals studied.

General review of the whole Course, including an out-line of classification as shown by the animals stuped.

BOTANY
Remarks similar to those introduoine the Pnnr.. .•

Zooogy Will apply also to the work in Bol^y.^'Tn pa"icular. It IS urged upon the instructor that he Luld Z-tantly stimulate the effort to interpret the meaning of theforms under observation-to discover where po^fble

M

relation between fonn and function
^ *'



ELEHKMTABY BCIBNOK

PIBBI TCAB

SepUmber and Oetohtr

Th$ Plrni at a whole : A detailed study of Mnne com-
mon plant luch as a petunia or a buttercup, taking up
the atructure of all the parts in succession; the study of

additional plants as a basis for the classification of roots,

stems, foliage leaves, and inflorescence; the study to be

such OS can be carried on with the aid of an ordinary lens.

Rooti : Varieties of form.

Stems: Varieties of forip; erect, prostrate, climbing,

twining, subterranean, aquatic. Stem structure in dicoty-

ledons and monocotyledons.

Foliage leaves: General structure, veining, margin,
form, and arrangement iu relation to sunlight and shed-

ding of rain.

Inflorescence : Varieties of axial and terminal types.

Fruits: Structure and classification of the simpler

fruits, such as a pea or bean, shepherd's purse, poppy,
apple, tomato, grape, plum, com, and maple; adaptation

for the dispersal of seeds.

Preparation for Winter: Storage of reserve food in

root, stem, leaf, and seed; study of winter buds, their

arrangement, structure, and means of protection; the fall

of the leaf and fruit; interpretation of leaf and scale scars

on trees and shrubs.

April, May, and June

Seeds: Practical study of some of the common seeds,

such a« the pea, bean, morning glory, representing

dicotyledons; com, wheat, representing monocotyledons;

pine or sproce, representing gymnosperms; form, mark-

ings, parts and their functions, position of stored food.



BIOLOGY g

Oermina.
. of Siedt: Simple experimenti to iUiwtrate

the mora important plienomeua and requiremenU of
germination and growtii. for example, nwd of air, warmth,
and moisture; evolution of carbon dioxide; how and to
what extent water is absorbed ; root hairs; root cap; region
of growth in root.

Spring Flowering Plants: Plant description and
Identification by means of a flora hegua; relation of flower
structure to mode of pollination; meaning and significance
of cross pollination; structure and expanding of winter
buds; adaptation of stem form to habit; spines, prickles,
tendrils, their forms and uses; foliage leaves, as in the
autumn work of the first year.

SECOND YEilB

September and October

Compoaitei: Study of the inflorescence and flower
structure of typical composites, such as dandelion, burdock,
and ox-eye daisy.

Weedi: Becognition of common forms; how they
spread, and how they may be controlled.

Fungi: Recognition and mode of life of mushroom,
puff-ball, polypore, as saprophytic forms; and apple scab,
lilac mildew, wheat rust, black knot, or other common type'
as a parasitic form.

Physiological Experiments: Roots: Simple experiments
to illustrate root functions, for example, absorption by
osmosis, growth toward moisture.

Soils: The presenoe of soluble and insoluble materials
in soils; simple experiments in illustration.

Stems: Simple experiments to illustrate stem function,
for example, conduction of cell sap, heliotropism, rotation
of the end of the stem in twiners and dimbeiB.
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Foliagi teavet: Simple expcrimontii to illuitrate leaf

{unctiona, (or example, tnimpiration, manufacture of

itarch in sunlight, diaappearance of itarch in darkneu,
exhalation of a ga« by green water-planta, exhalation of

car n dioxide.

April, Hay, and June

Trtei: Mode of branching and identification l>y leaves,

bark, and wood of maple, willow, or oak, a conifer, apple,

and plum, or cherry.

Description and identification of twelve diifcrent

species of flowering plants, representing at least six

different orders and including both monocotyledons and
dicotyledons.

Femt : General structure and habits of a common fern.

Btvitw. General review and comparison of the char-

acteristics of the larger groups of plants taken up in the

Course, summarizing and classifying.

A collection of plants to be made in the second year;

also a collection of ten economic woods

The collection of plants shall include carefully selected

and prepared specimens of the epecies chosen for identifi-

cation as required above.

PHYSICS

FinaT YEAR

November to April

Introductory: Measurement in Metrical and English

units of length, area, volume, and mass ; structure and use

of the Balance; The Three States of Hatter, defined and

explained.
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Mukaniei: The principle of the mechanical powem;
iome of their more imiiortaiit »iniple upplitationn.

llydroHtatin
: I'awaVt Law, Htutemeiit and verification,

omc of iu more imjKjrtant applications; preiwure of
liquids in its relation to direction, depth, density of liquid,

area pressed, and the shape of containing vessel;

Archimedes' principle; spetific gravity; common mctlinils

of finding specific gravities of solids and liquids.

Pneumatics: Study of the properties of a gas as ex-
hibited in air as a type

; proof that air has weight, occupiea
lacc, and exerts pressure; construction o» the l)arometer;
the relation l)etween the volume and pressure of a gaa;
proof of Boyle's Uw

; practical application of air pressure

;

air pump, common pump, siphon, the principle of air
brakes, air tools.

SECOND YEAH

November to April

Heat: Nature and source of heat; experiments to
illustrate the expansin.i of solids, liquids, and gases by
heat; some practical applications of the principle of
expansion; the anomalous expansion of water, its signifi-

cance; meaning of temperature as compared with quantity
of heat; graduation of the mercury thermometer in the
Centigrade and the Fahrenheit s'-&\e; meaning of latent
heat, applications; experimental demonstration of the
transmutation of heat into mechanical energy.

Sound Nature and propagation of sound; pitch of
sound; consonance and resonance; refiection of sound
echoes.

Light: Nature and propagation of light; simple experi-
ments illustrating the reflection and refraction of light;
dispersion of light; colour of bodies.
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Magnetism and Electricity: Magnets; laws of magnetic
attraction and repulsion; polarity; magnetic induction;
terrestrial magnetism; construction of simple voltaic cell-
decomposition of water by electricity; electro-magnet

i

electric bell; telegraph; heating and lighting effects of the
current.

Note.—In both Physics and Chemistry, practice in the pre-
paration and manipulation of apparatus should form part of the
Course. Where practicable, the Course should also include simple
operations in glass-blowing and lathe work, and in hard and »ft
•oldering.

CHEMISTRY

SECOND YEAR

March

AW: Its constituents; combustion in air, and resulting
changes; detection of carbon dioxide and water vapour in
air; rusting of a metal such as iron in the air, and how it
affects the air.

Water
:
Decomposition of, into its elements ; the obtain-

ing of pure water, and how it differs from ordinary water.
Carbon: Its presence in plant and animal substances;

combustion of carbon, and lime-water test for carbon
dioxide.



BIOLOGY
Scope of Biology. Biologj-, dealing with plants and

animals, has, like most of the other Natural Sciences
developed in different directions. In its many-sidedness,'
rt embraces several more or less distinct sub-sciences.
These include Morphology, dealing with the structural
characters (Anatomy with the grosser structures, and
Histology with the minute microscopic structure)-
Ecology, dealing with the relation of the plant or animal
to Its environment; Palaeontology, treating of fossil forms-
Physiology, dealing with the functions of parts; Emhry-
ology, dealing with the changes undergone in the develop-
ment from an egg to the adult form; and Classification
or Systematic Biology, dealing with the grouping of
related forms. Aside from the studies of fhe actual plant
and animal form and life, the science has developed its
own JIvstory also, and a somewhat distinct branch of
Phtlosophy. Its History is the story of the work of many
noted naturalists. Its Philosophy seeks to explain the
general facts of the science through theories of heredity
evolution, and variation. In a strict sense, all these are
embraced in the modem science of Biology.

Relation of Biology to Natural History. The term
Natural History, as applied to plants and animals,
does not lend itself to definition so readily as does the
term Biology. It was used to designate that general study
which preceded the more exact, comparative, and sys-
tematized study which characterizes the modem science of
Biology. It concerned itself with out-of-door inquiries

13
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into habits, life liistories, external characters, and economic
relationships to man. It resulted in the accumulation of
museum collections and a body of fact, focussed often about
the concerns of classification. However, on the facts and
material gathered in this field, the generalizations which
distinguish the modern science have been based. So it has
been the forerunner and the foundation of Biology. At
the present time, the term is employed in much the same
general sense; that is, the general accumulation of facts

about plants and animals by observation and collecting

out-of-doors. But the strong emphasis placed a few years

ago by the schools on elaborate laboratory work for the

sciences has obscured its position and use to some extent.

It is only quite recently that it has been, as it were,

rediscovered as a proper interest and factor in an education

which includes an acquaintanceship with Biology.

Place ol Natural History in an Elementary Course
in Biology. A school course in Biology should be properly

related with the Natural History side of the subject.

The education of the pupil in and through the subject

should accord with the development of the subject. There
must be a recognition of the natural and historical

relationship existing between the old-fashioned and in-

formal study of plants and animals out-of-doors and the

modem and formal studies in the laboratory. The out-of-

door work should bring an interest and meaning to the

laboratory work, while the laboratory practice should

explain the out-of-door and incite to further and deeper

observation. The two sides of the study are inter-

dependent and inseparable. The pedagogical need for

their mutual use is well expressed in the preface to Parker

and Haswell's Text-book of Zoology:
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There can be little doubt that the study of Zoology is most
profitably as well as most plrasantly boRun in the field and
by the seashore, in the Zoological Garden and the Aquarium.
In a very real sense, it is true that the best zoologist is he who
knows the most animals, and there can certainly be no better

foundation for a strict and scientific study of the subject than

a familiarity with the general appearance and habits of the

common mp'nbers of the principal animal classes. But Zoology

as a brauv.. of academic study can hardly be pursued on the

broad lines of general natural history and must be content to

lose a little in breadth of view—at least in its earlier stages

—

while insisting upon accurate observation, comparison, and
induction within the limited field of Laboratory and Museum
work.

These remarks apply equally well to Botany. A well-

balanced course in Biology, tlien, will be one having a

proper adjustment between the two phases of the subject

and embodying those principles of each which make for

the educational Yellteing of the pupil.

Special Value of Biolosy in a Scheme of Education.
The reader is referred to Chapter I of The Teaching of

Biology, by Lloyd and Bigelow, for an admirable exposi-

tion of the culture value of Biology. A few extracts from
the Summary are given here to indicate the line of

argument

:

The special value of biology in education must be indi-

cated chiefly by the nature of the material with which it deals.

. . . The study of biology, because it is a study of objective

realities, tends to develop the disinterested judgment, to teach
the individual how to adjust himself to his surroundings, and
to raise the ideals of life.

Biology has a special value in its usefulness in multiplying
the interests of the mind, thus furnishing sources of pleasure
which are deep and lasting and which produce no bad effects.

They are such as are within the reach of all.

Biology calls for a large degree of caution in its method
of thought. In this it resembles real life more nearly than the
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other natural .cience. ,„d ha. an educational value Indicatedby Its aimilarity thereto.
•">"<awa

Biology ha, a humanistic value, measured by the amount

ofthe „% '"V""™"'"'"' " ""»«'
• • • ^o k-owIeC

laLu, th % T^ ^'""'^' *'"' *«'^ «" agriculture andlabour, the profoundly imrartant matter of the relation of thesexes are matter, concerning which biology brings most valu-

SCOPE AND LIMITATIONS OP THE LOWER
SCHOOL WOEK IN BIOLOGY

The inexperienced teafcher will undoubtedly meet with
difficulties in determining the degree of minuteness with
which he will deal with the prescribed work in Botany
ajttd Zoology. On the one hand, it might be argued that
the work outlined for the two years' Course is such that
a whole lifetime might be spent upon it, and on the other,
there ,s he necessary limitation of the time which can be
fairly allotted to it in the school time-table. The con-
ditions will have to be reconciled by. compromises. The
teacher will have accomplished his work fairiy, not by
covering a complete course in Biology-there never could
be a complete course in Biology for any person-but by
giving his pupils (1) a broad view of the plant and
animal world at large, (2) a habit of looking at and
thinking Pbout common plants and animals, and (3) an
appetite for further irquiry by observation and reading
The work is not to be undertaken as a foundation for
advanced work in higher classes or in college. It is com-
plete in itself. Only a small proportion of the pupils
taking it will have the opportunity of studving it furtherm school. It may be hojied, however, that many will have
an abiding interest in it through life.
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General Plan of the Work. The work in ZooIoct
may be summarized as follows:

First Year Second Year

Autumn Term Spring Term Autumn Term Spring Term

Invertebrates—
Typical Insects

Spider

Centipede

Mosquito

Clam

Earthworm

Economic

Insects

Mammals

Crayfish

Wood-louse

Pond Life

rertebratea—

Birds pi.h F„^,
Reptiles

Review

This show-; an interrupted and disarranged series of
type studies for the laboratory. This work is largely of a
morphological character and interpretive of the outdoor
JVaturr.1 History which accompanies it, and for which the
individual pupil :.nu8t become personally responsible The
teacher's responsibility will be to arouse such interest in
the laboratory that the outdoor work may be done largely

'

through his directions. In the nature of things, it would
te impossible—even if =^ were desirable-for a t^-acher to
be always at the pupil's .^ido. In the Natural History side
of the subject, the pupil must soon learn to work
independently-looking to the teacher only for leadership
and sympathy.

The work is arranged, broadly speaking, according to
seasons, as it naturally should be. It commences in the
first autumn with insects and birds-in many respects the
most interesting forms of animal life and consequently the
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best for arousins the pupil's interest. Along with the
laboratory work there are, of course, some preliminary
outdoor observations. But the chief outdoor work will be
done by the pupil tlie next year, and the year pfter, and
all the rest of his life. It is generally agreed that "the
best preparation for the appreciation of study of any
animal in the field is a preliminary examination of external
structure and activities as far as these can be determined
by living and preserved materials in the laboratory. Such
preparation will add greatly to the scientific significance
of a study of animals in their native haunts; and there is
evidence that it intensifies father than lessens interest"—
BioELow, The Teaching of Zoology.

The Course in Botany may be summarized as follows

:

Firat Year

Autumn

Study of a

common
flowering

plant, inclu-

ding an out

line of the

structure and

function of

all the parts.

Fruits and seed

dispersal

Study of seed

structure

Preparation

for winter

Spring

Germination

Artificial pro-

pagation

Study of spring

flowers

Continued study

of roots,

stems, and
leaves

Second Year

Autumn

Composites

Weeds

Fungi

Physiology

Spring

Trees—Special
study of

conifers

Continued study

of flowering

plants

Agraas

A fern

Economic

products

Review
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OTiis gives a fairly well-rounder -ou.se, and the pupil
who has eovered it should have a good general idea of the
n^orphology and life processes of typical representatives of
the great divisions of the plant world. Here, again, the
laboratory work and the pupil's independent outdoor work
should progress side by side, the scope of the latter to be
indicated by the teacher and, as a rule, to be supplementary
to whatever may be engaging the attention of the class at
any particular time. For example, if seed dispersal be
under consideration, the outdoor work would very properly
be directed toward collecting evidences of contrivances
designed to help dispersal.

GENERAL PLANS FOR CONDUCTING
LABORATORY LESSONS

There are two general plans for conducting laboratory
work. The teacher may direct all the observations or
investigations of his pupils orally. This method allows
the full personality and teaching power of the teacher to
come into play and has the further advantage of enabling
one to cover much ground rapidly. It is a very satisfactory
plan for a small class where teacher and pupils may work
together at a few tables. The teacher may pause in his
questioning to help those pupils who are noticeably slow in
getting answers. On the other hand, it is not so satis-
factory where the class is large. The pupils who do not
work rapidly through inability, and those who do not work
well through carelessness, arc overlooked. Their work in
consequence is incomplete ard unsatisfactory to themselves
and their teachers.

The second plan is to direct the pupil's work with
written or printed instructions. It is this method which
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18 employed largely in the lalwratories of colleges and the
large secondary schools. The pupil, with printed or ^rpe-
written guide before him, follows step by step the instruc-
tions set and records his answers in word or drawing.
The teacher's time then is given up to helping individual
pupils over difficulties and overseeing the general work of
the laboratory. This method suits very well where large
classes are engaged in the study of a fixed and formal
course. If it lacks in the enthusiasm and inspiration that
may come from the viva voce exchange of ideas on the
part of teacher and pupil, it gains possibly in the discipline
that comes from following^ explicit directions, answering
clearly stated questions, or solving definite problems.

To offset the disadvantages of these two general
methods, and to fulfil the intentions and requirements of
our own prescribed Course, a plan embodying the two
methods is urged. It is on such a scheme that these
" Suggestions " have been prepared. For every study in
the laboratory the pupil should be given a well-arranged
series of short exercises. Each exercise should define the
problem or line of observation in a clear and methodical
manner; it may be dictated to the class, written on the
black-board, or presented in mimeographed or typewritten
copies. Where the size of the class and the arrangement
of the laboratory will permit, the exercises may be written
on large sheets of paper and displayed as wall charts;
these have the advantage of being available from year to
year and may be extended so as to include many useful
phases of the work. Besides these charts outlining
laboratory work, others may be made b" the pupils, record-
ing their observations on bird migrations, the occurrence
of insects, the first appearance of animals and flowers in
the spring, etc., so that in a short time each school may



BtOLOOT
tl

have a aeries of home-made display charts which will help
matenally in defining and directing the subsequent out-
door work. Sheets of strong maniUa paper, about twenty-
four mches by tliirty-six inches, will answer well; by pas-
ting small pieces of linen at the comers of the sheets they
may be hung on nails without tearing. The printing
should be done with some Such checking crayon as the
Falcon or with India ink crayons. Instead of manilla
paper the cloth material used for window blinds will be
found satisfactory.

GENERAL METHOD OF DEALING WITH
MORPHOLOGICAL STUDIES

The teacher is urged to keep in mind the proper
mtent of the morphological studies. Form and structure
are not to be studied for their own sake; the end does not
he m the observing and recording of these. Behind these
always there must be such questions n„ . Why is this ? Why
should this be so? Has Nature provided wisely here?
Does this suit the environment? As the syllabus states
it: "Behind the observation of the form there must be a
constant effort to interpret the meaning of the form, to
show the relation of form and function ".

In the instruction given in the outlines for the different
topics, this side of the teacher's work is not directly
indicated. Questions to cover the matter would take up
unnecessary space, as they would contain many repetitions.
The method may be indicated more clearly by a direct
reference to a few of the first observations suggested in
the study of the grasshopper. These are

:

1. Note the .shape, coloration, size, and dimensions
(comparative length, width, and depth) of the body.
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„„ !. .•^"'V*'.""'""
"f "" "»•"•''''' "«''' body wall (th,exoikehton), the ,vb»U,nce of it (chilin^ i,. TV

smoothness, and hairiness.
* '' "' *"'"'''•"•'

andVdZ!!:'
""'" ''''^'""

"/ '*' ""y-'-^'- ^^ora..

A-Aape-Pindiny the My at the grasshopper to be of

t..e.r.Me.pin,. or fl;;;;;::::K;j:;r:'^""«
"""'"«

^^:f:;^::r:;tr:i:tL-r:^r

what poBsible purpose'

dUions of hvmg were the same) in being larger?
^.men,.-<,„,._What is the advantage (if there is any^

smooth what advantage is there in this? If ther« arehairs, what purpose may they serve ?

thatl'?hS'''"v!''":-~'^''*
'^ *'"' ^'^'fi'"""''' °f the fa<tthat the body has V ree very well distinguished regions^a

head, a thorax, and an abdomen ? It must mean 'at^^
different regions have distinct functions to perform

And so, throughout the study, seek to find nature'smeanings and purposes.
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««oh questioning, «houl.I In, fr^uitTh; mini
'?'•"•

acquired a h.hit of Hearehing?„t ^aJs ,o
"'
L Tf'"'her^lf, the teacher's chief work in 7hT I

°'

Hi8 nla,,. ivill fK 1 . .

*"" '^f*''^ " finished.

to help the pup.U to answer them themselve,.A word of warning should bo given reirardinir thp wcommon practice of interrupting pupils inX Strt"g out of their answers to the pi^hfems set. Qui iro;que,t,on,ng is highly desirable, but it should notrin^tho

r
^''f"'\^^°"i'- The teacher does not need tn berem,nded that a very important part of the worriies t
aJi "r 1- " " '™^ *•"•* »-h know4e m ;

withnft h ^T^ "'^"'"^ """^ »«""'ilated by pupibw thout the.r bemg required to make formal recordsT^tiJut m the science studie., of the schools, there are otherons,dcrat,ons than the acquiring of knowled"
. Onfothe chief reasons for their being included in the .^W,

EnoTt:'-""''^ I
*^* ''i <"^ertlpi;:::

-•

xp ssion tb ' '". '"'"^ "' '"™™*'= observation and

nT Atl besT":^ V"" '''"'"^''*'''" "^ ''"" think,mg. At Its beet, the making of a drawing or the stateHK. t of a fact in Nal.ral History involve, a moral resjln-
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•ibility. They are exercinei in troth-tolling. The necw-
•ity for making a record thua providcn incentive for the
accurate observation and the correct thinking. Them
purpoeea place the teacher under the responsibility of see-
ing that pupils are not debarred from this wholesome
training; under these circumstances, dictating notes be-

comes a distinct evil ; it is not only not doing right, it is

doing wrong; it is suppressing individuality and originality

where these should be encouraged ; it makes for wcakiie»«

when the proper aim is for strength; it is producing
creditable ( ?) note-bookp at too great a coat.

Neatness, system, and persistency are essential for the
making of a creditable book of science records.

Drawing*. In this connection the teacher of Biology
may take it for a sound working principle that " no one
has seen an object aright until he has made a drawing of

it ". They are quite indispensable. Therefore, encourage
records in drawings as far as time and circumstances

permit. For the attainment of good results in this, care

and patience will be required. To most pupils represen-

tation by drawing is very difficult; the 1 nd and the eye

have not been attuned to a co-operation in this direction.

Because of this very lack, the pupil should be encouraged

to persevere in efforts to acquire a manual dexterity that

is fundamentally important in all industrial effort and
which may be of great service to himself and others.

The following suggestions may be found helpful. Make
the conditions for drawing favourable. Be sure that the

preliminary seeing has been accurate and complete.

Before the work is commenced, discuss the size, propor-

tions, and position of the parts of the object that is to be

represented ; al.so the scale to be used and the selection of
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the met .uitablo pcition on the ,hcct of paper. In«i,ton the mapping out .f the whole drawinK before any part
i. flnwhed; entourage the repeated u«e of the era«>r; if the
foundation ,» right, a good .upcritructure in easily liuiltinjome ca«. it may bo advisable at first to allow the
partml u»e of Ikh,1c drawing, a« «,pic». The be^t cxerci«.
should be exhibited on the bulletin board and some of themreUmed in a ^hool portfolio for .bowing to Bubaequent

1..I1 Tk" f'7"'''"'
"""" *"" ""' ''""' "' 'how an eflTort totU the truth; a nicely executed and neat representation

that .8 untrue munt not l)c acc^.ptcd a« more desirable thana clumsy but honeH expression of an observation. Thev
should be labelled so as to make clear, as far a« posaib^

terms w.U not nc^ to l„ set forth again in whiten records.Have the pupils provide themselves with a good draw-mg pencil (about H) and a kneaded eraser; if*the Zdldrawings are to be traced in with India inL, requirthe

;;/ ^ ^-'J-O'toJedger paper. Many pu^ir^lTl Lto u«e his ink with a fine tracing or mapping pen Imakes drawings show up very well. A supply of'The inkand pens might be provided in the school.

THE LABOBATOBY
The fitness and equipment of the lalwratory will deter-mine, to some extent, the success of the woTk. Bu anelaborate equipment is not a nec.essity for good work Aprogressive teacher will gradually secure and arrange aHthe essentia 8 for the work Th<. fi..* .

" ™"«*' ""

liirhf nn^
"c worK. The first requisites are goodIWht and convenient scats. Where special rooms and« .ngs are provided, the work tables .ho7d Ix, plac^ w" ththeir longer axes at right angles to the windows
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There will have to be provision, too, for exhibiting and
storing material. A separate room adjacent to the
laboratory, which may grow into a school museum, would
answer best perhaps. But in many schools a separate
room will not be available; in that case, the laboratory will
have to hold the fittings. All of these do not need to be
furnished at once. They can be added to as the work
grows. There should be a cabinet of drawers for holding
mounted plants, seeds and fruits, birds' skins, birds' eggs,
insect collections, shells, fossils, Indian relics, etc. Shelves
may be needed for holding collections of specimens pre-
served in liquids; if there is to be a school museum, these
would be better accommodated in glass cupboards placed
around the walls. A laboratory cupboard provided with
drawers and shelves will be very necessary, to liold the
preserved material needed in class work and the general
supply of bottles, dishes, spreading boards, cork, etc.

There should be a rack on which to suspend charts; this
may be made as a light framework and adjusted with
pulleys and cords suspended from the ceiling. A table to
hold aquaria, vivaria, and breeding cages is needed, but a
large shelf so hinged to the wall that it may be set up as a
table will answer well and has the advantage that it may
be let down out of the way when it is not in use. Last,
but not least, there should be a convenient shelf for holding
the laboratory reference library.

SuppUes for Insect Work. The school should possess
a good stock of equipment for loaning to the pupil,.

There should be a number of insect nets, killing bottles,

and stretching boards always available. In many cases the
pupils will want to make their own. They will find in-

structions for this in Agricultural Bulletin No. 8, Nature
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ColUetxom for Schools, p, hlisi-.od l,y tl, Ontario Dcpart-
n.e.,t of Education. Great ..,r,. should .e taken in giving
out tlie potassium cyanide used in making the killine
bottles.

*

AVTiere local dealers do not keep entomological supplies
a stock of insect pins, cork, and larva vials will be needed
in some schools the pupils arrange among themselves for
he purchase of these. It is an advantage, however, to
Imve a supply on hand for the u.«c of both the pupil and
the school. Sheet cork costs 2.5 cents a square foot, and
japanned insect pins about $1.25 a thousand.

CoUections of Birds' Eggs and Skins. While it is
prohibited by law to collect the nests and eggs, or to kill
our wild native birds, other than hawks, crows, blackbirds
and English sparrows, the Chief Game Warden of the
province may issue permits to students for these purposes.
The permits are good only until the end of the year in
which they are issued, but may be renewed. Applications
for such should be made to the Chief Game Warden
Toronto, on a special form which may be obtained on
request. A recommendation of character must be sub-
mitted with the application.

A booklet, entitled Ontario Game and Fishery Lawsms, and including the Act respecting Game. Fur-bearing
Ammals. and Fisheries of Ontario, as well as the Act for
the Protection of Insectivorous and Other Birds is pub-
lished by the Department of Public Works. It may te
secured by addressing the Ontario Game and Fisheries
Department, Parliament Buildings, Toronto.

The Compound Microscope. \ATiile the outline of
work does not call for very much use of the microscope,
there should be one to which pupils may have ready access
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One kept under a glass bcU-jar on a table near a window
will answer well. A little instruction in the use and care
of it and the method of mounting objects so that they may-
be examined, will often bring good results in arousing the
young naturalist's interest. It will be well to limit its use
to the low power. To guard against mishaps to the in-

strument, it may be put under the charge of a committee
of the pupils or of individual pupils for short terms.

There are many objects, botanical and zoological, which a

young pupil may readily examine under the teacher's

direction. If there is a high power objective, this should

be kept by the teacher and used only under his direction.

The microscope does not need to be an expensive one.

No. BH„ made by Messrs. Bausch & Lomb, Rochester,

N.Y., and sold through their Canadian agents, Messrs.

Ingram & Bell, Toronto, and No. 75030, made by The
Spencer Lens Co., Buffalo, N.Y., will be found very good.

Fitted with one eye piece, low and high power objectives,

each costs about $24.50. With a double nose piece it will

cost $28.50. An observation microscope, fitted with a low
power objective and costing about $8.00, will be found

useful for passing about the class. It is made by the above

firms.

Microscopes may be imported duty free for schools.

Museum Jars, A supply of Crown sealers in pint and

quart sizes will be found convenient for storing material.

They have large tops which make it convenient to put in

or take out material. The two-quart sealer known as

"The Best" has the same advantage and will be found

suitable for frogs and animals of similar size. If collec-

tions of the different fishes, snakes, and amphibians of the

neighbourhood are made for the school museum, it will be
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well to fix on some sucli bottlo as a standard clear gla^s
pickle bottle. It adds much to the appearance of museum
specimens to have them exhibited in uniform tottles.

HOW TO GET SUPPLIES

The following list comprises the best known dealers in
such supplies as may be required in biological work
Teachers should send for catalogues, and in purchasing
ask for quotations and terms. Imported for educational
purpo..cs, most articles required will be duty free In
some cases, purchase from foreign firms may 'be made on
as good terms through local School Supply houses - one
can secure by dealing directly. If purchasing supplies
prepared in France or Germany, through United States
firms, It IS advisable to give them an import order, so
that the United States duty may be saved. It usually
requires a long time to fill such an order, and due allow-
ance should be made for this if the supplies are wanted for
any particular part of the year's work.

ZOOLOGICAL SUPPLIES

MUSEUM SPECIMENS

The Kny-Scheerer Company, 404 West 27th St., New
York

Les Fils D'Emile Deyrolle, 46 rue du Bae, Paris, France
The Geo. M. Hendry Co., Limited, 215-219 Victoria St

Toronto
'

Ward's Natural Science Establishment, 76 College Ave
Rochester, N.Y.

The Rochester firm advertises the following Zoological
sets, specially selected, to meet the requirements of the
Ontario Course of Study in science

:
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I. Collection of larger sized mounted skeletons of the

Perch, Frog, Snake, Tuitle, Crow, and Cat^-$50.00

(ease $10.00 extra)

II. Collection of smaller sized skeletons, including the

Perch, Frog, Turtle, Robin, and Hat—$35.00 (case

$5.00 extra)

III. Collection of mounted skulls of Pig, Horse, Sheep,

Rabbit, Dog, Mole, and Bat—$25.00

IV. Collection of mounted bones of feet of the animals

listed in III—$15.00

v. Collections of specimens, mounted in spirits, illus-

trating the stages of development of the Frog,

Snake, and Fish—$15.00 ($5.00 each)

VI. Collection of skins of twenty representative birds

—

$15.00

They offer other collections as well.

The Kny-Scheerer Company, besides furnishing sup-

plies similar to those specified in tlie Ward's sets, carries

many series of wall charts dealing with natural history and

zoological studies, as well as microscopical slides, such as

the mouth parts, spiracles, and wings of insects, etc.

The Paris firm offers very large selections in all kinds

of supplies.

The Geo. M. Hendry Co. offers zoological specimens,

aquaria, models, wall charts, etc.

LANTERN SLIDES

Mrs. M. V. Slingerland, Ithaca, New York

C. H. Stoelting & Co., 18 South Green St., Chicago



BIOLOGY Jl

HICROSCOPES

The Bausch & Lomb Optical Co., Rochester, N.Y.
(Messrs. Ingram & Bell, Toronto, Canadian agents)

The SjJencer Lens Company, Buffalo, N.Y.

The Geo. M. Hendry Co., Toronto

BIRD SKINS

N. 0. Lawson, Geneva, 111., U.S.A., supplies unmounted
skins of our commoner and smaller birds at 25 cents each.

Mounted, the cost is 50 cents each.

Teachers desiring to purchase mounted museum speci-

mens or to arrange for the mounting of their own material,

should communicate with the following taxidermists.

Some of these will undertake to supply sets of skins also:

John Maughan, Jr., 498 Wellington St. West, Toronto;

John A. Morden, Hyde Park Corners, Ont. ; W. A. Brodie,

Unionville, Ont.; T. W. Campion, 175 Dundas St.,

Toronto; E. Elcorae, Peterborough, Ont.

COLODRED BIRD PICTURES

A. W. Mumford, 63 East Washington St., Chicago, U.S.A.

The Perry Pictures Company, Maiden, Mass., U.S.A.

C0L0C8ED BIRD CHARTS

The Audubon Charts, Prang Educational Co., New York
Canadian Birds in Relation to Agriculture, William Briggs,

Toronto

ENTOMOLOGICAL SUPPLIES

The Kny-Scheerer Co., 404 West 27th St., New York
American Entomological Co.. 55 Stuyvesant Ave., Brook-

lyn, N.Y.

Messrs. Watters Bros., Guelph, Ont.
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Cork and insect pins may be purchased from The
Entomological Society of Ontario, Ouelph.

BOTANICAL SUPPLIES

The Kny-Scheerer Company, 404 West 87th Street, New
York, and

The Cambridge Botanical Supply Company, 1286 Mass-
achusetts Av., Cambridge, Mass.,

issue comprehensive catalogues of botanical supplies,
embracing material of every description, both dry and in
preservative fluids, together with wall charts, microscopical
mounts, etc., etc. As a rule, however, the teacher will find
it to his interest and that of his classes to encourage the
pupils to collect their own supplies for botanical work.
The difficulties are obviously less than in the case of
Zoology.

SUGGESTIONS FOR AROUSING INTEREST
IN THE WORK

A Class Observation Book. The keeping of a class

observation book may help to arouse and sustain an
interest in the work. It should be a well bound book, with
good paper and good covers ; large enough to last a number
of years, but of a size that would permit it to be kept
among the other books in the library after it is filled up.

While in use, it should be kept on the teacher's desk or
the observation table, so that it may be available for
inspection or perusal at any time. Special matters of

interest concerning local animals, plants, etc., should be
recorded in it by the pupils, in some cases under the
teacher's direction, or in other cases independently. All
records should be written in ink, dated, and signed.

Cuttings from newspapers and magazines might be given
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space in it, too, but, if these were numcrons, it would he

hetter to insert them in a separate class scrap-book. Such
a book will be found to be of value, not only as a reference,

but also as a personal link with old pupils of tlie school.

A Class Portfolio of Science Records. For reasons
similar to those given for the Observation Book, a class

portfolio, containing representative exercises from all the
pupils, would be of value in the work. These should be on
loose sheets of uniform size so that they may be put
together neatly in strong covers. If the exercise selected
should represent some independent work of the pupils, it

would he so much the more valuable as an incentive to
the pupils of the following years. While the work of all

the pupils should be represented, it should be understood
that nothing unworthy of the class as a whole could be
allowed a place. The portfolio should be given a place in
the school library as a reference work.

A Naturalists' Qub. At any schools where there are
a number of enthusiastic pupils, the organization of a
Naturalists' Club should be considered. Through this the
Outdoor Work outlined in the Courses of Study could be
carried on very well, and more of the school time thus
devoted to systematic morphological studies. By means of
it, too, teachers could arrange for timely supplies of class
material, as well as specimens for the school museum.
There would, moreover, be great personal advantage to the
pupils in the training received in conducting meetings, in
giving point and purpose to their desultory (and often
harmful) contacts with nature, and in creating the
enthusiasm that comes from working with others at home
and in other places. It can be imagined that in such
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.
Mies of youthful naturalists, the scientific societies of
the country would find many recruits.

It is not to be expected that a club of this kind will
lessen the teacher's work or responsibility. Indeed, these
may be increased; it will probably require his constant
supervision as a matter apart from his school work. It
should not, therefore, be lightly undertaken.

Different ways of canying out the work will suggest
themselves. It may te considered advisable to make it a
part of the proceedings of the school's Literary and
Scientific Society, and to use either part of the time of each
meeting or to devote the whole time of alternate Friday
afternoon meetings to scientific interests. It may be
thought best to restrict its meetings to the spring and
autumn, when outdoor nature studies can best be carried
on. By this plan, there would be no interference with the
literary interests of the winter meetings. Pupils in the
senior classes should be included in the membership, as
well as ex-pupils and other persons in the locality who -re
interested in natural history. If the club were made an
affair of the whole community, it would be necessary
perhaps to hold evening meetings in the public library or
some other central public place. By affiliating with some
of the older organized scientific societies, such as The
Entomological Society of Ontario, the club could have the
advantage of its publications, support, and experience.
From a number of clubs thus affiliating, a strong repre-
sentative provincial Naturalists' Society might be organized
in time, with our High School Science Departments us its

local centres. The Audubon Society and Agassiz Associa-
tions of the United States are also open to Canadian
branches.
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To facilitate tiie work of organization of such a cluli,

the following outline of a constitution may be found
useful; it may be modified to suit local needs:

CONSTITDTIOK SuaOEi.rED FOK A NiTURAUSTS' CLDB

Article I—Namt
The name of this orguiization shall bo the Naturalists' Club

of.

Article tl—Object
The object of this club is to increase and diffuse the knowledge

of Natural History and to assist in the intelligent protection of
our native plant and animal life.

Article III—Memhert
All persons interested in the study of Natural History shall

be eligible for membership. Members shall be elected by a two-
thirds vote of the members present at any meeting.

Article IV—Ueetinge

Section 1.—Regular meetings of the Society shall bo held on
alternate Fridays during April, May, June, September, and
October.

Section 2.—Special meetings may be called by the President.
Section 3.—The annual meeting shall bo held on the last

Friday of March.

Section 4.—The regular meeting shall be open to alL

Article F

—

Duee

The annual membership fee shall be

Artiae ri—Offlcen
Section 1.—The officers of this Club shall be a President,

a Vice-president, and a Secrctary-treiisurer, elected at the annual
meeting to serve one year.

Section 2.—The duties of the officers shall be as follows

:

The President shall preside at the meetings of the Society.
The Vice-president shall preside in the absence of the

President.
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The Soeretarj-treaiurar ahall record the proeeedingf of *U
meeting!, conduct eorreapondcnee, winounee the meetlnKi of the
Cluh, collect til duel, and pay all bllla authoriied by the Clubj he
ahall make an annual report, and hia aceounta ahall be audited
bjr a Committee of the Club, prerioui to the annual meeting.

Section 3.—All offlcera elected ahall awume offlca at the tttt
meeting after the annual meeting.

Artteh yil—Committeet
Section 1.—The Executive Committee of tUi Club ahall eon-

eiat of the Preaident, Viec-preaident, and Secretary-treaaurer.

Section 2.—The Executive Committee ihall conatitute a atand-
ing committee on programmea, publicationa and library, admia-
ion to memberahlp and finance, arranging for apecial lecturea by
outgide naturaliata. Club field excuraiona, and the acquiring of a
library of nature boolis, lanterp alidea, etc.

Section 3.—The Executi-.f Committee ahall, aa it leea fit,

appoint eub-committeea or ottrcia to take charge of apecial linea
of work »uch aa: (1) To act aa curator of the Club muieum;
(2) to act aa Club librarian or arrange for the aelection and
purchaae of auitable booka and periodicala for the achool or
public library; (3) to prepare articlei on local natural hlatory
for the local preaa; (4) to correapond with Naturaliata* Cluba
in other Canadian High Schoola or through The League of the
Empire (Caxton Hall, Westminster, London, England) with
schools in Australia, South Africa, etc.; (5) to represent the
Club at meetings of other Naturalists' or Scientific organizations;

(6) to report on bird migration; (7) to make lists of the trees,

flowering plants, etc., of the locality; (8) to report violations of
the bird laws and take measures to protect biijs and attract
them about the achool, homes, or parka; (9) to encourage the
protection of our wild flowers and the planting of these, as well
as shrubs and trees, in our school grounds and parks.

These committees or officers shall report on their .work at the
regular meetings.

ArtieU VIII—Amendmetiti
Any amendments to this constitution may be adopted by a

two-thirds vote of the members present at any regular meeting,
provided that notice of anch amendment was read at the last
previous regular meeting of the Club.
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Articit IX—Order of Buineu at Itcoular Ucctingt

Tho order of buiincM to bo followed at regular mcetingi ihall
be ai follow!

:

1. Beading of minutea of prevloui meetinga
2. Buainoaa ariiing out of the minute*
S. Beading of correapondence by the Secretary
4. Beporta of apecial committeea or officera

5. Miaccllanooua busineas

6. Natural objecta or occurroncea of intereat to be preaented
or reported upon by memlwra

7. Paper, lecture, demonstration with microicope, or debate
8. Diacuaaion.

THE LIBBABY

No text-books have been prescribed by the Department
of Education for the use of pupils in the Elementary
Science Course, and none will be used by them in their

daily work in tho class-room, but it is of the highest
importance that the best available works in l)oth Botany
and Zoology should be on the library shelves for supple-
mentary reading by the pupils and for constant reference
by the teacher.

Books Recommended in Connection with the
Work in Biology. The selection of liooks for a
biological library is not an easy matter. As the field

covered in the science is so extensive and varied, there is

a multiplicity of works to be considered. There is, besides,

8 great diversity of demands and uses to be made of them

;

some are wanted for the teacher and some for the pupil;
some are for guides in the field and some for manuals in
the laboratory ; some are for references for the teacher and
some are for supplementary reading for the pupil.

In the list given below an effort, has been made to select

the fewest, most approved, and most modem works neecs-
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M -y for the proper covering of the Held of rtudy. Tt must
be remembered that it will take time to build up a
complete library; but aystematic additions should be
arranged for in all purchases of books. The order of list-
ing the books may be taken as a guide in purchasing; the
best books are listed first.

Where there is a public library in the town co-operating
with the school in furnishing books recommended for the
pupils' supplementary reading, the school may be relieved
of purchasing many of the general works. The school
should endeavour to have a representative on the library
board who can arrange for^ plans for bringing the library
and school into close association in the cause of good read-
ing and education generally.

SPECIAL BOOKS FOE THE TEACHEB

ZOOtOOY

Text-book of Zoology, 3 vols. Parker and Haswell. Mac-
millans, Toronto. $9.00.

Manual of Zoology. (An American abridgment of above)
Parker and Haswell. Macmillans, Toronto. $1.60.

The Teaching of Biology. Lloyd & Bigelow. Longmans,
Green & Co. $1.S0.

Teacher's Manual. (Accompanying Zoology. Descriptive
and Practical) Colton. Heath & Co., Boston.

Book of Suggestions to Teachers. (Accompanying Studies
of Animal Life) Walter, Whitney, & Lucas. Heath
& Co.

Parker and Haswell's Text-book of Zoology is almost
indispensable as a comprehensive and standard work of
reference.
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Lloyd & BiReIow'8 The Ticking of Biology d\^m»
the whole problem of Biology teaching. It is full of sug-
««itiong and information regarding meth.H]«, l»ok», and
laboratory equipment for both Botany and Zoology.

BOTANY

Th e Teach ing of Biology. Lloyd & Bigclow.
Th, Teaching Botanist. Oauong. Macmillans. Toronto.

A thoroughly modern work, full of useful hints for
teachers.

The Teacher; Handbook. Bergen. Oinn & Co., Boston. 30c.
Elementary Botany. Atkinson. Holt & Co., Boston.

91.35.

Field, Forest, and Garden Botany.
Company, New York. $1.80.

New Manual of Botany. Gray,
pany. $1.62.

These last two manuals arc the Iwst for identifica-
tion of plants, as supplementary to the High School
Flora, Part II.

Laboratory Manuals. These books have been pre-
pared as guides for practical laboratory work. They are a
link in the development of the teaching of Biology con-
necting the formal method of instruction of the University
aboratory through the work done in the modified
laboratory of the secondary school with our present semi-
Nature Study methods. In Ontario schools, good use may
be made of them in Upper School classes; for Lower
School Elementary Science their chief value to the teacher
will be in suggesting ecological or morphological observa-
tions or exercises. They should be available on the

Grey. American Book

American Book Com-
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laboratory book shelf, as there may be occasions when they

can be put into a pupil's hands with advantage.

ZOOLOGY

Studies of Animal Life. Walter, Whitney, & Lucas.

Heath & Co. 60c.

Studies in Zoology. Merrill. American Book Co. 50c.

Practical Zoology. Colton. Heath & Co. 60c.

Elementary Biology. Boyer. Heath & Co. 80c.

Plant Biology. Cavers. ' W. B. Clive, London, England.

3s. 6d.

Laboratory Practice for Beginners in Botany. Setchell.

Macmillans, Toronto. 90c.

General Texts for Pupils' Reierence and Supple-

mentary Reading, as well as for Teachers' Use.
Tliese books should be kept on the laboratory book shelf,

where pupils can have such ready access to them that they

may form a habit of using them.

ZOOLOOY

First Course in Biology. Bailey and Coleman. Mac-

millans, Toronto. $1.25.

Modem Nature Study. Silcoz and Stevenson. Mac-

millans, Toronto. ?5c.

Nature Study and Life. Hodge. Ginn & Co. $1.50.

First Lemons in Zoology. Kellogg. Holt & Co. $1.12.

Introduction to Zoology. Davenport. Macmillans, Toronto.

$1.10.

Animal Forms. Jordan and Heath. Appleton & Co.,

Now York. $1.10.
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Animal Life. Jordan and Kellogg. Appleton & Co. $1.20.
Animah (combining the two above). Jordan, Heath, and

Kellogg. Appleton & Co. $1.80.

The Study of Animal Life. Thomson. John Murray, Lon-
don, 6s.

Descriptive Zoology. Colton. Heath & Co. $1.50.

Elementary Lessons in Zoology. Needham. American
Book Co. 90c.

FAementary and Comparative Zoology. Kingsley. Holt &
Co. $1.80.

Animal Activities. French. Longmans, Green & Co.,
New York. $1.80.

The first five books listed will be found most useful.

The others are useful books, too, but will be found suitable
for reference and reading rather than for guides in the
practical work. Bailey and Coleman's book especially is

recommended to teachers. It is the latest High School
text in Biology and comes nearest to supplying the require-
ments of our Courses of Study in purpose, matter, and
method.

The Essentials of Botany. Bergen. Oinn & Co. $1.50.
Botany All the Year Round. Andrews. American Book

Company. $1.00.

Lessons with Plants. L. H. Bailey. MacmiUans, Toronto.
$1.10.

Plant Studies. Coulter. Appleton & Co. $1.80.

Elements of Botany. Kellennan. Hinds, Hayden &
Eldredge, New York. 90c.

(Useful for information as to economic plant-products)
First Book of Forestry. Roth. Ginn & Co. 75c.
Our Native Trees. Kecler. $8.00.
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Our Native Ferns and Their Allies. Underwood. Holt &
Co. $1.00.

The Bulletins of the Ontario Department of Agriculture.
Fi'ee on application.

SPECIAL ZOOLOGICAL WOEKS

BIRDS

Bird Guide, Part I. Water and Game Birds East of
Rocktes. Reed. Musson Book Co., Toronto. 76c.

Bird Guide, Part II. Land Birds East of Rockies. Eeed.
Musson Book Co., Toronto. 76c.

Wild Birds in City Paris. Walter. Mumford, Chicago.
40c.

Check List of the Birds of Ontario. Nash. Department
of Education. Free.

Birds of Ontano in Relation to Agriculture, Bulletin SIS.
Nash. Department of Agriculture. Free.

Catalogue of Canadian Birds (new edition, 1909). Macoun.
Geological Survey of Canada, Ottawa. Free to High
Schools.

The Birds of Ontario. McHwraith. Briggs, Toronto
$2.00.

Handbook of Birds of Eastern North America. Chapman.
Appleton & Co. $8.25.

Bird Life. Chapman. Appleton & Co. $2.00.

Colour Key to North American Birds. Chapman. Double-
day, Page & Co., Garden City, New York. $2.75.

North American Birds' Eggs. Heed. Doubleday, Page &
Co. $2.60.

Birds of the United States and Canada. Nuttall. Little,

Brown Co., Boston. $3.00.
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Birds of Village and Field,

Boston, Mass. $2.60.

Bird Neighbours. Blanchan
$8.50.

Merriam. Houghton, Mifflin,

Doubleday, Page & Co.

Beeds BM Ouide. Parts I and II. and Walter's Wild
Bvrds m Cty Parks are suitable for pupils' use in the field.
I-art II Bird Guide is particularly usable in having
coloured pictures of all our land birds. Nash's ChecJc List

V "Jff
"^•'- Chapman's Handbook of Birds of Eastern

North America is generally accepted as our standard Td
book.

The other books have their chief use as references.
Macouns Catalogue of Canadian Birds (1909) contains a
very comprehensive account of the distribution of all birds
found in Canada.

INSECTS

Common Insects Affecting Fruit-trees—Bethvme
Fungus Diseases Affecting Fruit-trees—J&nh
partment of Agriculture, Toronto. Free.

Insects Affecting Vegetables (Bulletin 171). Bethune
Department of Agriculture, Toronto. Free

Annual Reports of the Ontario Entomological Society
Department of Agriculture, Toronto. Free

Insect Life. Comstock. Appleton & Co. $1 75
How to Know the Butterflies. Comstock. Appleton & Co.

Uanml for the study of Insects. Comstock. Comstock
Pub. Co., Ithaca, N.Y. $3.75.

Insects Injurious to Fruits. Saunders. Lippincott & Co.,
Philadelphia. $2.00.

Insects Injurious to Vegetables. Chittenden. Orange.
Judd & Co., Fourth Ave., New York. $1.50.

and

De-
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Insects Injurious to Staple Crops. Sanderson. Wiley t
Sons, New York. (Renouf, Montreal) $1.50.

Economic Entomology. Smith. Lippincott & Co. $2.50.

Outdoor Studies. Npedham. American Book Co. 40c.

Moths and Butterflies. Dickerson. Qinn & Co., 1901.

$1.50.

From the large number of books dealing with insects

there is some difficulty in selecting a list ; on the whole, the

books given above will be found to cover all the ground on

which references might be required by teacher or pupil.

The In-xci Booh, The M(^th Boole, and The Butterfly Book,

of the ^'..ture Library, published by Doubleday, Page &
Co., might have been included. Comstock's Manual is the

standard College text on this continent. For any pupil

making a special study of butterflies Comstock's How to

Know the Butterflies is recommended.

Dr. Bethune's Bulletins and the Reports of the En-

tomological Society will be found very useful in making

an acquaintance with the economic insects occurring in

Ontario.

laSCELLANEOXT'i

TEBTEBBATES

Taxidermy and Zoological Collecting. Hornaday. Scrib-

ners, New York. $2.50.

Manual of Vertebrates of the Northern U.S. Jordan.

McClurg & Co. $2.50.

American Food and Game Fishes. Jordan and Evermann.

Doubleday, Page & Co. (Briggs, Toronto) $4.00.

The Reptile Book. Detmar. Doubleday, Page & Co.

(Briggs) $4.00.



BIOLOGY 45

American Animah. Stone and Cram. Doubleday, Page &
Co. (BriggB) $3.00.

Four-footed Americans. Wright. Maemillans, Toronto.
$1.50.

INTERTEBHATE8

Everyday Butterflies. Scudder. Houghton, Mifflin. $2.60.

The Butterfly Book. Holland. Doubleday, Pago & Co.
$4.00.

The Insect Bhuk. Howard. Doubleday, Page & Co. $3.00.

The Moth Book. Holland. Doubleday, Page & Co. $4.00.

Common Spiders of the United States. Emerton. Ginn
& Co. $1.60.

Injurious and Useful Insects. Miall. Maemillans. $1.00.

Insect Stories. Kellogg. Holt & Co. $1.50.

Our Insect Friends and Foes. Smith. Lippincott Co
$1.60.

Address the Superintendent of Public Documents,
Washington, D.C., for lists of publications issued by the
United States Department of Agriculture. Many of them
deal directly with topics included in the programme of
science studies. They are furnished at a nominal cost.

There are farmers' bulletins also distributed free in the
United States.

SCIENTIFIC PUBLICATIONS

The American Naturalist. Ginn & Co. Monthly. $4.00
per annum.

Popular Science Monthly. The Science Press, Lancaster,
Pa. Monthly. $5.00 per annum.

School Science and Mathematics. Chicago, $2.00.
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Spedal Works on Natural History for Supple-
mentary Reading. A very long list of bookg might be
made liere, including sucli boolcs as those of Burroughs
Gibson, Long, Thompson-Seton, and Ingersoll. A elected
hst only ,s inserted, however. It comprises a number of
those which stand out prominently in biological literature
as great books, being the works of famous scientists or
travellers

:

Gilbert White. Dent
Natural History of Selbome.

(Everyman). 35(!.

Vegetable Mould and Earthworms. Darwin.
Voyage of the Beagle. Darwin. Appleton & Co., 1899

$4.00.

Animal Intelligence. Romanes. Intrl. Science Series, 1886.
Appleton & Co. $1.75.

Island Ufe. Wallace. Macmillans, 1895. $1.75.

AnU. Bees, and Wasps. Lubbock. Appleton & Co. $3.00.
The Naturalist on' the River Amazon. Bates. Dent

(Everyman). 36c.

Naturalist in Nicaragua. Belt. Dent (Everyman). 35c.

SCIENTiriC SOCIETIES

Some of the best known organizations concerned in
scientific interests related to the work are listed below.
Teachers will find it an advantage to become acquainted
with the work of these. The official publications of some
of them may be secured for the school library or reading-
room, and some pupils thereby be given a stimulus to
advance in the study.
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Headquarter!

The Roral
Canada

The Eotoinoloffleal
efet/ of Ontario .

Sooieir of

So-

The Rojral Canadian In-
Rlitute

The OtUwa Field Natu-
raliita* Club . .

.

The Wellington Field
Naturaliita' Club

The Britleh Asaoeiation
for the Advancement
of Sclfince

The American Aaaoeia-
tion for the Advance-
ment of Science

Ottawa.

Ouelph.

Toronto

.

Ottawa..

The National Aiaoeiation
of Audubon SoGietlea

The A^aiili Aiaoeiation.

Nature StudyAmerican
Society

The American Ornitbolo-
ffical Union

Guelph . .

Qreat Britain

United Statei

141 Broad-
way, New
York

Publication

Trunnettotu

Tk* Canadian Ento-
motogist and
Annual Afport...

The Ottawa
NaturaUat.

Subacrlpiion

Science, publiihed
by the Science
Preat, Lancaitor.
Pa

Sound Beach,
Conn.. U.8 A.

Urbana. III.

The Ontario Natural
Science BuUetin.
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BEFEBEXCE8

Teachers who desire information on matters pertaining
to the work may feel free to consult the following gentle-
men:

Concerning insects in general, Dr. Hewitt, Dominion
Entomologist, Department of Agriculture, Ottawa, and
Dr. Bethune, Department of Entomology, Ontario Agri-
cultural College, Guelph; concerning Orthoptera, Odonate,
Ephemendae, as well as fishes, amphibians, reptiles and
our smaller mammals. Dr. Walker, Department of Zoology
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tTn.ve«ity of Toronto, Toronto; concerning bees and bee-keepmg Money Pettit, E^.. Provincial Ajiarirt. Dep^.
ment of Apiculture, O.A.C., Guelph; concerning Wrds.WE. Saunders, Esq., Undon, and C. W. Nash, Esq
lecturer m Biology, Department of Agriculture, Toronto •

coneernmg text.l»oks or matters in general relating to the
teachmg of the subject, George Cornish, Esq., Faculty of
Education, University of Toronto, or Dr. Dandeno, De-
partment of Education, Toronto.

Postage is free on letters or parcels to Dr. Hewitt he
being an official of the Dominion Government; to the
others postage must be prepaid. Specimens sent for
Identification should be carefully and securely packed and
have the correspondent's name plainly attached to the
parcel.

MTJBEUU8

Teachers of Biology will derive much benefit from the
mspection of good museumo. Besides suggesting interest-
ing lines of work that may be followed up, it makes one's
subsequent, reading more effective. In some instances it
may be found possible to arrange an excursion for the
pupils to some of the followi->g public museums:
The Museum of the Ontario Department of Education,

Normal School, Toronto
The Geological Survey Museum, Geological Survey Build-

ing, Ottawa

The Biological Museum, University of Toronto, Toronto
The Hoyal Canadian Institute Museum, College Street,

Toronto

Agricultural and Biological Museum, Ontario Agricultural
CoUege, Guelph (including the cabinets of the
Entomological Society of Ontario).
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AUTUMN WORK OF FIRST YEAR

„ , OBASBHOPPEB
aeferencet:

Fint Course in Biology. Bailey and Coleman
Studies of Animal Life. Walter, Whitney, & Lucas
Studies in Zoology. Merrill

Drawings suggested:

1. Entire animal viewed from the side, i 3
2. The mouth parts, x 3
3. A leg, X 3

4. Facets of compound eye, x 60.

I.ABOBATOBT STUDIES—THE J,mNO ANIMAL
With specimens of different ages kept in vivaria or

glass jars, which are supplied with grass or other food
materuila—
Note:

1. Its moTementa.-(a) how it walks and jmnps:
(6) whether it can crawl up glass; (c) how it clings to
an upright stick or blade of grass; (d) how its head,
feelers and mouth parts move; (e) what arc the nature

^i"^. *\* '""'**''°S pulsations of the posterior end
of the body—the abdomen.

2. Itsdevelopments.-(a) the differences in the amount
of wmg development in the different ages; (6) keep some
of the smaller specimens to see how they increase in size
through moulting.

3. Its feeding.-(o) if possible, how it bites a blade
of grass and eats it; (i) the kind of green food it prefers

4t
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UBORATORY 8TIDIM—MOHPIIOtOOICAL

Uiing freshly killed specimens if possibU—

Note:

1. The shape, coloration, size, and dimensions (com-
parative length, width, and depth) of the body.

2. The nature of the animal's outer body wall (the
eToskeleton).—the substance of it (chitin); its hardness,
smoothness, and hairiness.

3. The main divisions of the hody.—head, thorax
(chest)

, abdomen. These may be best seen from the under
(ventral) side.

4. The thorax and app»ndageu.—(o) its comparative
size and strength; (J) the number, places of attachment,
and relative size of the wings and legs; (c) the three
divisions of the thorax, (1) the prothorax. (8) the
meaothorax, (3) the meta-thorax (pro=front, meso=
middle, »iete=la8t)

; (d) the structure of a leg—starting
from the body its parts are named coxa (hip), trochanter
(thigh ring), femur (thigh), tibia (shin), tarsus (foot),

(e) Compare the size, position, and direction of setting of

the fore, middle, and hind legs. (/) Compare the size,

colour, shape, thickness, folding, and veins of the fore and
hind wings.

5. The abdomen.—(o) How many segments compose
it? (J) What is the composition of each segment?
(c) Note that the first and 'ast two segments are incom-
plete rings, (d) How do _:.e rings overlap, and what
arrangements allow the abdomen to bend, expand, and
stretch? («) Distinguish the male and female animals by
the shapes of the ends of their abdomens; the male is

blunt and enlarged, the female is elongated and somewhat
pointed with a projecting ovipositor (egg-placer).
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(/) Locate the tpiracUi (breathing pores), Rmall openingg,
one on each side of the first eight segments. (Are there
any in the thorax?) (g) Identify the pair of glistening
membranous oval ear drums on the aides of the first

abdominal segment

6. The head and appendages.— (o) the size, shape,
hardness, and movability of the head; (i) the position of
the mouth; (c) tlie position, size, structure, and movability
of the antenna (feelers) ; (d) the position, shape, and
numerous facets of the two large compound eyes; (e) the
three ocelli (simple eyes), one in the middle of the fore-
head and one just behind the base of each antenna;
(/) the structure of the mouth parts—the labrum (upper
lip), the /odium (lower lip) with its jointed labial imlps
(lip-feelers); the mandibles (biting jaws), the maxilla
(holding jaws) with their jointed mamillary palps.

As there is considerable difficulty in making out these
mouth parts, it will be advisalde to help the pupils by show-
ing them a printed chart or a set of the parts dissected off

and glued to a card. The use of the large Carolina locusts
makes the work easier.

STUDIES WITH THE MICROSOO- :

ExAUiNE

:

1. A piece of the cornea of a compound eye, to show
the shape and number of the facets.

2. A thin piece of an abdominal segment containing a
spiracle, to show the slit and its borders.

3. A piece of one of the hind wings, to show the veins,
hairs, etc.

4. A piece of the muscle of the thigh teased out, to
show the character of muscle fibres.
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OINBUI, DINCaSIONI

1. How well the animal't structure and mode of life
«ccord» with the conditioni rorrounding it—it» environ-
ment

2. The locuat in history—famou» plague*

3. The economic importance of locusts—the damage
that result* from them; have they any value as a food
•upply?

4. The natural and artiilcial checks on their increase
or deatructivenesi.

Non:
OUTDOOB WORK

1. The time of the year when grasshoppers become
noticeably prevalent

8. The kind of season (wet or dry) in which they
appear to be most abundant.

3. (a) On what kind of a day and at what time of day
they seem to be most active; (6) how far and how long
they can fly; (c) how far they can jump.

4. In what kind of places or localities they are most
abundant.

6. The kind of crops they attack and the manner of
their attack. Make an estimate of the number infesting
an acre, say, of pasture-land.

6. Whether they injure such things as clothing or
woollen articles.

7. Their destruction by turkeys, chickens, and ducks.

8. Which of our native wild birds prey on them.

9. That grasshoppers seen in the early part of the
season are not fully developed.
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10. The two common gpocic*—the «mallcr Red-lcRgeU
gr««ihoppcr and the larger Carolina locunt that flic* from
Hu8ty roaila with a crackling noise. Both of thew are
true locMts, that is, they have short antenna;.

11. The Carolina locust laying its eggs in the luid
along railway tracks in Scptcmlier.

12. The effects of the cold weather on the prevalence
of grasshoppers.

CBICKET OB COCKBOACH

The outdoor and lalioratory studies outlined for the
living grasshopper should be followed in general for the
cricket also.

With crickets kept in a vivarium and fed on grass, bits
of apple, etc., opportunities will arise for seeing how they
produce their " chirp ".

Observation of the cockroach in its natural haunts may
occasionally be made in kitchens and pantries.

LABOHATOHY 8TCDT—MORPHOLOOICAL
With the structure of the grasshopper brought clearly

to mind by a review, study the structure of the cricket or
cockroach, systematically comparing—

1. The general shape, coloration, size, and dimensions
2. The divisions of the body
3. The thorax and its appendages
4. The abdomen and its appendages
5. The head and its appendages.

Summarize the differences and similarities. Discuss
the significance of the close relationships indicated in the
structures, and introduce the idea of the order Orthoptera
(Straight-winged Insects).
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It may be considered beat to postpone the fuller con-
sideration of this topic until some other insect, such as a
butterfly, has been studied and compared with the grass-
hopper.

BUTTERFLY
References:

How to Know the Butterflies. Comstock
Studies in Zoology. Merrill

LABOBATOBT STUDIES—LIVING ANIMALS
Using the cabbage-butterfly—

1. Set specimens free in the school-room, to observe
their manner of flight and how they feed at bouquets or
saucers containing sweetened water. Notice how the wings
are held when the animal is at rest; compare in this respect

with a moth.

2. With specimens in glass jars or terraria, observe:

(a) their manner of walking or climbing; (i) tlie move-
ments of the antennae; (c) how they feed on sweetened
water, etc.

3. With eggs or larvie brought from the garden and
kept in a terrarium furnished daily with fresh cabbage
leaves, trace the whole life history of the animal—the
hatching of the egg, the growth of the larva (caterpillar)

by moulting, the change into a chrysalis, the emergence of

the imago (completed butterfly).

LABOBATGHY STUDIES—MORPHGLOOICAL

Keeping in mind the structure of the grasshopper as a

basis for comparison, and the pupUs having specimens of

the butterfly, larva, and chrysalia—
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Note:

1. The divisioM of the body.-their shape, hairmess,
and comparative size.

2. The head.-(a) its movability and the nature of theneck connecting it with the thorax; (J) the position and
size of the compound eyes (are there simple eyes?) •

(c) the position, shape, colour, hairiness, and segmentation
of the MtenwB; (d) the position, number of coils, length
and tendency to recoil of the pfoAosm.

3. Sh^ wings.-(a) their number, comparative sizes,
colour, and attachment; (6) their position in the killed
insect; (c) the arrangement of the scales on them.

4. The legs.—their number, attachment, division
hairiness, and presence or absence of claws.

'

5. The ahdomen.-the number of segments, the pres-
ence or absence of ovipositors.

6. The caterpillar.-iU colour, hairiness, and shape;
the number of segments; the number of pairs of true wd
false legs.

7. The ckrysalis.~ihe appearance of the forthcoming
butterfly's wings and proboscis in its ease.

STUDIES WITH THE MICBOSCOPB
Examine :

1. Some of the scales from the wings.

2. An antenna to show the segments, hair, and knobs.

OENEBAL DISCUSSIONS

1. The meaning of « complete metamorphosis »

8. The varied beauties of colouring in butterflies (see
coloured pictures in The Butterfly Book or How to Know
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the Butterflies) ; the advantages or disadvantages of their
Btrilcing colours; how Nature "paints" these colours on
these animals

3. Distinctions between moths and butterflies.

ODTDOOR WORK

Using the cabbage-butterfly as an example—
Notb:

1. The time of its first appearance and the condition
of garden vegetation at the time.

8. The manner of its flight.—its rate, direction,

height; potion of wings; play with mates; manner of
alighting; and position of wings when at rest.

3. Its feeding habits.—(o) what flowers (and the
colour of them) it frequents; (6) whether it rests while
feeding; (c) how it extends and withdraws its tongue.

4. Its manner of reproduction.— (a) the plants on
which the eggs are deposited (cabbage, turnip, nas-

turtium); (b) how the female quickl}' lays an egg;
(c) whether she lays more than one egg at.the same place;

(d) the size, shape, colour, and markings of the egg;
(e) its development into a larva or caterpillar (the

cabbage-worm) and how this eats the leaves and grows;

(/) its change into a chrysalis (to be found under window-
sills, fence rails, etc.)

; (g) its emergence as a butterfly.

B. Its dangers and enemies.— (o) the battered condi-

tion of the wings of old specimens; (6) the appearance of

parasites hatched from larvas kept in terraria or glass jars

;

(c) whether birds chase and eat it.

Collect specimens of butterflies, larvs, or cocoons for

putting in class-room vivaria or for morphological studies

in class. See the list given for the Autumn Work of the

Second Year.
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References;

Introduction to Zoology. Davenport
Studies in Zoology. Merrill

LABORATOBY 8TUDIB8—LIVINO ANIMALS
Using a glass jar or vivarium provided with a moist

cover for the animals—
Note:

1. Whether they can climb up glass.

8. Their manner of walking.

3. Their ability to turn themselves over if they arethrown on their backs.
'

.n,.n
'^^^" j^^""'"^'^ toward food such as a dead fly,smaU piece of meat, or a worm.

^

I.ABOHAT0BT STUDIES—MOBPHOLOOICAI,

hardn^t ttZZl '''''' ''"'' ^'°^'*'''"«' -'-'' ""^

JcoZrX^~' "' ''' ^^ ''^ ""' '-^).

.;h
'

^kT*
^^^ '*^''°*' """^ '^'"P''^ the dorsai (upper)

orl t r:'""
^'"'"^ --K^dtothescgm nEn

Zrt .,

P^*" *»'--«"=- -hat directive do thesegments allow for movements ?

4. Note the head.-(fl) its colour, shape, comparative
8.^e, movability on the neck; (6) the m^ h parrthedu^faon o their movement, evident strength andTu^^oL

11 . «
"" (^«'>-'')-«it"ation, comparative lenS'

3^ T'
»°^'"'«'*y5 W the eyes-ltheir locatSnnumber, and whether single or compound.

5. Note the leg8.-theirnmnber, similarity or diversity
place of attachment, number of segments, r^ge o movt'ment, presence or absence of claws or hairi.
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OENEIUL DISCUSSIONS

1. Distinction between centipedes and millipedes
2. Difference between an insect larva, for example, a

so-called wire-worm (the larva of a click-beetle) and a
centipede

3. (a) How the animal's shape, colour, hardness, etc.,

suit its environment; (b) its enemies, its dangers and
means of protection; (c) its manner of breatJiing

4. Its relationship to the so-called centipede (scorpion)
of tropical countries.

OUTDOOB WOEK
I

1. The collection of specimens for putting in school

vivaria or preserving. Specimens for collections will need
to be kept in liquid preservative in vials or tubes, or glued
to a piece of stiff paper and mounted on an insect pin.

2. (a) Observation of their habitat—under boards,
stones, or rubbish

; (6) their presence and prevalence under
ground as seen when digging gardens; (c) the dryness or

dampness of the surroundings; (d) the other animals
found in the same places.

3. Note the difficulties of capturing them.—(a) their

manner of escape or hiding; (6) their attempts to bite

(our small centipede, Lithobius, can hardly puncture the

skin)
; (c) length of time required to kill them in cyanide

bottle as compared with insects.

4. Observe their food and feeding habits.—how they

capture insects or worms and eat them.

_ , SPIDEB
Beftrtnees:

Modem Nature Study. Silcox and Stevenson

First Lessons in Zoology. Kellogg
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Introduction to Zoology. Davenport
Studies in Zoology. Merrill

LABORATORY STUDIES—LIVING ANIMAL8
With specimens under a tumbler, in a clean, dry bottle

or in a vivarium— '

Note :

1. Whether they can crawl up glass.

8. How they walk.

3. Their treatment of an offered fly.

4. Wliether they eat sugar.

6. The length of time they live without feeding.
6.- The amount of distress or inconvenience apparent

from the loss of a leg.

7. The hatching of the young spiders from the egg sacs
or cocoons—and their cannibalistic behaviour.

8. With a specimen isolated qn an upright stick and
surrounded by water, observe how it builds its web and
escapes.—Hodge, Nature Study and Life. p. 419.

LABORATOHT 8TCD1ES—MOHPHOLOOICAL
1. Note the two distinct regions of the body.—the

cephalothorax (head-thorax) and the abdomen; their
shapes,' colours, hairiness, and comparative sizes; also the
size of the connecting part.

a. Note the legs.-their number, place of attachment,
position m death, numl,er of joints, hairiness.

3. Note the mouth parts (the mandibles and maxilla
with palps).-theiT position, size, directions of movement
apparent uses.

'

4 Note the eyes (single eyes-o^W) .-their number,
situation, arrangement, and apparent field of vision.
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5. Note the spinning apparatus.—its situation and

general structure.

studies with the micboscofe

Examine :

1. The hooked end of a leg.

2. The spinning apparatus, which may be sliced off a

preserved specimen for this purpose.

3. The structure of one strand of a web.

OENEBAL DISCUSSIONS

1. Comparison of Btr^cture of insect and spider

2. Economic uses of spiders.—food of birds, destroyers

of harmful insects, silk producers

3. The relationship of harvestmen (Daddy-long-legs)

with the true spiders

4. The occurrence of the allied mites and ticks.

—

leaf-gall-mites, water-mites, itch-mites, cheese-mites, cattle-

ticks, etc.

5. The misunderstandings about the poisonous char-

acter of spider bites and the danger of the tarantula.

«UTDO0B WOBK

1. Collect specimens for putting in school vivaria or for

preservation in liquid preservative in vials—(they cannot

be mounted on pins like insects)

.

2. Collect idso some of the tough little egg sacs to be

found under window-sills, etc., and keep in jars or bottles,

to see the little spiders hatch during the winter or spring.

3. Note.—(o) the location and building of webs;

(6) the position taken by the watching spider; (c) manner

of securing and entangling prey; (d) behaviour when
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molested or the web disturbed; («) actions when flies or
other spiders are put in webs.

4 Note the structure of webs.-(o) the cobwebs ol
the house-spiders (line weavers) to be found in houses
and sheds; (6) the orb webs of the garden-spiders (orb
weavers) to be found in doorways, lattices, etc.; (c) the
tube webs of the field- or grass-spiders (tube weavers)
found m the grass, corners of fences, etc.

6. Count the number of webs of the grass- or field-
spiders on the lawn early in the morning when the dew
marks them out. Note whether these webs continue more
or less permanently.

6. Compare the spider webs with the webs of insects
for example, tent caterpillars and fall web worm.

7. Observe how prey is secured by the jumping spiders
(on logs, barks, etc.) and running spiders (under stones
and rubbish), which do not spin webs.

8. Watch for the ballooning of gossamer, or flying,
spiders. ' "

9. Watch how they get up to ceilings or let themselves
down from heights.

10. Account for the occurrence of spiders with legs
missing or shorter than the other legs.

BEE
References:

Text: First Lessor in Zoology. Kellogg
Manual

: Studies in Zoology. Merrill

In a locality where the production of honey is an im-
portant industry or where conditions warrant a larger in-
terest in the matter, the study of the honey-bee would be
very properly selected as one of the insect studies.
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LADOBATORY WOIIK—LIVING ANIMALS

For this work an obiervation bet-hivt will be needed.
There are different models of these hives on the market.
In Hodge's Nature Study and Life. Chap. XIV, different
models are described and their use and care explained.
It may be possible to arrange with a local apiarist to put
one in the school for a season and to look after it. Single-
frame hives are best; in them one can have every bee, in-

cluding the queen, under observation, and if it is set up
with a queen cell at the beginning of the season, practically

all phases of the bee's life history and activities may be
seen. Such a hive will ijrobably require to have its bees

put back into a larger hive for the winter. It may be
attached to a window-sill in the school-room, preferably

where it will not be disturbed too much or have the sun
shining on it.

These hives may be secured from The A. I. Root Co.,

Medina, Ohio (E. Grainger & Co., Deer Park, Toronto,
Canadian agents), or F. W. Krouse, Esq., Guelph. The
price will depend on the style of the hive and whether bees

and queen are required. A hive complete with super,

frame of bees, and queen cell will cost about five or six

dollars.

1. Le'jn to recognize the different kinds of

queen, drone, and workers. Compare them as to size,

shape, activities, and functions.

2. Note the work done '.r- the different classes of work-
ers—guarding, fanning, feeding the grubs, gathering

honey, attending the queen, etc.

3. Observe the life history—the queen laying eggs; the

growth of the larvae; the emerging of young bees, etc.
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LABORATORY STUDIES—HOHPIIOlOOICAl *

The pupiti having freihly UlUd specimens before them
and keeping the structure of the grasshopper in mind for
frequent comparisons, proceed as outlined for the cabbage-
butterfly.

Study :

1. The general form, divisions, ete., of the whole
animal.

2. The head and its appendages, noting especially the
simple eyes, the mouth parts adapted for biting as well as
sucking, the antenne with their characteristic joint.

3. The wings—noting their differences from the grass-
hopper's and butterfly's.

4. The legs—noting the flattened pollen baskets on one
pair of them.

6. The abdomen—noting the sting that may be made
to protrude by pressure and may then be pulled out.

STUDIES WITH THE MICB08C0PE

EXAUINE WITH THE LOW POWER

:

1. The mouth parts of a honey-bee.

2. The sting: of a worker bee drawn from a freshly
killed specimen.

GENERAL DISCUSSIONS

1. The extent of the honey-producing industry in
Ontario; the suitability of our climate and vegetation (See
the Annual Reports of the Ontario Beekeepers' Association,
which may be procured from the Department of Aerieul-
ture, Toronto.)

2. The extent of the use of bees to the fruit grower
3. The kinds of honey sold in the shops; prices, etc.
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4. The different varietien of beet and the hiitorv of
their origin (See HiKige-g Nature Study and Lift.)

8. Whether it is imtinct or intelligence that explains
the wonders of their work and co-operation.

Notb: OUTDOOB WOBK

1. The time of the first appearance of bees in spring.
2. The flowers they visit.—whether they visit (a) early

spring flowers, such as crocus, tulip, dandelion, or willows;
(6) fruit-producing blossoms, such as apples, curranto,
strawberries, grapes; (c) flowers of shade trees or orna-
mental shrubs, such as maples, horse-chestnut, flowering
currant, and lilac; (d) flowers of vegetables, such as
garden peas, beans; («) flowers of field crops, such as
clovers, peas, buckwheat, flax; (/) flowers of weeds, such
as blueweed, thistles, and mustard.

3. Their manner of feeding.—(a) how they work at a
flower to get the nectar or pollen ; (6) how they « load-up "
with the pollen

; (e) whether they visit all nearby flowers
of like and unlike kind; (d) whether they seem to prefer
any particular colour of flower; (e) whether they interfere
in any waj with other bees; (/) whether they enter houses
to secure food.

4. Their enemies.—whether birds molest them (the
king-bird is sometimes called the bee-bird).

Kotb: OBSERTIirO THE WILD BEBa

1. Early in the spring, the large queen bumble-bees,
which have survived the winter, flying clumsily about,
seeking quarters to establish a colony.

2. In the summer, the circular patches cut out of rose
leaves, etc., by the leaf-cutting bees.
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OOLOBADO POTATO BEETLE

LABOBATOKY WORK—HVINO ANIMALS

With specimens in glass jars or terraria—
Notk:

1. Their manner of walking and (liml)ing. Can they
climb up glass ?

8. Their life history. This may be observed if eggs are
brought in and the larvre fed regularly; notice the manner
of feeding, moulting, etc.

3. Their powers of rcpro<lui"tion. Count the nuralwr of
eggs laid by one female alone.

LABOBATOBT WORK—MOBPHOUKIICAL
Keeping in mind the grasshopper or other type studied

as a basis of comparison, proceed as outlined for the
cabbage-hutterfly.

Note particularly the things that characterize it as a
beetle.—(a) the elytra (shield wings); (6) the mouth
parts adapted for biting and chewing; (e) tne movable
prothorax, and (d) the complete metamorphosis.

DISCUSSIONS

1. The use of Paris green in controlling the pest; what
Paris green is composed of, its manufacture and cost; best
methods of application

2. The history of the introduction of the pest-
recollections of old setUers regarding it; localities still free
from it; its cost to the country.

Uote: outdoor work

1. The date of its first appearance; whether it has any
relationship to the time of potato planting; whether living
beetles are uncovered in spring working of gardens.
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«Li?'mT '^l!*t
««••»-(«) how iU o«ter wing.

(e) how It adjuitt iti wingi on alighting.

theLtor^'HT*"*
"'' ^*^'"« h.bit..-(a) whether

!^« / WK u"™^''
'""'''"«'• "^ 'tt^Ament of theegg., (c) the hatching of the egg. into Urv,, their growth

Tf) ir^Sr"; ^t^
'""' "• '^* •»* the f^age;

(«) the effect, of Pari, green application.; (/) To

HOUSE-PLY
neferenee:

Studitt in Zoology. Merrill

I.ABOBATOBT STDWBS—tlTINO SFBOnfEKS

1. With rome attractive food on one*, hand or flnmr
.tudy the fl/g manner of feeding.

'

^_^2.
Note it. manner of flying, walking, crawling on the

3. With different .ubrtance.. for example, sweetened
water, milk. meat. wit. and sand. Bet in diAe. in different
parts of the room, determine which i. most attractive or
which i. preferred.

4. With a piece of meat or mme horre manure (kept
from drying out) put into a vivarium together with a
definite number of flies, watch the development and deter-
mine m some measure the rate of increaw of this pe.t.
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LABOIATOBY STUDIES—MORPHOLOOIOAL

Proceed u with the butterfly and other iniecti, noting
p.rticnl,rly.-(a) the number of wings; (6) the itructuro
of the feet; (c) the structure of the mouth |,.irt,; (d) iU
hairinew; («) the size of the eyee.

wudiks with thb micro; ldi e

Examinb:

1. The detached mouth parta.

2. The fly's foot.

3. Its wings.

OENEBAL DISCDSSIONg

1. The justification for its being called the deadliest
animal m the world. How typhoid fever u spread by it

8. Its toll of death in the South African War. Com-
parison with the Russo-Japanese War.

3. Best means of combating the pest.

Note:
OUTOOOB WORK

1. How the approach of the autumn affects the pre-
valence of flies.

2. How the attacks of a fungus parasite kill them off in
the autumn.

3. Where are surviving flics to be found in winter?
4. At what time are they first noticed in numbers in

the spring?

6. Does the proximity to horse stables or manure piles
seem to affect their numbers?

6. jEstimate the number that may be produced from a
little pile of horse dung.



08 BIOLObY—FIEST YEAB

7. What kinds of odours or foods seem to attract them
most?

8. In what kinds of shops are they seen most fre-
quently ?

9. Learn to distinguish other common flies, such as the
stable fly, the horsefly, the blue-bottle fly.

10. Observe how some of their natural enemies capture
them, for example, the common garden toad, swallows, etc

D t BU08

Uodem Nature Study. Silcox and Stevenson
Studies in Zoology. Merrill

LABORATOBT STUDIES

—

LIVINO ANIMALS
On a house plant, twig of fruit tree, or cabbage leaf

infested with plant-lice (aphids)—
1. Count the number of insects feeding on one ^caf.

2. Note the effect of treating the foliage with an in-

fusion of tobacco leaves or soap-suds.

3. Observe the emergence of winged forms from the
larva, the presence of the larval skins, etc.

LABOBATOfty STUDIES—KOHPHOLOOICAL

Using any of the common forms mentioned below, for
example, the squash-bug, proceed as in other insect studies,

noting particularly—
1. The suctorial mouth.

2. The wing structure and arrangement.

STUDIES WITH THE MICB08C0FE

Examine a plant-louse (aphid), with the low power,
noting the eyes, antennae, honey tubes, etc.
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OKNERAL DISCUSSIONS

The wide prevalence of plant-lice on plants, the damage
they do, and the remedies to apply.

ODTDOOB WOBK
Learn to recognize some of the common insects of this

class, such as the following:

1. (a) The many different plants infested by plant-
lice or aphids; (6) their manner of feeding and the effects
on leaves; (c) the occurrence of "honey-dew" and ants
on some of the plants infested by the aphids-aUo their
enemies, the larvae of lady-bird beetles.

2. The water-bugs.—the giant water-bug (the large
KMjalled electric light bug) flying about electric street
lamps m the spring or summer, and the water-boatman
and back swimmers in ponds and quiet pools.

3. The water striders.-(o) how they walk on top of
the water; (6) the depressions in the surface of the water
made by their feet; (c) the shadows and colour effects
made on the bottom of the stream by these depressions.

4. The Cicada.—learn to recognize its shriU triU among
the trees during the hot days of July and August- if
possible, observe how this noise is made by a series of
cymbal-like plates.

6. Other important insects of this class.—the bed-bug
mfesting houses; the stink bug on berries; the sqnash-bug
on squash vines; the lice infesting man or domestic ani-
mals; the leaf-hoppers in the grass or among shrubbery
the scale insects, such as oyster-shell bark louse and San
Josi scale.
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DEAOON-PLT
Seferences:

Insect Stories. Kellogg

Studies in Zoology. Merrill

LABOHATOHT STUDY—IJVINO ANIMALS
Gather some of the dragon-fly nymphs from the bottom
a pond or roadside ditch in the early spring and placethem in the school aquarium. Feed them well on mosquito

wrigglers, tadpoles, etc.

in ^ete

'"^'^"^ ^^^"^ °'"*°*'" °^ '""""^'^S' '^'•king, fight-

2. Notice how they seize their food.

3 Note the changes in the sizes of the growing nymph
and try to find one moulting.

^

4. Provide sticks on which they may crawl to the top of
the water; cover the aquarium with netting, and try to see
the insect emerge from the nj-mph state into that of the
fully developed dragon-fly.

LABORATORY STUDY—MORPHOLOOICAL
Examine killed nymphs and notice the peculiar pro-

ject.hlQ under lip; also the appearance of the developiuK
wmgs. ' °

Study the dragon-fly as the other insects were studied
comparatively and systematically, noting particularly:

1. (a) Thegreatstrengthof thorax and wings; (6) the
movability of the head; (c) the mouth parts specially
adapted for securing and crushing mosquitoes; Id) the
large eyes

; (e) the netting of the wings.
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STruiES WITH THE MICROSCOPE
Examine :

1. A piece of one of the compound eyes.

8. One of the wingsi

GENERAL DISCUSSION

The dangers reputed to pertain to these "Devil'sDammg Needles ".

OUTDOOB WORK
1. During what months are they found flying? Atwhat times during the day are they most active ?
2. Are they ever to be seen far from bodies of water?
3 Study their wonderful flight.-(a) their speed;

(6) their power of suddenly rising, dropping, zigzagging
backing, or standing apparently motionless in the air
{c) Can you hear any noise made by their wings ? (d) Can

rrs"Jp'^r/?A''T
""'"^

<"> ^"^ ''"'J '"«'™ do they
rest?

(/) Are there any signs of play in their flying?
(?) Notice their pausing and dipping the tip of theabdomen into the water; this is an egg-laying act

4. Is there justification for calling them the "hawks"among the insects? What do they feed on ? Do they ever
try to take any fair-sized insects ?

5. Note whether any birds prey upon them.

COLLECTINO AND MOUNTING INSECTS
Reference:

n/^T ^"Hl"^
^"^ ''''^'""'-Agricultural BulletinNo. 8 (rev^ edition of Bulletin m), Department ofWducation, Toronto. Free.
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Ii|

In order to leeaen the expense to the pupil of the
mmtenalg required for making a coUecting outfit, wholesale
supplies might be kept on hand at the school and sold at
cost. If a class committee can he appointed to buy and
distribute the material, the teacher wiU be spared a great
deal of trouble. For each pupil there will be required:
one wide-mouthed bottle (a quinine bottle suits well) for a
killmg bottle; thirty inches of strong coppered spring
wire, one three-foot basswood stick, half a yard of mosquito
nettmg, some stove-pipe wire and a few window-blind
staples for an insect net ; fifty insect pins, sizes, 3, 4, and 5

;

a small cork-lined insect box. The whole outfit should not
cost more than seventy-five cents, the school supplying
cyanide and plaster of Paris free.

The most expensive item is the cork-lined insect box.
A cigar box may be made to answer for a commencement.
It is advisable to get cork lining, but corrugated cardboard
used for packing bottles will answer fairly well.

Basswood window dowels make good handles for tike
nets.

The value of an insect collection is not to be measured
by its size. A small collection, carefully and neatly pre-
pared, pinned and labelled, is much to be preferred to a
much larger collection that is marked by carelessness and
untidiness. Each insect in a collection should represent a
clear, if slight, advance in a knowledge of nature; thig
wili find expression in a label showing when and where the
capture was made. Unlabelled hodge-podges of collections

should be discouraged. It is desirable, for the sake of the
training in neatness, to insist on the use of proper insect

pins.

Pupils showing a special aptitude for the work of
collecting should be encouraged to follow up the study of
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Mme special class of insects along with their general
collecting. They should be directed, too, to make the
acquaintance of ot*er collectors through The Entomo-
logical Society of Ontario or some of its branches.

R^erence: "™*
First Coune in Biology. Bailey and Coleman

LABOBATORY OMBSVATIOS—UVINO ANIMALS
With a canary or other caged bird that may be loaned to

the school by a pupil

Note;

1. The general shape and divisions of tiie body.
2. The general arrangenient of the feathers.
3. The structure of die biH, leg, foot, aad toes.
4. The muiner of eating, drinking, bathing, preening

singing or chirping, and sleeping.

5. The manner of roosting, hopping, *ying. or balan-
cing on the pereh.

Using a pigeon or sparrow set free in the schooUroom—
Note:

1. The manner of flight.-(a) how it commenced;
(*) how far and in what direction the wings are extended

;

(c) the directions of their movements; (d) the position of
the legs and feet in flight; (e) the manner of turning and
alighting. ^*

LABOnATOHY STUDIES—MOBPHOLOOICAL
Using a mounted bird, a bird skin, or a freshly killed

sparrow, pigeon, or fowl, locate and name the different
regions or areas recognized in the description of the
topography of a bird—
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1. Along the middle line of the body.—iiK, forehead,
erown. nape, back. rump. tail, belly, breast, throat, and chin.

2. The legs.

—

tibia, tarsus, toes.

3. The feather areas.—contour feathers, making the
general covering; tail feathers, upper tail coverts, under
tail coverts; wing feathers, comprising pnmaries, sec-
ondaries, and tertials, upper wing coverts, and under wing
coverts.

DisensB the differences in the character of the feathersm these different areas and the special purposes served by
them.

THE LEOAL ASPflCT OP BIRD STTDIES

Write to E. Tinsley, Esq., Superintendent of the
Ontario Game and Fisheries Department, Parliament
Buildings, Toronto, for copies of the booklet, entitled
Ontario Game and Fishery Laws. 1908. With these in the
hands of the pupils, discuss the provisions of the Act for
the Protection of Insectivorous and other Birds, p. 63.
Retain the copies for subsequent classes, but keep one copy
on the bulletin board for reference.

COKPABISON OF THE BILLS, WINGS, LEGS, AND FEET OF
DIFFERENT TYPES OP BIRDS

1. Direct the pupils to make observations on these
structural features of hens, ducks, pigeons, parrots, and
canaries, or such common wild birds as gulls, herons,
hawks, owls, killdeer, woodpeckers, humming-birds, etc.

2. Discuss the observed similarities or differences and
their adaptations to their special uses or functions.

3. With the pupils' knowledge acquired by personal
observation as a basis, use mounted specimens, charts, or
lantern slides to extend their k-nowledge. -
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Mounted collections of these parts of birds suitable for
class use may Ite made by tacking the dried and extended
wmgs, feet, or bills on boards. Being well dried, they will
prove serviceable for years.

SKELETAL CHABACTEH8 OF BIROS
Referenct:

First Course in Biology. Bailey and Coleman

From the knowledge already in possession of the pufil
regarding the external form of a bird, some deductions may
be made regarding the probable internal skeletal structures,
for example, the vertebral structure of the movable neck,
and the connection of the bones of the wings and those of
the legs with an internal framework. These facts may be
deduced as an introduction to the examination of a
skeleton.

Using a prepared mounted skeleton
Notb;

(o) The bony character of the skeleton with the ex-
ception of bill and nails; (6) the vertebral axis extending
from the head to the tail with distinct regions marked by
differently shaped vertebrse; (c) the strong breast-bone
and its connection with the vertebral axis; (d) the manner
in which the wings and legs are swung to the rest of the
skeleton; (e) the likeness of a wing to an arm.

Based on these observations, discuss the suitability of
the structure to the purposes of the living animal.— (o) its

being almost entirely bone; (i) its having movable
vertebrae in the neck and tail; (c) its having united
vertebrae in the synsacrum; (d) the possession of a strong
keel on the breast-bone; (e) the necessity for strong
supports for the wing and leg attachments, etc.
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With more or lest leparated bontt brought from homt
or picked up on field excurriotu—

Identify the part of the skeleton to which they belong

and get their names.

Add some of these bones, correctly labelled, to the

school's museum collectioiifi, for example, the skulls, breast-

bones, merry-thoughts, thi>.!) 'x)nes, etc., of the common
domesticated fowl.

„ J RATHEBS
Seference:

First Course in Biology. Bailey and Coleman

Using samples of tail, iaiug, and the ordinary contour

feathers {these supplied to the pupils or preferably brougM
to class by them)—
Note:

1. The general form, substance, weight, and colour-

ings.

2. The divisions.

—

quUl, vane, rachis, after-shaft, and
barbs.

3. The close attachment of the barbs or their loose

binding in the different kinds of feathers.

Using a fowl prepared for market—
Note:

1. The areas that are free of feather bearing.

2. The presence of the small hair-like feathers {filo-

plumes).

3. Wliether tlie quills go through tile skin into the

flesh beneath.

4. The oeeiirraice of developing feathers (pin feathers)

on ycMBg fowl.
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BTCDIK8 WITH THE IIIOBOSCOFB

EZAICINI:

1. A few disturbed barbs of a feather to show how they
are interlocked.

8. A barb taken from an ostrich plume or a down
feather.

GENERAL DISCUSSIONS

1. The suitability of feathers to the special needs of

birds

2. Their use in couiforters, " feather-bone ", etc.

3. The "plucking" of geese and the value of goose
feathers

4. The kinds of feathers used in millinery

5. The proper uses of feathers in hat decoration

6. The Audubon Societies and their work.

COLLECTION OF FEATHERS

Characteristic feathers of fowl or wild birds may often
be picked up. These may be used for testing the pupil's
ability to recognize the birds by odd feathers; they may be
used, too, for collections, by fastening them to cardboard
or into a portfolio.

D . EGOS
aeftr$nce;

Manual of Zoology. Parker and Haswell

Dsing perfectly fresh hens' eggs, note:

1. The Aape, colour, and appearance of the surface of
the shell.

2. Its buoyancy and axis of floating in a glass of water.
3. The size of the air space found at the larger end

when the shell is removed therefrom.
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}

Breaking away tome of the shell, note:

The colour and toughness of the underlying ikell-
membrane.

Emptying the content) of the shell into a basin of water,
note:

1. The colour and consistency of the white {albumen),
tough, rope-like strands in it; the ease or difficulty of
separating the white from the yolk, using forceps.

2. The inclosure of the yolk in a membrane and the
presence of a white spot (germinal disc) on it.

Using a very hard-boiled fresh egg, note:

The layered nature of the albumen and the presence
of a core in the yolk that does not harden.

DISCUSSIONS

1. The functions of the different parts of an egg
2. The number of eggs laid by different birds
3. The preservation of eggs (O.A.C. Bulletin) for

household uses

4. Methods of testing eggs in the trade
5. The extent of the egg industry.

EXPERIMENTS

1. To find out how muoh weight is lost in a week by
evaporation from a dozen eggs kept under ordinary house-
hold conditions.

2. To compare this with the evaporation from a dozen
kept in cold storage, wrapped in paraffined paper, or
immersed in water-glass pickle.

3. To find the effect of this evaporation on the size of
the air space in the egg and the consequent change in
buoyancy.



ZOOLOOT n

COLLECTIONg OF BIRDS' EOOg

While a collection of birds' eggs might serve a useful

purpose lii connoi tion with school bird studies, great care

must be taken not to encourage wholesale egg-coUectiug
by the pupils. The law should be carefully observed in

the matter. Let any school collection that is made grow
slowly and through legitimate and judicious collecting by
some of the older boys or by the teacher.

A collection of typical egg» laid by different breeds of

chickens and other domesticated fowl would prove of value

and interest in country schools.

For instructions on preparing egg-shells for collections

see Bird Life, Chapman, p. 29.

VISCEBA OF A BIBD

As the Course of Study in general lacks in a physio-

logical application, this topic will be of value in directing

some attention to such a consideration ; so far, at least, as
making a practical acquaintance with the vital organs of
the body. It may prove worthy of consideration, too, in
localities where Mere are home interests in poultry keep-
ing, or where boys or girls help in preparing fowl for the
home table or for the market.

The work may be covered by directing the pupils to
study the subject at home, putting such a book as Bailey
and Coleman's First Course in Biology or Colton's
Descriptive Zoology into their hands as a guide. If the
school is provided with a mounted dissection, such as
furnished by Ward or Kny-Scheerer, the subject may be
readily covered by the class.
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Using a freshly killed and healthy hen or pigeon—
1. Open the bird's mouth and insert a jjlass tube or

blow-pipe through the glottis into the windpipe. Blow
through this to show the large expansion resulting from
filling all the air chambers in the visceral cavity.

2. With the bird lying on its back on a sheet of heavy

paper, cut through the ventral body wall carefully with

scissors and observe the expanded air chambers mentioned

above.

3. Remove the flesh of the ventral body wall and with

strong scissors cut out the breast-bone as well, so as to

expose the entire visceral «avity. Note the organs as they

lie naturally, and make a drawing.

4. Respiratory organs.—Trace the windpipe (trachea)

through its branches (bronchi) into the two lungs.

5. Digestive organs.—Trace the alimentary (food)

canal from the gullet through the crop, stomach, gizzard,

small intestine, large intestine, caeca, and cloaca. Notice

the liver, spleen, and pancreas.

6. Reproductive organs.—Note the left ovary, the

oviduct, and its connection with the cloaca.

7. Excretory organs.—Note the size and position of the

two kidneys.

8. Circulatory organs.—Note the location and size of

the heart and the arteries leading from it.

9. Note the membrane lining the body cavity and hold-

ing together the folds of the intestine (peritoneum).

GENERAL DISCUSSIONS

1. The functions performed by the different organs

8. The structure of the gizzard and its manner of

working

3. Comparison with organs in the human body.



ZOOLOOT 81

LABOBATOBY STUDIES—BIBD BECOOXITION

To introduce pupils to a few common birtln, so that their

interest may be aroused and their field work made effective.

Using tlie school collection of birds' skins, .lote the
size, colourings, bills, and feet of such I)ird8 as pupils

may still see in tlie neighbourhood during the autumn or

winter, for example, houac-s|)arn)w, junoo, goldfinch,

snowbird, and redpoll, representing tlie finches and
sparrows; tlie meadow-lark and cowbird, representing the

orioles and blackbirds; the flicker, downy woodpecker, and
hairy woodpecker, representing the woodpeckers, etc.

Arrange to have the skins accessible for further in-

dependent study or observation. A class committee might
take charge of them. In subsequent lessons, test the
pupils ability to recognize the birds, by giving them short,

pithy, practical examinations or quizzes. At the com-
mencement of the spring migrations, continue this exercise
with other skins.

Have the pupils commence the keeping of independent
records of their observations. Walter's Wild Birds in City
Parks offers good suggestions in this connection,

LIST OF ONE HUNDBED OF THE COMMONER
BIBDS OF ONTABIO

This list of birds is inserted as a directive suggestion
of the attainment in bird recognition that might reason-

ably be reached. Pupils should be encouraged to use
either Walter's Wild Birds in City Parks or Reed's Bird
Guide, Part II, for a field guide; a committee of the class

might arrange for their purchase at a reduced clubbing
rate.
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The dates given in the list have been compiled from

Nash's Check List of the Birds of Ontario and the migra-

tion reports made by the Wellington Field Naturalists'

Club in the years 1901 and 1905. They are not to be

considered in any sense as fixed times, hut merely as

suggestions for directing timely observations. In our

variable seasons and wide separations in latitudes, there

are reasons for great differences in the times of bird

migrations.

The birds are listed, so as to allow teachers to keep

records for themselves in this Manual.

Water, Marsh, and Shore Birds

Homed Grebe Occasional resident

Pied-billed Grebe April-October

ZiOon Occasional resident

American- Herring Gull Resident

American Merganser Resident

Red-breasted Merganser Resident

Mallard Scarce resident

Black Duck Scarce resident

Blue-winged Teal Scarce resident

Canada Goose Migrant

American Bittern April-October

Great Blue Heron April-September

American Coot

Spotted Sandpiper May-September

Killdeer March-Ojtober

Grouse and Partridge

Quail (Bob White) Resident

Ru£Fed Grouse Resident

Pigeons

Mourning Dove .Occasional resident

Sawlcs

Bed-tailed Hawk March-Xovember

Bod8^'>1;lde^ed Hawk Mar'*h-October
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Marsh Hawk Mnri-hOctobor
Sharp-shinned Hawk ^pril September
Cooper's Hawk March-
Sparrow Hawk March-September

Owli

Great Homed Owl Resident
Saw Whet Owl Occasional resident
Screech Owl Occasional resident

Ciickoo) and Kingfiahera

Black-billed Cuckoo Ma3-Ueptcmber
Belted Kingfisher April-October

Woodpeclccra

Flicker (High Holer) April-October
Yellow-bellied Sapsucker April-Septeraber
Bed-headed Woodpecker May-September
Downy Woodpecker Resident
Hairy Woodpecker Resident

Goat-auckers, Swifta, and Jlumming-hirda
Whip-poor-will May-October
Night Hawk May-September
Chimney Swift May-August
Ruby-throated Humming-bird May-September

Flycatchera

^^oebe April-October

'^'"K"''''''! May-August
Crested Flyca, May-August
Wood Pewee May-September
Least Flycatcher May-August

The LarJca

Prairie Horned Lark February-November

The Crowa and Jaya

B'"e Jay Resident
C™" Resident

Oriolea and Blackbirda

Bronzed Grackle March-October
Meadow-lark March-October
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;.(;

Bed-winged Blackbird March-October
Cowbird April-October

Bobolink May-Auguat
Baltimore Oriole May-Auguat

Finches and Sparrowa

Purple Finch Beaident
Jnn™ Resident
American Goldiinch Beaident
House Sparrow Resident

Song Sparrow March-October
Vesper Sparrow April-October

Savannah Sparrow ; April-October

White-throated Sparrow April-October

Field Sparrow
, April-October

Chipping Sparrow '.

April-September

Swamp Sparrow April-November

Towhee April-October

Bed-breasted Grosbeak May-August
Indigo Bunting May-August
Scarlet Tanagcr .May-August
Fox Sparrow Migrant

White Crowned Sparrow Migrant

Tree Sparrow Winter visitor

Snowbird Winter visitor

Pine Siskin .Winter visitor

Redpoll Winter visitor

Swallows

Bam Swallow Apr?l-September

Tree Swallow April-September

Purple Martin April-September

Clifif Swallow May-August

Bank Swallow May-September

The Waxwinga

Cedar Waxwing Occasional resident

Bohemian Waxwing .Winter visitor

The Shrikea

Northern Shrike Winter visitor

Migrant Shrike (Butcher Bird) .April-August
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The rtreot

BeJ-eyed Vireo May-September
Warbling Vireo May September

Kinglets

Oolden-cronned Kinglet Migrant
Ruby-crowned Kinglet Migrant

The Warblert

Black and White Warbler May-September
Yellow Warbler May-August
Chestnut-Bided Warbler May-September
Black-throated Green Warbler May-October
Oven Bird May-September
Water Thrush May-September
Maryland Yellow-throat May-September
Canadian Warbler May-August
American Redstart May-September
Blackbumian Warbler May-September

Wrens and Thrashers

Catbird J^pril-October

Brown Thrasher April-October
House-wren May-October

Thrushes

Wilson's Thrush (Veery) May-August
Hermit Thrush May-August
Robin March-November
Bluebird March-October

WALL CHART SHOWING BIIID MI0HATI0N8

A chart, made by the pupils themselves and showing
the times of arrival and departure of a few well-known

common birds, will stimulate observation and arouse in-

terest. If it is ruled so as to allow records to be made for

a number of years, it will be of so much the greater value.

The material used for roller window-blinds answers well,

as it takes a good impression from an India ink crayon
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and wears well ; for the sake of economizing wall space and
protecting the chart it should be fastened to a spring
roller. Care should be taken to have only reliable records
tabulated. The following twenty-five birds are suggested
for the chart. The records will be made chiefly in April
and May, Septcmlwr and October.

Birds First and Last Appearances

1917

Prairie Horned Lark
Killdeer

Bluebird .
.

,

Robin

Song Sparrow

Meadow-Iarlt

Red-winged Blaclibird.

Phoebe

Bronzed Oracltle

Flicker

Kingiisher

Barn Swallow

Chipping Sparrow . . .

.

Chimney Swift

Spotted Sandpiper . .

.

Bobolink

Yellow Warbler

King-bird

House-wren

Catbird

Brown Thrasher

Humming-bird

Wood Pewee

Cedar Wanwing
Night Hawk

1918 1919 1920
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BIRD STUDIKs AT KXKIBITIONS

In a locality where there is a general interest in poultry
raising, a good use may be made of the poultry exhibits at
the Fall Fairs, etc., to develop -»n interest in the study of
domesticated birds. Previous to the fair, a live fowl might
be used in school to teach the names of the parts and
markings, so that any systematic observations made at the
fair may be intelligent and to the jwint. Jf a local poultry
fancier can be secured to give a talk to the pupils on some
of the common breeds, using live birds for illustrations, so
much the better. Such work may lead to the formation of
very wholesome interests and hobbies.

SPBING WORK OF FIRST YEAB

n , MOSQUITO
References;

Nature Study and Life. Hodge
First Lessons in Zoology. Kellogg
Book of Huggeslions to Teachers. Lucas

lABOlUTORY STUDIES—LIVING ANIMALS
Using packages of the eggs or a supply of the larva

placed in glass jars, which are kept covered by mosquito
netting—
Note:

1. The number of eggs in a package and their hatching
into larvas.

8. The shape, size, colour, and divisions of the body.
3. Their locomotion.—how they reach the top of the

water (do they float up?) ; how they get to the bottom of
the water (do they sink down?) ; their position in respect
to the surface of the water; the effect of disturbing the jar
or water.
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i i

LABOUATOHY 8TUDIE8—MOHPHOI.OaiCAL

Uting freshly killed specimens of the insects—
Note-

1. The divisions of the liody, numlier of legs and wings,

the antennie, prcwncu of hairs, the mouth structures.

2. The distinctions between the male and female in

their antenna; and mouth parts.

STUDIES WITH THE MICnOSCOPE

Examine the mouth oarts, antenna.', wings, and eyes,

with the low power; a living larva is also interesting

DISCUSSIONS

1. Malarial and Yellow Fevers

2. The distinction between the malarial-producing

Anopheles and the common Culex (See Nature Study

and Life, Hodge.)

„ OUTDOOn LIFE
Note:

1. Whether active wintering specimens are to be found

in warm houses, cellars, greenhouses, etc.

2. The presence of the wrigglers (larvte) in rain

barrels, swamps, ponds, and puddles in the early spring.

Collect some and keep them in jars of water.

3. (a) The time of year that the mosquitoes become

common; (6) the relation of their abundance or scarcity

to the dampness or dryness of the season; (c) the time of

the cessation of the pest, and its relation to the dry

weather; (d) their comparative abundance in high and low

parts of the town.

4. Their value as a fish food, by putting some of the

larvie into an aquarium where a fish is kept.
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6. The occurrence of little l>oot-»hBpcil pa. k^K™ of cgps

in barrels or paiU of water that may lie cxi^wkI overnight
in places where mosquitoes prevail, or in diuhes of water
aet in terraria supplied with specimens.

6. How the humming noise is produced by the insect.
Do male mosquitoes hum?

r. How tliey "draw blood" from their victims. Do
the males do this?

8. The effect of treating the irritating wound left by
the insect with baking soda or ammonia water.

PBE8HWATEB MUSSEL OB CLAM
References:

First Course in Biology. Bai'ey and Coleman
Studies in Zoology. Merrill

LABORATORT STUDIES—LIVl.VO A.VIMALg

In collecting it is not neccssar/ to carry specimens in
pails of water; it is sufficient to keep them moist and cool
iu damp moss. Clams will live a long time iix . jar of
water, even without any plants growing in it. When a
specimen dies, care should be taken to remove it, as its

decomposition causes a horrible odour.

Using a specimen kept in water in a glass jar or
aquarium that has a few inches of elect sand at the
bottom—
Note:

1. How long, and by what methbd, it takes to get
'right side up" after being deposited on the sand on its
side.

8. How far, and in what position, it buries itself in the
sand and how it manages to do it.
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3. The rate of iU forwniu movement, mcanurcd by the

length of the furrow left Iwliind it or liy marking its posi-

tion* with piccen of paper fastened to the glass.

4. Its liehaviour when distiirlwd.—effect of jarring the

aquarium, stirring the water, touching the fringe of its

valves with a pencil.

5. The water currents entering and leaving the shell

through the valves; these may lie seen by inserting a few

drops of coloured ink near the valves by means of a

pipette, or by having the water in the aquarium so shallow

that the surface is .'ust above the clam (which should be

near the side of the aquarium) and t. a looking through

the glass up under tiie surface.

LABOaATORY STUDIES—MORPHOLOOICAL

Clams are best killed by immersing in boiling water

for a few minutes. If they are to be preserved in alcohol,

a hole should be made in the shell, so that the liquid will

l)e readily admitted.

Using clean, empty shells, a supply of which should be

kepi on hand—
Note:

1. On the outside.—the colour, shape, proportions,

markings, line of dirt deposits, and amount of springiness

in the hinge joining the two valves. How far apart are

the valves kept by the hinge?

2. On the inside.—the colours and markings made by

the mantle and muscle; the presence of rough spots in the

pearly layer—the mother-of-pearl layer.

3. The nature of the substance composing the shell.

Scrape the outside of the shell to see if there is anything
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like horn in it ; in a tcst-tiilH', treat a broken piece of the
shell with II HolutioM of hyilrcH-liloric ueid. What kind of
Huhtitanct' coni|H)8eH the hinge?

iMtj in wilier, in a soiiii phle. a freshly killid spf. nen
from which one viilre hits been larefulUj remoiiil, lilher by
ciiltinij thiouijh the udductor muscles or breakimj it awiiij

piecemeal, and—
Note:

1. The absence of any distinct divisions of the body or
such organs as eye*, feet, feelers, bones.

8. The two large muscles which hold the va' eg
together.

3. The large ploughsharc-slmpcd foot.

4. The mantle with the band of muscle bordering it

and fixing it to the valve.

5. The siphons with their fringes at the i«jstcrior edge
of this.

6. The two gills lying under the mantle, and their
markings. (If one of these is much swollen it will Ijc due
to the presence of young " seed " wliich the female carries
here for a time.)

7. The mouth aliove the forward end of the foot, with
a pair of flap-like palps at the side of it.

8. The heart at the top lietween the two large muscles.

£. The likeness of the structure to a l)ook with the two
valves of the shell making the cover ; the two parts of the
mantle, the gills and the foot constituting the leaves and
body of the book.

10. As a supplementary exercise, identify as far as
possible the corresponding parts of an oyster. Both being
bivalv. : account for the differences in structure.
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DISCUSSTONS

1. The manner of formation, composition, and value of

pearls

2. The so-called pearl buttons and ornaments.—how

they are made; the clam-shell trade of the Mississippi

valley; Ontario factories

3. Oysters and the oyster industry. First Lessons in

Zoology. Kellogg

outdoob wohk
Note:

l". The occurrence of clams in the bottom of rivers or

ponds ; how their appearance accords with the stones ; how

they reveal their presence by the slit between the valves.

a. The closing of their valves when disturbed; how

they may soniUimes be drawn from the water through

their closing on a stick or wire that is gently inserted in

the slit.

3. The occurrence of small piles of empty clam-shells

along the banks, showing evidence of the feeding of musk-

rats ; also open and empty shells lying out in the river or

washed up by the waves on the shores of lakes.

4. The presence of numerous small specimens—^from

the size of a mustard seed to that of a grain of corn—in

the sand or small gravel that is found in the river bottom

below ripples or bars.

COMMON QABDEN SLUG

References:

Modem Nature Study. Silcox and Stevenson

Book of Suggestions to Teachers. Walter, Whitney,

and Lucas

Studies in Zoology. Merrill
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LABORATORT STnDIES—LITINO ANIMALS

Using specimens in a glass jar in which some cool,

moist " cover " is provided for them—
Note:

Their feeding habito.—how they eat freshly provided
cabbage leaves, etc.

Using specimens moving on a sheet of glass or in a
tumbler—
Note:

1. The sliding, undulating movement of the foot
obsprvable when one looks through the glass at the under
side of the animal.

H. The slimy trail left on the glass. Does the animal's
supply of the mucous substance seem to become exhausted
in travelling over dry glass? Is the animal's body
naturally dry or moist?

3. Whether the animal can crawl up or down, accord-
ing as the glass is turned one way or the other.

4. The changes in the shape of its body.—(o) how
long, how flat, or how rounded it becomes; (b) how it

projects or withdraws its tentacles or mouth; (c) the
effects of disturbing it by touching the tentacles with a
pencil.

6. The eyes.—dark spots at the end of the longer pair
of tentacles.

6. The mouth.—to be seen through the glass on the
under side, beneath the tentacles.

7. The respiratory aperture.—its position on the right
side of the body and its opening and closing.

8. The mantle.—the thickened and raised fold on the
upper forward part of the body.
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SUPPLEMENTAB1' LESSONS

If opportunity offers, pupils should be made acquainted

with the common land and pond snails also. The pond

snails will be found in great abundance in the spring, and

can be observed well in glass jars of water. In an

aquarium they are very iiseful in keeping glass sides free

of incrustations. Their eggs can be easily found. The

land snails will be found under damp leaves in the woods.

DISCUSSIONS

1. The trade in edible slugs in France

8. Means of combating garden slugs when they become

a pest to gardeners.

Note:
OUTDOOR STUDIES

1. (a) Their occurrence in the garden under boards or

rubbish; (b) the attitude assumed when disturbed; their

attempts to escape; (c) whether they are to be found

under dry boards or rubbish.

a. Whether they are to be seen moving about during

the day, either when it is dry and sunny, or damp and cool.

Where and how do they winter ?

3. The silvery tracings to be seen on the sidewalks or

ground in the early morning, marking the slimy tracks of

the animal's travels during the night.

4. Whether they are found dimaging vegetables such as

cabbage, lettuce, or tomatoes.

5. Whether birds or toads prey on them.

EAPTHWOBM
References:

First Course in Biology. Bailey and Coleman

Nature Study mid Life. Hodge

Booh of auggettUms to Teachers. Walter, Whitney &

Lucas
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LABOBATORY STUDIES—LIVING ANIMALS

Using large-sized specimens on sheets of moistened
paper or on xtes—
Note:

1. (a) The colour; (6) the length, extended and con-
tracted; (c) the anterior (head) and posterior (tail) ends;
(d) the varying shape of the body along its length.

2. Its locomotion.—(a) the direction, speed, and man-
ner of moving; (6) the effect of touching the moving
animal; (e) whether it can move backward; (d) how it

rights itself if turned over; (e) the feel of the under side

of the animal when drawn over the finger
; (/) whether it

can crawl up glass (see Nature Study and Life, Hodge,
p. 488).

3. Its structure and parts.— (a) the number of
segments making up the body; (6) the position of the
mouth and the shape of the first segment; (c) whether
there are eyes present; (d) the presence of the girdle (a
swollen ring, or belt, on the surface, most prominent in
the spring, and furnishing a substance to protect the eggs)

;

(e) the openings on the under side and the number of the
segment in which they occur; (/) the seta or bristles,

projecting from the sides and bottom of the segments
(visible with lens) ; (g) the hlood vessels on the upper and
lower sides of the animals, their length, and the colour of
the blood.

If the work outlined above is covered, there will be no
need for further studies with killed specimens.

To set up a laboratory observation box for studying
their feeding habits, etc., see Boole of Suggestions to

Teachers, Walter, Whitney & Lucas, p. 27.
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PISCUS8I0NB

1. The rdle played by earthworms in Nature's soil-

making and working. See Darwin's Studies and his
Vegetable Mould and Earthworms.

2. The regeneration of complete worms from the
divided parts of an animal.

ill

jj^ote:
outdoor wobk

1. Whether the robins, returning early in the spring,

are able to secure food supplies o^ earthworms, and how
these birds locate, secure, and manipulate them.

2. Whether the breaking up. of the frost in the ground
affects or controls the appearance of the worms.

3. Whether they are found to be numerous and active

in the ground at the time of gardening operations, and
whether their comparative prevalence or scarcity is related

to the richness of or the kind of soil.

4. Whether they are as numerous later in the season

at the same place ; where supplies for fishing purposes must
be sought in the summer months.

6. Whether, on the approach of winter, they are near
the surface or at some depth in the gardens.

6. Their occurrence at the surface after or during rain

;

how their appearance in rain barrels may be explained.

7. Their appearance (using a lantern) after nightfall

on the surface of a well-watered lawn; the manner and
speed of their disappearance on being disturbed or touched.

8. Their burrowing and burrows.—(o) how a worm
placed on the surface of rather compact soil gets down
into it; (J) how deep these burrows are to be found;

(c) whether ;, irtially uncovered worms disappear back-

ward or "head first"; (d) the force with which they
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resist being pulled out; (e) the effect of pinching their
" heads " when trying to draw them out.

9. The nature of the casts that may be found at the

mouth of their burrows in the mornings.—their amount,
texture, etc.; whether the openings of the burrows are

plugged with anything.

10. The occurrence of drowned worms after rain;

whether worms are to be found ordinarily in water-soaked
or swampy soil.

I18H
References:

Chech List of the Birds of Ontario. Nash
First Course in Zoology. Bailey and Coleman
Book of Suggestions to Teachers, waiter, Whitney &

Lucas

LABORATOBT STUDIES—MTINO ANIMALS

Make the pupils acquainted with the Provincial Fishery
Laws as given in the booklet entitled Ontario Game and
Fishery Laws, 1908, mentioned in the instructions on
birds.

Using small specimens of local fish or goldfish in

aqiu,.ia or temporarily in glass jars supplied with fresh

water—
Note:

, 1. The animal's locomotion.— (o) the directions of

movement, rate, and gracefulness; (6) whether it can
move backward; (c) how it raises, lowers, or turns itself

in the water; (d) whether it ever becomes perfectly

motionless; (e) the motions and sweep of the different

fins; (/) whether the movements of the different fins have
any inter-relationships.
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2. Its respiration.— (a) the motions of its mouth and
the opercula (gill covers) on the sides of the head;
(b) whether these motions are incessant; (c) the direction
of the accompanying water movement, aa may be deter-
mined by small floating particles.

3. Its feeding.—(o) how it takes its food (mosquito
iarv«, fine biscuit crumbs, etc.) into its mouth; (6) how
the mouth and opercula are held while swallowing;
(c) whether water is swallowed with the food.

4. Its development.—it may be possible to secure a few
young fish from some nearby hatchery and keep them for

observation in an aquarium furnished with a continuous

supply of fresh water. (Se* Text-book of Zoology. Parker
and Haswell.)

51

4

tABORATOBT STUDIES—MORFHOLOaiCAI,

Using freshly killed specimens, if such can be secured—
Note :

1. The " feel " of the fish in the hands.

2. The proportions, shape, general colorations, and
markings. How do these suit the animal's needs in loco-

motion, speed, or hiding?

3. The general structure.— (o) the scales, their manner
of overlapping, the number of rows and bare places;

(6) the divisions of the body, head, trunk, tail; (c) the

openings—mouth, nostrils, opercular slits, and two vents

;

(d) the flns—two pairs of paired fins: (1) pectoral

(chest) and (2) pelvic (correspond to legs) ; the median

fins: (1) dorsal (back), (2) caudal (tail), and (3) anal

or ventral (belly).

4. The head.

—

(a) the position, size, and shape of the

mouth; (6) the position, number, and movability of the
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nostrilg; (c) the position, size, shape, colorations, mov-
ability, protection, and toughness of the eye; (d) and
cutting o^ the operculum of one aide—the colour, number,
overlapping, movability, general structure, and attachment
of the gills.

STUDIES WITH THE MICROSCOPE

Examine a scale, with the low power. (See Text-
book of Zoology, Parker and Haswell.)

DISCUSSIONS

1. The position of the fishes in the animal kingdom

2. The location, extent, and value of Canadian fisheries

3. How the appearan(» of the gills is a guide in the

buying o^ fresh fish.

NOTR-
OUTDOOB WOBK AND STUDIES

1. The different species of local fishes. Collect speci-

mens for the school museum. (See Nash's Check Lists.)

2. Their habits.— (a) in what kind of places they are

generally found; (b) how and when they are caught;
(c) what they feed on; (d) their natural enemies, etc.

3. The fish sold in the shops.—(a) the canned fish, the
salt fish, the frozen fish; (6) where they come from;
(c) how and when they are caught and prepared for

market.

4. The modem methods of rearing artificially.

—

(o) the location of hatcheries; (6) the methods of secur-
ing spawn and milt; (c) the care of the young and their

distribution; (d) the causes for the depletion of our fish-

ing grounds ;'(e) location of local reserved fishing grounds
and the plans used for insuring sport.
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SKELETON OF A FISH

In addition to the general structure to be made out
from the mounted skeleton bv.!onging to the school, parts
of a skeleton may be brought from home. A fish that has
been prepared for the table by steaming or boiling whole
will provide good material for studies of spines, ribs, and
vertebre. Such a prepared fish lends itself, too, very well
to observation of the manner in which the muscles are
arranged.

The chief facts that should be brought out in the study
are:

1. The vertebral character of the axis.

2. The complicated bony structure of the head.
3. The presence of ribs forming a support for the wall

over the body cavity.

4. The similarity of the vertebrte and the limited
amount of articulation among them.

6. The study of a single vertebra will give a clear idea
of the meaning of spine, spinal column, spinal cord,

vertebral column, centrum, etc.

„ . FROG OB TOAD
References:

First Course in Zoology. Bailey and Coleman
Check List. Nash
Book of Suggestions to Teachers. Walter, Whitney &

Lucas

LABORATOBT STUDIES—LIVING ANIUALS

Development of Frog or Toad

To observe the different phases of development put a

few freshly deposited eggs in jarr. of water o'r in aquaria.

The mistake is often made of overloading the jars with too
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«n«ny eggs. Keep the water fresh by renewing it and
remove any specimens that may die. As the tadpoles
grow, some water plants, such as green algip, should be
added for food. The eggs of the leopard frog will be
easiest to procure; they are the most common egg masses
to be found in the ponds. Toad's eggs will be found
twined about grass stems or lying along the bottom in two
long strands. Do not set the dishes in sunlight, where
the water will get too warm.

Note:

1. If possible, how the eggs are laid by tl j female frog.

3. The number, size, shape, colour, and buoyancy of the

3. The changes.— (o) the disappearance of the white
portion by the overgrowth of the black; (i) the change
from the spherical shape to an elongated one with a groove;
(c) the appearance of a fprm with head and tail, capable
of moving; (d) its emergence from the surrounding jelly
and the development of gills; (e) the development of
eyes and a mouth; (/) the disappearance of gills by an
overgrowing operculum and the animal coming to the top
of the water to breathe air; (g) the appearance of its hind
legs; (A) the appearance of front legs; (i) gradual dis-
appearance of tail, and emergence from the water on to
the land.

These later stages will be seen best perhaps in specimens
found out-of-doors in the summer.

Using specimens set free on the table or under a glass
cover—
Note:

1. The size, coloration, general shape, proportions, and
posture of the animal.
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2. The Blcin, drynoM or danipnew, whether then are

acalet anywhere.

3. The divisions of the body.—head and trunk.

4. The legs.—their comparative lengths and directions

of setting; the numli-'r, arrangement, and webbing of the

toes.

C. The head.—the mouth, nostrils, eyes, and ears.

6. The tongue.—by gently prying open the mouth this

organ may be seen and its shape and attachment noted.

7. Movements and activities.— (o) how it walks;

(6) how far it jumps; (c) placed in a large dish of water,

how it swims or floats; ((2), the effects of touching its eye;

(e) the pulsations of the nostril; (/) the movements of

the body wall under its jaw ; (g) any other pulsations about

the trunk.

With a toad or frog in a school vivarium provided with

a piece of moist turf, obsert-ation of its manner of taking

food may be made (pat in flies, grubs, etc.).

OI8CC88IONS

1. The place of amphibians in the animal world; their

relationships with the fishes

8. The truthfulness of the stories about living frogs

being found embedded in rock

3. The e<^nomic values of frogs and toads.

Note:
odtdoob work

1. The date of the first announcement of spring by the

piping tree frogs or croaking frogs.

2. The -order in which the different species seem to

become active.

3. The breeding activities in the ponds, swamps, and

ditches.—(a) their calling and fighting; (b) hiding when
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disturbed, etc. (how long they can reniBin under water)

;

(c) the numeroua depc.... of eggs. Collett gome for the
chool aquarium.

4. (o) The time of cessation of the spring chorus;
(i) the withdrawal of the tree frogs from the drying
swamps and ditches; (c) the appearance of tadpoles where
the eggs had been; (<*) the difference between the original
number of eggs deposited and the number of tadpoles
hatched.

6. Their enemies.—(a) the presence of birds such as
ducks, herons, and crows about their breeding grounds;
(ft) the occasional finding of a snake engorged with a
frog or toad that it has captured; (c) whether there are
enemies in the water as well as on the land.

6. Their feeding (this can be observed best with the
toad).— (o) the time of the day it makes its appearance;
(6) its presence about doorsteps or under electric street
lights; (c) how it secures the fly or other victim.

7. Their wintering.—(a) their disappearance with cold
weather; (b) their lying dormant under logs or stones
about the rivers (frogs)

; (c) or buried in the ground in
the garden (toad).

SKELETON OF FBOO OB TOAD
If a prepared specimen is in the possession of the

school, proceed in general as outlined for the study of the
bird skeleton and using the bird skeleton again for com-
parisons. It may be found to be an advantage to study
the frog and fish skeletons together.

The chief things to be observed and emphasized are the
central character of the axis, the manner of attachment of
the legs to the axis, and the skeleton structure, which ex-
plain its great power of Jumping.
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When the itndy of a mammBlian ikeleton ii afterward

taken up (Autumn Tenn, Second Year), compariaoni

hould be made regarding the bonea compriaing the legi

and toes particularly.

A frog's skeleton may be prepared fairly easily by

dipping an ai lal into boiling water for a few minutea

and picking oil i.ic flesh.

VISCERA OF FBOO OR TOAD

See method suggested under " Birds ".

BLOOD FLOW IN TADPOLE'S TAIL OR FROO'S FOOT

By means of a glass tube used as a pipette, remove a

tadpole from an aquarium and place it on a glass slide.

After tiring itself in wriggling, it will probably remain

still long enough to permit the obaervation. Use the low

power of the microscope and focus on a thin part of the

taU.

To keep a frog atill, bind it firmly with a damp cloth

to a small board. Draw out one of the hind legs, and by

threads attached to two of the toes spread the web over a

glass slide. Examine with a microscope, using the low

power. By the use of a littl'i chloroform the animal may

be quieted.

Note:

The rate of blood flow; how the corpuscles travel;

whether there are any temporary stoppages in any vessels

;

whether the flow is constant in any vessels.

nature's losses as E9TIUATED FROM FHCOS* EOOS

At some small pond, make an estimate of the number

of pairs of frogs breeding. Estimate also the number of

eggs in all the egg masses deposited there. Allowing that
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the next ye.r there will probably bo .bout the Mmo
namber of frog, breeding «g,in in the »me locality,
calculate the waite of nature's production.

DEMONSTRATION OF CHICK EMBBYOB
Rtferinct:

Texl-book of Zoology. Parker and Haawell. Vol II
p. 409 '

This study should be preceded by the study of the
structure of an egg, in the work of the previous autumn.
Material may be brought by pupils who are having egg.
hatched by incubatc.s or by natural means.

Put th- or four freshly laid eggs, marked witl. the
da^s and hour, under a sitting nen seventy-two hour,
before they are needed for the class work; twenty-four
hours after put three or four more similarly marked, and
agam twenty-four hour, later three or four more. This
will provide a supply of one, two, and three-day embrro..
For comparisons, an unfertilized egg that ha. been under
the hen for three days may be also used.

Break the egg. into dishes (soup plates) containing

ready view of the developing chicks.

Note:

1. The comparative sizes of the embryonic areas of the
<iinere..„ days.

3. The development of a head and the signs of a
segmented body.

*

3. The bending over of the embryo; the development ofa d«proport.onately large head; the coming into being of
heart, blood-vessels, eye, and ear; the beating of the heart.

4. The changes that have occurred in the nature of the
white of the egg and of the yolk.
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AUTUMN WORK OF SECOND YEAH.

ECONOMIC mSEOTS
References:

Consult books by Bethune, Saunders, Smith, and

Chittenden listed on pages 43-4.

The nature of the season, the locality, or the local

industries will determine the selection of the insect studies

of this term. Those insects that have been most harmful

or most numerous during the summer season will naturally

be considered first. The studies taken one term will not

necessarily be repeated the next year. By this changing

01 the topics from year to year, teachers will be enabled to

become practically acquainted with many of our common
economic insects. At the close of the spring term pupils

should be informed of the work that will be taken up in

the fall, and directed to make observations and collections

for themselves during the summer. For some of the

studies a supply of specimens will need to be collected by

the teacher, oa opportunity offers during the summer.

The following lists show the wide field covered by the

subject. Some of the commonest insects are known as

" general feeders " because they do not restrict themselves

to any one particular food plant. Such are the cutworms

(larvffi of moths), aphids or plant-lice, white-grubs

(larvae of may-beetles), wire-worms (larvae of click-

beetles), flea-beetles and grasshoppers.

These may be considered as suitable subjects of study,

as well as the following insects having more restricted feed-

ing habits:

ATTACKING FIELD CROPS

Wheat : The joint-worm and the hessian-fly

Clover : Clover-seed-midge

Peas: Pea-weevil
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ATTAOKINO VEGETABLES

Asparagus: Blue asparagus beetle and twelve-spotted
asparagus beetle

Cabbage: White cabbage-butterfly and cabbage-maggot
(a fly)

Cucumber, melons, squash, and pumpkin: The striped
cucumber beetle, the spotted cucumber beetle, and the
squash-bug

Onion
: The onion maggot (a fly)

Potato: The Colorado potato beetle and the potato
flea-beetle

ATTACKING SMALL FBUITS

Currants : Currant saw-fly

Baspberry
: Raspberry cane-borer

ATTACKING 0L3HARD TBEES OB FBUITS

Apple: Codling-moth, apple-tree borers, oyster-shell
bark-louse, tent caterpillar

Plum : Pltmi curculio

Peach : San Jos^ scale

General : Fall web worm

ATTACKING SHADE OB POHEST TBEES

Tussock-moths, cankerworms, tree borers, gall flies

ATTACKING DOMESTIC ANIMALS

Stable fly, mosquito, black flies, bott flies, fleas, lice

INSECTS OF HOUSEHOLD

Clothes-moth, carpet beetle, house-fly, cockroach, bed-
bug, fleas, lice, ants
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BENEFICIAL INSECTS

Among the insects that must be considered beneficial to

gardener, fruit-grower, or farmer are bees, lady-bird

beetles, ichneumon-flies, and dragon-flies.

The class work should be taken up, as far as possible,

along the lines indicated for the insect studies of the first

year, that is, first, observation of the living animal ; second,

morphological studies of killed specimens.

EXTERNAL CHARACTERS OF A MAMMAL
Reference:

Bailey and Coleman

LABORATORT STUDIES—LIVING ANIMALS

While a satisfactory consideration of the external char-

acters of a cat, dog, or rabbit might very well be based on

observations made at home, in many respects it will be

better to have one of these animals—or all of them if

comparisons are desired—before the class.

With a cat, for example, before the pupils—
Note :

1. The divisions of the body.

—

head, neck, trunk, tail,

legs—the relative lengths of these.

2. The covering of the body.— (o) What places are

devoid of hair? (6) Are there any specially sensitive

hairs? (c) Is there short hair among the longer hair?

(d) Would the animal's colour be changed if the hair

were clipped short? (e) Is the colour of a single hair

uniform throughout its length?

3. The head.— (o) its poise ordinarily, and in alarm,

surprise, hunting, etc.; (b) the relative size and position

of the ears, mouth, eyes, whiskers, and nostrils; (c) the
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motions and movability of these; (d) compare its eyes

with human eyes.

4. The legs.—their comparative lengths; the straight-

ness, heaviness, number, and position of the toes. Com-
paring them with the human body, locate the elbow, wrist,

and hand in the front leg, and the knee, heel, and foot in

the hind leg.

5. Movements and activities.— (o) Observe the action

of the legs in walking, running, galloping, creeping,

(i) What kind of tra< s would the animal leave in the

snow? (c) How does it climb, descend from a tree, seize

its prey, play with its victim, drink, purr, protect itself,

fight, warn an enemy, etc. ?

4. The teeth.—these can be best studied from the

skeleton. Compare the number in the upper and lower

jaws—how are these set against one another? Judging
from their shape, what different purposes do they serve?

Compare them with man's teeth. Interpret the dental

formula if, c\, pf, m\ =30. (See Text-hook of Zoology,

Parker and Haswell, Vol. II, p. 536.)

COMPARISONS OF MAMMALS

Comparisons of typical mammals will have to be based

partly on outdoor observations and partly on museum
specimens. The teacher should get togethf such skulls as

may be picked up sometimes in the woods or fields ; or, if a

special study of farm animals is to be made, such as may
be procured from butchers. The bones of the lower parts

of the legs of the horse, cow, sheep, and pig will be useful

also. Mounted skins of a squirrel, mole, and bat are

needed. The skins of other wild mammals, such as the

woodchuck, muskrat, mink, and weasel, would also be

interesting.
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The comparisons might be fixed and emphasized in a
schedule drawn up after some such manner as tLe follow-

ing (use drawings instead of word descriptions as far as

possible) :

Hole Bat Squirrel
1

Cat Horse Cow

Hair

Feet

Teeth

,

Locomotion.

After these practical studies on typical local mammals
are completed, a broader view of the diversity of form in

this class of animals might well be given by means of

lantern slides or charts. Failing these or the time neces-

sary for it, the pupils might be directed to read on the
topic in the books by Jordan and Heath, Bailey and Cole-

man, or Homaday. The subject will be found to be of

great interest to them.

SKELETON OP UAMUAL
For this study the school should be provided with a

mounted skeleton. If this is not available, a chart might
be used in conjuneticn with such loose, detached bones as

may be picked up on field excursions, Comparisons should

be made with skeletons previously studied, and also, if

possible, with the parts of the human skeleton. The sug-

gestions given for the study of the bird skeleton apply
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here also. The exercise is not to be a close anatomical
study, but a general one leading to the recognition of the
more important relationships and bones, for example,

Note:

1. The divisions of the «ptnai co/umn.

—

cervical (neck),
thoracic (rib bearing), lumbar (without ribs), sacral
(vertebras united), caudal (tail). Compare the size and
direction of the spines.

2. The relationships of some of the parts.— (o) how the
head is swung on the neck vertebrae; (J) how the vertebne
move on one another; (c) how the ribs articulate with the
thoracic vertebre; (d) how the legs are joined up to the
mam axis; (e) how the bones of the legs are related.

3. The divisions of the legs.—the front leg, connected
with the scapula and made up of humerus, radius, and
ulna, carpus (wrist), and hand, the hind leg connected
with the pelvic girdle—femur (thigh), tibia and fibula,
patella (knee cap), tarsus (ankle), foot. How many bones
are there in the wrist, the ankle, the hand?

4. A vertebra made up of the centrum, neural arch,
neural canal, spine, facets of articulation, and processes.

For testing the rmpils' knowledge of the structures of
skeletons, have them locate the position of bones, such as
may be secured from roasts of meat, etc., or other odd
bones that may be picked up for the purpose.

VISCERA OF MAHM. .

See suggestions given for the study of the viscera of
bird. Since, however, this topic has such a direct appli-
cation in the physiological interests that are bound to
arise, an effort should be made to take it up in some
practical way. A prepared dissection would answer best
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perhaps for a mixed class. Pupils who wish to work the

matter out for themselves should be directed to follow the

instructions given in Studies in Zoology, Merrill, or in

Practical Zoology, Colton.

SPBING WOHK OP SECOND YEAR

CBATFI8H

References:

Bailey and Coleman

Walter, Whitney & Lucas

COLLtCTINO

In gathering crayfish, seize them between the thumb

and finger over the back ; held in that position they can-

not seize one with their claws. Do not try to bring many

back in a small pail. It is better to carry them packed in

damp moss or grass. Keep them cool and moist.

AQCABIA

Do not overload the aquarium with too many speci-

mens or with very large ones. Remove dead specimens

without delay. Keep the aquarium where it will not be

warmed by the direct rays of the sun. A metal tray three

or four inches deep supplied with water and a bed of

gravel and sand answers well for keeping crayfish. If a

niunber are to be kept for some time for laboratory studies,

pack them in damp moss and keep them in a cool cellar.

LABORATOHT STUDIES—LITINO ANIMALS

Using living specimens in aquaria, shallow dishes such

as soup plates, or, in some "ines, free on the desks—
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Notk:

1. The animal locomotion.— (a) how it moves its feet

in walking; (6) how it carries its large chelipec' (claw

feet) ; (c) whether it can walk backward or s^ dng up

into the water; (d) whether its extended backward move-

ment is jumping, swimming, or floating.

8. Other movements.— (o) the occasion and extent of

the sweeping about of its feelers; (i) the directions and

extent of the eye movements; (e) how it acts when it

touches another crayfish or is touched by a pencil ; {d) the

constant churning movement near its mouth; (e) how its

claws act in seizing anything; (/) how it puts a piece of

food into its mouth.

3. Its process of growth—if opportunity offers, the pro-

cess of moulting.— (a) where the exoskeleton splits;

(5) how the animal gets out; (c) its condition and dis-

position after the moult.

4. Its young.—to some of the female crayfish gathered

in the spring, young crayfish will be found attached; note

their number, colour, manner, and place of attachment.

5. Its mode of respiration.—With a specimen in a

shallow dish of water determine, by the movement of par-

ticles in the water, the direction of the flow of water

caused by the churning of some of the mouth parts. Or,

to make the movement more discernible, put a drop of

coloured ink near the base of the hinder legs by means of

a pipette. Can the crayfish live out of water for any length

of time?

LABOBATORT STUDIES—MORPHOLOGICAL

Using specimens either freshly hilled or preserved in

alcohol or formalin—
Note:

1. The general shape, proportions, and colour.
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2. The divisions of the body.

—

cephalo-thorax and ab-

domen.

3. The shell.—the unsegmented carapace over the

cephalo-thorax, the overlapping ring-like parts of the seg-

mented abdomen.

4. The abdominal appendages.— (o) the tail fin made
up of five broad lobes; (6) the four pairs of swimmerets
on a female; (c) the three pairs of twimmerett and two

pairs of spine-like appendages in the male.

6. The thoracic appendages.— (a) the four pairs of

walking legs and one pair of chelipeda (jaw-feet) ; (6) the

number of joints, directions of setting from body, and the

number that have claws.

6. The head appendages.—on the upper side, the an-

tenna (long feelers), antennules (short feelers), the

stalked eyes.

The appendages on the under side of the head are

numerous and complicated. To be seen rightly, they should

be reiroved in order and fastened to a card (see Bailey and
Coleman). There are three pairs of maxillipeds (foot-

jaws), two pairs of maxillce (thin jaws), and one pair of

mandibles (strong jaws).

7. The breathing organs.—Expose the gill chamber by
removing one side of the carapace; lay the specimen in a

plate of water, and note the arrangement of feathery gills.

Not the size, number, shape, structure, movability, and

connection with the movement of the legs.

Compare a lobster with a crayfish.

Note:
OCTDOOB WOHK

1. Their occnrrence.

—

(a) Are they common in streams,

ponds, ditches, or lakes? (5) the size of the largest and the
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nnallest gpecimens; (c) how their colour accordi with the
bottom of the river bed.

a. Their manner of locomotion.—(o) Is it walking,
leaping, or swimming? (J) How far do they go in one
flight? (c) Where and how do they hide? (d) What are
their movements when one tries to seize them? (e) How
do they get back to the water if let go on the bank?

3. The occurrence of little mounds of earth around the
mouths of round burrows near ditches or in damp places
(commonly called " snake holes ") ; these arc said to be
made by a crayfish; try to trap one or dig it out.

4. The occurrence of so-called " soft-shelled crabs " and
explain the condition. Explain also the empty crayfish
shells found about the streams, and the occurrence of speci-
mens with claws of unequal sizes.

6. Their feeding.—on the body of a dead fish, etc. Do
they ever seize a baited hook ?

6. Their enemies.—Examine the stomach contents of
a fish, such as black bass; note the remains of crayfish in
the excreta of the larger river birds.

GENEBAL DISCUSSION

The lobster industry.—its location, extent, methods
of operation, shipping, marketing.

WOOD-LOUSE OB SOW"UO (0NISCTT8)

References:

Kellogg

Silcox and Stevenson

This animal is almost unique among the crustaceans, in
that it breathes by gills, but leads a terrestrial life. The
allied "pill-bugs" roll themselves up into a ball when
molested.



118 BIOLOGY—SECOND TEAB

LABORATORT HTUDIE8

Uting living or dead tpeeimetu—
Note :

1. The Hze, proportions, colonr, and marking! of the

iKxly ; whether its covering is soft or hard like that of the

erayfish.

2. The divisions of the body.

—

head, thorax, abdomen.

3. The head.

—

eyes, antenna, and mouth parts.

i. The thorax.—the number of segments and the legs.

6. The abdomen.—no legs, but plates that are the gills.

DISCUpSIONS

1. The correctness of the names, " louse " and " bug"

2. Relationship to the crayfish.

Notb:
OUTDOOB WOBK

1. The places of their occurrence.

—

(a) under damp
boards, stones, rotting sidewalks, water-barrels, etc.; (6)

whether they are found abroad in the daytime or active in

cold weather; (c) whether there is much variation in

size ; {d) the other animals that may live among them.

2. Their locomotion.—(a) how they behave when

molested; (b) their rate of motion; (c) ability to climb.

Reference:

Bailey and Coleman.

SPONGE

LABORATOBT STUDIES

Secure a supply of sponges from a druggist—^they may

be borrowed—representing the different kinds and grades

usually sold.
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Non:
1. Their general shape, elasticity, colour, odonr, tex-

ture, and value.

2. Their structure.— (o) the mark showing where they

were attached to the sea bottom; (i) the location of the

large and small openings and their relation to one another

;

(c) the structure of the material composing the sponge

framework as seen by the microscope; (d) the homy
nature of the substance (spongin) shown by burning a

piece of it ; («) the presence of small pieces of a hard chalk-

like substance in some of the sponges.

3. Their capacity for holding water.—Weigh one of

the dried sponges, allow it to absorb all the water possible,

and after allowing the excess water to drip out, weigh

again, and estimate its power of absorption. Account for

this property.

After this study of the skeleton of a horn sponge, the

teacher should explain the structure and activities of the

living animal and direct the pupils to read further for

themselves.

DISCUSSIONS OR READING

1. The position of sponges in the animal kingdom

2. The sponge trade—where they are found, how they

are secured, prepared, marketed, and sold. (This subject

might be given to one pupil or a group of pupils as a
special study. It could then be given to the rest of the

class in a paper or talk.)

COBAL
Reference:

Bailey and Coleman

Our common fossil corals are pictured in Miller's Min-
erals and How They Occur. Some of these may be secured

from local quemes, gra\el pits, t beaches.



lis BIOLOOr-BECOND Y15AB

LiBOBATORT 8TDDIU

Thii tubjeel should b$ irealed in a wafi limilar to that

ouilined for the lesion on the Sponge.

Have the pupils bring samples of different kinds of
corals {either fossils or recent forms) that may be bor-

rowed from curio collections or elsewhere. A Iso get samples

of the corals used for necklaces, etc.

Ni-tb:

1. The forms, coloura, hardneM, and weight of the

manee.

Z. The holes which mark the positions of the bodies of

the coral polyps (sos^alled insects).

3. The effect of treating the coral with dilute hydro-

chloric acid.

With diagrams or charts, the teacher should explain

the structure and life history of the coral polyp.

OENEBAIi DISCCBSIONS

1. The occurrence of fossil corals in the glacial drift

which came I'om the north

2. The formation of coral islands, etc.

3. The position of the coral polyp in the animal king

dom.

8TABFISH
References:

Bailey and Coleman

Miller's Minerals and How They Occur pictures fossil

forms found in Ontario.

This study is to he taken in the same way as those of

the Sponge and Coral.
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OOUHON ANIlfALa OF MINUTE SIZE
Riftnnet:

Life in pondi in the ipring

There are many common uiirili of minute liie that

will make profitable atudie* for pu^iU who take an interest

in working with the microscope. Theae atudiea are not
perhaps very suitable for class work, but may arouse young
individual naturalists to a farther seeking out of nature's

secrets.

Many of these animals are common in the ponds and
ditches in the spring. They may be easily procured by
dredging with a fine water net (this is like an ordinary
insect net, only smaller and made with fine silk or linen

net). The specimens may be kept in jars of water that
have no fish or other prcdaceous animals in them.

The teacher's office rfill consist largely in pointing out
the animals, showing how they may be examined, offering

some explandtions, and directing the interested pupil to

books that will instruct further.

The animals may be withdrawn from the water by
means of a pipette; glass slides provided with small con-
cavities or fixed rings will be found very suitable for hold-
ing the specimens for examination with the microscope.

Seftrencet:

Bailey and Coleman

SNAKE AND TUBTLE

Nash. (Chech Liitt)

I.ABOBATOBT STUDIES—LIVING ANIMALS
Using common garter snake in vivarium or glass jar—

Note:

1. Its movements.—(o) raising and lowering head;
(6) projection of forked tongue (so-called "stinger");
(c) climbing up side of glass or netting.
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2. The seizure of flies, grubs, or frogs that may be fed

to it ; how large frogs are swallowed.

3. Its harmlessness.—it may be handled without any

fear of injury.

i i!

LABORATORY STUDIES—MORPHOLOOIOAL

Using a dead specimen—
Note:

1. Its length, proportions, and coloration.

2. The divisions of the body.—head, trunk, tail. Is

there a neck?

3. The head.— (o) its shape and the arrangement of the

scales; (6) the position of the eye and the presence or ab-

sence of lids; (c) the mouth and its extensibility; (d) the

tongue, its shape, protection, and extensibility; (e) the

presence or absence of teeth.

4. The body.— (a) the arrangement, numbers of rows,

and overlapping of scales; (6) the use of the belly scales

in locomotion.

With a small turtle in an aquarium provided with a

floating board for the animal to rest on—
Note:

1. Its movements.—swimming, floating, diving, rising,

climbing on the board, extending or withdrawing the head.

2. Its general behaviour.—whether it takes food or

whether it is very sensitive to disturbance, etc.

LABOKATOBY STUDY—HOBFHOLOOICAL

Using a preserved specimen of a common turtle—
Note:

1. The size, proportion, and coloration of the body.

2. The divisions of the body.—Aearf, neck, trunk, tail.
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3. The covering of the body.—scaler > . some part-, and
a shell made up of a carapace on the tipj.cr side i.-id a
plastron on the lower side of the trunk. I.'ote the n unber
and arrangement of the plates of the shell.

4. The head.— (a) its shape and movability on the
ncek; (6) the eyes and their nictitating membrane- (c)
the nostrils and their pulsations; (d) the mouth and horny
jaws; (e) the ears with a flat, exposed ear-drum.

6. The legs.— (a) the directions in which they are set
and their strength; (6) the number of toes on front and
hmd feet and the nature of the nails.

DISCUSSIONS

1. The economic value of snakes and turtles
a. The truth of the stories about the swallowing of the

young by mother snakes.

Note: OUTDOOR WORK

1. The date of the first appearance of these animals in
the spring. Collect specimens for the school museum.

2. Their locomotion.— (a) manner of crawling, walk-
ing, or swimming; (b) the rate of speed at which they
travel; (c) what they do when disturbed or pursued.

3. Their feeding.— (a) what their' food consists of
how and when they capture it; (J) whether snakes molest
birds or birds' nests.

4. Their growth.-the moulting of its skin by a snake.
Do turtles increase in size through moulting?

5. Their methods of reproduction.— (a) the egg laying
by female turtles and subsequent appearances of young;
(6) the size of the smallest snakes to be found (our com-
mon garter is viviparous, that is, the young are bom in a
completely formed condition).
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6. Their enemies.—hawks attacking snakes, etc. Is it

true that young snakes are swallowed by the old ones for

protection ?

7. Their disappearance with the approach of cold

weather. Where and how do they pass the winter?

EEVIEW OP ANIMALS STUDIED

The allotment of work for this term permits the giving

of considerable time to reading. Pupils should be directed

to the best books available, such as those listed in this

Manual, and encouraged to read systematically, and to take

notes on what they read. '

The use of some form of schedule for comparing, siun-

marizing, and classifying, will be found helpful in unifying

the scattered or more or less unsystematic treatment of the

subject. This plan may be used to advantage, too, as the

work proceeds from term to term. The form may be placed

across the black-board or made permanent by printing with

India ink crayon on a chart made of window-blind linen.
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SCHEDULE FOR REVIEWING AND COMPAHINO ANIMALS

Animala Studied

Grasshopper .

Cricket

Butterfly

Bee

Potato beetle

House-fly

Bug
Dragon-fly . .

.

Hosquito ....

Spider

Centipede . . .

.

Crayflsh

Wood-louse .

.

Clam or Slug .

Earthworm .

.

Sponge

Coral

Starfish ,

Fish

Frog

Snake

Turtle

Bird

Cat

Chief External Characters

s-g

Il5
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SciiEDCLE

—

Continued

Chief Internal

Characters

e

Activities

Ml 8 I

I

I

Belated

Local

Forms
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AUTUMN WOBK OP FIBST YEAR

SIMPLE INSTRUMENTS NEEDED

It is essential that each pupil should K,- provided with
a simple outfit, including:

1. A scalpel or sharp penknife

2. A pocket lens

3. A pair of needles in wooden handles

4. A pair of small forceps.

In order to avoid the trouble and inconvenience often

caused by the mislaying of instruments and consequent

failure to produce them when most needed, it is recom-
mendf!d that a sufficient number of sets should be provided
by the school authorities for the use of the pupils, and that
these should be kept in the school and be distributed and
collected as occasion requires. The cost would Is very
trifling, and the advantage of having the instruments
always at hand is obvious.

EXAMINATION OP A C»MM6N PLANT

UATKBIAL FOB OFENINO LESSONS

Of garden plants available in September, the petunia is

suitable, as well as morning-glory, phloi, and sweet-pea;
and of wild plants, the buttercup, mustard, and mallow
may be mentioned, but, of course, the choice need not be
couflned to these.

126
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I
-I

THE ROOT

Clear away the soil by shaking the root in water for a

few moments ; then, each pupil having a specimen in hand,

proceed to study:

1. The form, teaching the appropriate name.

2. The direction of growth of the main root or roots;

in general vertically downward.

3. The branching, and direction of growth of the

branrhes, and the purposes se.ved by the conditions noted.

4. The absence of green colouring matter and associa-

tion of this condition with the absence of light.

Examine 'JtC rootlets for root-hairs, and note where they

are most abundant. (This is done more readily with seed-

lings and, if any difficulty arises, the examination may be

deferred till serdlings are available.)

Discuss the principal uses of the root to the plant, such

1. The anchorage of the plant in the soil.

2. Absorption of liquid nourishment through the root-

hairs.

3. Storage of surplus food.

Where possible, have sketches made by the pupils to

illustrate the points observed.

„. , THE STEH
study:

1. The general direction of growth.

2. The presence of green colouring matter.

3. The succession of nodes and intemodes.

4. The consistency of the stem, whether herbaceous or

woody, and cause of its strength.

5. The duration of the stem.

6. Appendages (leaves).
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Compare the stem with the root in regard to these

points, and discuss in general the distinctions between

stems and roots, and the important purposes served by

stems as supporters of leaves and at, a means of communi-
cation between root and leaf.

Sketch the stem, or a portion of it, to illustrate the

node, internode, and appendages.

Hf^J_. THE FOLIAOE LEAVES

1. The general form of the leaves.

2. Their colour, and connection of colour with ex-

posure to light.

3. Their position on the stem.

4. The extent of their growth, whether limited or un-
limited.

6. The parts of the leaf: blade, petiole, and stipules (if

present).

6. The venation, noting any differences between upper
and lower surfaces as to veins, and discussing the purposes
served by the veins.

7. Begion of the green substance of the leaf. Tear off

strips of the epidermis above and below, to prove that the

green matter lies almost wholly between these layers.

8. The use of the petiole, and cause of its strength.

9. The development of buds in the axils of the leaves.

If convenient, have the pupils inspect a bit of epidermis
through the microscope, to get some idea of the nature of

the stomata.

Discuss in a general way the purposes served by the
leaves. They need air and sunlight in order to carry on
their work effectively. The stomata suggest connection be-

tween the air and the interior of the plant, and help to an
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^H

;

sill

understanding of the interchange of gaseous materials and
of the giving oft of water vapour. It is not to be expected,

of course, at this stage, that any accurate account will l)c

given of the chemical processes in the leaf. It will be suf-

ficient to indicate that the leaves are able to take materials

from the soil and the air and convert them into substances

which can be used to build up the plant body. Later on,

provision is made for experimental work, which will help

the pupil to a better understanding of the functions of the

leaf.

Illustrate by sketches, as far as possible, the points

taken up in connection with the study of the leaf.

THE FLOWER LEAVES

The Caijx.—Note:

1. The number of sepals.

Z. Whether these are united or separate (cohesion).

3. Whether they are alike or different.

4. Whether they show evidences of leaf structure (such

as veins, for example).

5. Whether attached to any other part of the flower

(adhesion).

Examine flower buds and discuss the probable use of

the calyx as a protecting organ.

The Corolla.—Compare with the calyx as to:

1. The number of parts (petals).

2. Union or separation (cohesion).

3. Shape of parts.

4. Colour.

6. Probable use to the plant, not only as a protective

organ, but as a source of attraction to insects.

6. Whether attached to any other part of the flower

(adhesion).
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Tht Stamen: —Note:

1. The number.

8. The distinction of filament and anther.

3. The relation of the stamens to each other (cohesion).

4. Their relation to any other parts of the flower, such
as calyx or corolla (adhesion).

5. The structure of the anther : its mode of opening,
its mode of attachment to the filament.

6. The pollen: the appearance of the grains under a
microscope, and compared with grains from some other
flower.

7. Use of the pollen to the plant.

8. Insect-pollination and wind-pollination.

The Pistil—Note

:

1. The different regions of the pistil : the ovary, the

style, the stigma.

2. The rough appearance of the stigma under the lens

and its moistness. Its use.

3. The smoothness of the style as compared with the

stigma.

4. The structure of the ovary, and ii contents {ovules

in young flowers and seeds in ripened ones).

5. The component parts (carpels) of the pistil as a
whole, and whether these are consolidated together or sep-

arated (cohesion).

6. Belation to other parts of the flower (adhesion).

The Receptacle.—the tip of the stem supporting the flower.

When the general structure of the flower has been gone
over, discuss the relative importance of the parts, and de-

velop the idea that the ultimate purnose of the plant is the

successful production, dispersal, and germination of seeds,

in order to secure the continuance of the race of plants.
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Have eketchoB made, where possible, to illustrate the

points taken up.

FBUTTS

Trace, as far as possible, the development of the pistil

after fertilization till the fruit is ripeneid.

Derive a definition of the term " fruit ".

For further study, secure an abundant supply of typical

forms, such as bean or pea, columbine, milkweed, rose,

buttercup, shepherd's purse, mustard, garden stock, poppy,

maple, elm, oak, gooseberry, grape, cranberry, orange,

cucumber, tomato, pine, hawthorn, morning-glory, peach or

plum, banana, etc., etc.

Teach the usual classification into -fry and fleshy fruits,

with the subdivision of the former into dehiscent and in-

dehisceut.

Note also such forms as accessory (for example, apple

and strawberry), aggregate (raspberry), multiple (pine).

Compare the popular idea of a fruit with the true mean-
ing of the term, and secure accuracy of terms in the case of

fruits such as those of the buttercup, sunflower, and Indian

com, which are not uncommonly referred to as seeds.

In all cases consider adaptations (a) for protecting and

nourishing the ripening seeds, (6) for helping the dis-

persal of the seeds.

FLESHT FRUITS

With such examples in hand as gooseberry or grape,

peach or plum, apple or pear, develop the differences be-

tween berry, drupe, and pome.

Make a careful study of the pericarp in each case.

Consider also the bearing of such pericarps, when ripe,

upon the question of seed dispersal.
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Submit to the pupils such formii as cuciimher, tomato,

orange, banana, date, etc., for exercise in classiftcation.

DRT DEHISCENT FRUITS

For the study of the legume and the follicle, ripening

pods of pea or bean, and millcweed or columbine, will be

convenient.

Note the mode of dehiscence and the attachment of the

seeds in all cases.

For the study of the siltque and the silicle use fruits of

shepherd's purse and garden stock or mustard.

Note:

1. The mode of dehiscence.

2. The falling away of the valves.

3. The persistence of the central partition.

4. The arrangement of the seeds around the edge of

the partition on both sides.

With a supply of such capsules as those of horse-chest-

nut, poppy, plantain, morning-glory, etc., study the various

modes of dehiscence illustrated by them.

In all cases have sketches made of the structures

observed.

DRY INDEHISCENT PHDIT8

For the study and comparison of the achene and the

grain, provide abundant specimens of wheat or Indian com
grains ; and fruits of the buttercup or the sunflower.

Carefully distinguish a true nut, such as an acorn or a

hazel-nut, from such drupe forms as walnut, cocoa-nut,

and almond.

By means of such forms -s the fruits of the mallow,

carrot, geranium, maple, etc., leach the structure of the

schizocarp, showing that while these forms break up into
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their component purt« at maturity, each part, containing a

eed, remain! i ..|8C(1, and the fruit ia thuii really indehiitcent.

The structure of tliu mmara will be readily illuatrated

by nieonn of the fruits of elm, ash, maple, etc.

Sketch all forms observed.

0I8PERHAL OF SEEDS

Discuss the need of provision for seed dispersal.

1. Dispersal by Wind.—Use as examples seeds (or fruits

as the case may be) of dandelion, thistle, clematis, maple,

ash, pine, milkweed, willow-herb, basswood, etc.

Note whether the wings, tufts of hair, etc., are attached

to the fruits, or directly to yie seeds.

In studying the dandelion, note the effect of the reflex-

ing of the bracts as the ripening proceeds, of the rounding

of the receptacle, of the drying of the {lappus hairs, of the

roughening of the surface of the achene.

For an example of extreme lightness combined with

great abundance of seed, study an orchid capsule, if one can

be had.

Try the effect of tossing a few pine seeds, or maple, ash,

or basswood fruits, into the air.

Beference should also be made to the tumble-weeds of

the prairie regions.

Note in general the great abundance of seeds produced

by plants which rely upon the wind for dispersal.

2. Dispersal by ^Water.—Seeds of water-lily, if procur-

able, will serve to illustrate by their buoyancy the provision

made in some cases for dispersal by water currents. Such

dispersal is far less frequent than through other agencies.

3. Dispersal by Animals.—To illustrate this mode of

dispersal, provide specimens of burdock, hounds-tongue,

beggar-ticks, geum, galium, etc.
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Examine with the Icna, and have itketclies made of tlie

huolu, 'vn, etc., by means of which the fruits cling to

clothing and to the fur of animals coming in contact with

them.

The case of such fruits as beech-nut, thorn-upplc, etc.,

should also bo considered. Here the spines or i)rii'klcs do

not appear to aid in seed dispersal, their prc>bHl)lc use be-

ing to protect the ripening seeds from attaclts of small

animals.

The use of the soft pericarp of fleshy fruits in attract-

ing animals, and particularly birdx, can l)c readily made
evident. Note, also, that in most fleshy fruits the seeds

are protected by hard or tough coats, so that they are

either discarded by feeding animals, or, if swallowed, pass

uninjured through the alimentary canal.

Dry fruits, such as nuts and grains, are commonly car-

ried off by squirrels and other small animals.

In this connection, also, man's influence as a distributor

must not be overlooked.

4. Dispersal by Special Mechanisms.—If possible, have

specimens of the ripening pods of the garden balsam or

the wild impatiens, and have perfectly ripe pods of peas

and violets.

Note the effect of pinching the ends of the pods, and
have sketches made of the appearance of the pods before

and after the tension has been relieved by pinching.

SEEDS

A supply of large seeds, such as bean, Indian corn, and
morning-glory, should be provided, and Imth dry and
soaked specimens should be ready for examination.

Compare dry and soaked seeds as to size and weight,

and note results.
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SEEDS OF DICOTYLEDONS

Each pupil being provided with one or more well-

goaked bean seeds, note first the external form and account

for all outside marks. Make sketches to illustrate.

Wipe a soaked seed carefully and, by gently squeezing,

demonstrate the position of the micropyle.

Bemove the testa and examine its inside surface, not-

ing any peculiarities.

Examine the embryo, making sketches and naming the

parts.

Discuss the nature and use of each part.

Dissect the plumule, flattening out the leaves of the

bud, and carefully examine wfth a lens to see the veins.

Illustrate the folding of these leaves with leaf forms

cut out of paper.

Note the attachment of the cotyle ^ons to the stem.

Demonstrate storage of starch in the cotyledons by

applying the iodine test.

For comparison, carry through a similar series of ob-

servations with well-soaked peas and morning-glory seeds,

taking careful note of resemblances and differences.

SEEDS OP MONOCOTYLEDONS

Each pupil may be given one or more well-soaked grains

of Indian com.

Bemind the class that the grain is something more than

a seed, and carefully distinguish the pericarp from the

seed-coats.

Examine the external features, making sketches and

accounting for marks.

Having removed the pericarp, cut the seed vertically,

perpendicular to the broad surfaces, and examine one of the

cut surfaces.
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Note the section of the embryo, and make out

:

1. The single cotyledon.

2. The radicle.

3. The plumule.

Cautious use of the point of the needle will help in this

examination.

Select a second softened grain; remove the coverings

and carefully dissect out the complete embryo. Sketch in

different positions.

Test the endosperm and cotyledon for storage or re-

serve food.

Any other grains may be treated in a similar manner,
and compared with Indian corn.

For an excellent and well-illustrated account of the
behaviour of a germinating onion seed, the teacher may
consult Bailey's Lessons with Plants, page 383.

SEEDS OF OT1IN08PEBH8

Winged seeds of pine or spruce are not difficult to
obtain. Being small, they are not so easy of examination as
larger seeds, but with patience the more important features
can be made out.

The seeds should be soaked for a day before being used
for examination.

Inspect through the lens and make a sketch of the ex-
ternal appearance.

Try to find, with the lens, the miciopyle at the small

'

end of the seed.

Bemove the coat and examine again with the lens.
Try to dissect out the embryo from the endosperm.
Try to count the number of cotyledons.

Test the endosperm for starch.
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FBEPABATION FOB WrNTEB

ANNUALS, BIENNIALS, AND PEBENNIAL8

Differences in mode of life to be discussed.

In annuals, the only reserve food is that stored in the

seed for the use of the young plant at the time of germina-

tion.

Plants living for more than one year store away food

materials to be used for the growth of succeeding years.

Biennials utilize the surplus food laid up in the first

year in producing flowers and seeds in the second year, and

are then exhausted.

The different types of pferennials should be noticed:

such as herbaceous, which die down to the ground each

year, but maintain living underground parts, such as

rhizomes, or bulbs, or corms; trees and shrubs, which may

or may not entirely shed their leaves, and whose growing

points perennate as buds.

Discuss the value, as a preparation for winter, of the

fall of the leaves of deciduous trees, and call attention to

the difference in form of the leaves of such trees and those

of our common evergreens.

BTOBAQE

For a practical study of the storage of reserve food such

materials as the following are necessary

:

Roots: Such as carrot, parsnip, beet, dahlia, sweet

potato

Leaves: Such as cabbage and live-for-ever

Tubers: Such as potato and artichoke

Bhitomes: Such as iris, Solomon's seal, toothwort

Biilbs: Such as tulip, lily, hyacinth, onion

Corms: Such as gladiolus, crocus, Indian turnip.
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Seeds have already been considered.

In all cases make out the trae nature of the storehouse.

The " eyes " of the potato or artichoke should be dis-

sected and their arrangement on the tuber noticed.

The true nature of these " eye? " should be taught, and
the proper inference drawn as to the true nature of the

tuber.

The conn should be compared with the tuber, and each

of these with the bulb, and resemblances and differences

noted.

The roots and other forms should be tested for sugar
and starch, and results noted.

Head details of tests for grape and cane-sugar and for

starch, as given in Atkinson's College Botany, pages 74-6.

Other forms of storage material may be mentioned, but
it will suffice at this stage to limit the tests as above.

WINTER BUDS

For this study a plentiful supply of twigs of different

woods is necessary, such as horse-chestnut, maple, poplar,

lilac, elm, oak, butternut, walnut, beech, apple, currant, etc.

Note:

1. The situation of the buds on the twig, whether ter-

minal or lateral.

2. The leaf scars below the lateral buds.

3. The scales which protect the bud. If absent, as in
the naked buds of walnut, butternut, and witch-hazel, note
the fact.

4. Whether the bud scales, when present, represent
leaves or, as in the horse-chestnut, only leaf bases; or
stipules, as in the oak, elm, beech, and alder; or rudimen-
tary leaf blades; as in the lilac.
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Have the buds carefully diasected and note the arrange-

ment of the scales and young leaves and how the latter are

lei folded in the bud.

11 Discuss the relation between the leaf arrangement and

branching. ,

Look for resinous coatings on or between the scales ana

M
!

note their uses.
'

' '

Inquire into the functions of bud covermgs, as protect-

ing tender parts from mechanical injury and preventmg

loss of moisture.

If accessory or advontitious buds are present, try to

account for them and «' .,2;e8t uses.

The advantages of pruning, in developing otherwise

dormant buds, might be considered in this connection.

Call attention to the exogenous origin of buds as con-

trasted with the endogenous origin of rootlets, to the per-

sUtence of the growing point at the apex of each bud, and

the absence, as being unnecessary, of a structure like the

root cap, protection being afforded by the surrounding leaf

forms.

FALL OP LEAF AND FBUIT

Note the distinction between deciduous and persistent

leaves, and observe the simple withering of the leaves of

grasses, irises, lilies, etc.
., , «

Study the formation of the corky layer between the leaf

and the stem in the case of most deciduous trees and shrubs,

showing that provision is made for the fall of the leaf by

the living plant itself, and that the scar where the eaf was

attached has been formed before the separation of the leaf,

;

Note also the effect of the cork layer in shuttmg off

1 supplies from the leaf.
, . . j

Similar observations may he made in regard to ripened

seeds, fruits, and other deciduous parts.
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Discuss the value of the provision for the fall of the

leaf as a preparation for winter.

MABKINQS OF TREES AND SHRUBS

Twigs of all kinds, of several years' growth, will be

needed.

Study the leaf scars, and again note their relation to

the buds.

The position of the wood b^indles in the petiole is well

shown by the dots in the leaf scar of the horse-chestnut.

Examine the collections of scale sears of several suc-

cessive years, and determine the age of the twig in hand.

Compare the bud scars with the leaf scars.

Lenticels are well illustrated by twigs of elder. The
escape of air through these may be shown by dipping the

twif; in boiling water.

Make sketches illustrating the points observed.

OtriDOOR WOBK

This work will be carried on throughout the term,
under the direction of the teacher, but not necessarily under
his personal supervision, as it would be impossible, even if

it were desirable, that he should always accompany the

pupils while engaged in outdoor observation. The teacher

can keep control of the work by indicating from time to

time, as the class work progresses, the particular line which
the outdoor work should take, in order to be most service-

able in relation to the laboratory work in hand. The
records of the observations should be separate from the
notes made in the class-room, should be regularly super-
vised by the teacher, and credit given for them when the
question of promotion is taken up.
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The teacher wUl, of coiiTse, give advice in regard to the

work of collecting and preserving plants and seeds. Chapter

VI of Ganong's The Teaching Botanist contains so com-

plete and satisfactory an account of the best mode of man-

aging collections that it would be superfluous to enter here

into details which the teacher can so easily master for

himself.

SPRING WOBK OF FIBST YEAB

OEBMINATION OF SEEDS

For the practical study of the phenomena of germina-

tion a plentiful supply of seeds will be required, as well a»

suitable germinating pans or boxes. For the latter any

ordinary boxes (not too shallow) filled with sawdust or

bog-moss _will answer; or even moist sheets of blotting-

paper placed upon a plate, with another plate inverted over

it

In order to be able to watch the development of seed-

lings without disturbing them, some boxes should be pro-

vided with one glass side, and this side should i.s made

vertical in some cases and sloping downward and inwaid

in others.

The seeds under observation should be placed against

the glass side, and the boxes filled with moist sawdust or

moss. It is well to have the glass fixed with putty round

the edge.

Useful seeds for work in germination are pea, bean,

Indian com, onion, pine, pumpkin, oak, etc.

Soak a number of bean seeds in water and plant them

half an inch or ao below the surface in a germinating box.



BOTANY 141

Examine at intenralB and note

:

1. The bunting of the seed-coat.

2. The escape and downward growth of the radicle end

to form the root.

3. The upward growth of the plumule end to form the

shoot

4. The expanding of the first leaves and the variation

in form and position of the subsequent ones.

6. The production of root-hairs.

6. The lifting of the cotyledons above the surface, and

their falling away when no longer needed.

7. The gradual establishment of the new plant.

Other seeds, such as pea, pumpkin, onion, etc., may be

started at the same time in other boxes, and their behaviour

compared with that of the bean.

Make sketches and notes of all points observed.

CONDITIONS OF SUCCESSFUL OBOWTH

When a number of seedlings have been studied and

compared in this way, some simple experiments should be

carried on, to find the more important conditions of suc-

cessful growth.

For example, to test the bearing of warmth and

moisture on germination, place some dry seeds in dry, loose

sawdust and keep without water for several days in a

warm place. Observe and record the effect. At the same

time, treat other similar dry seeds in all respects in the

same way, except that the sawdust shall be well sprinkled

with water occasionally. A third lot of seeds may be

treated in the same way as the second but, instead of

keeping them in a warm place, expose them to a low tem-

perature. Note and record what happens.
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To find out whether air is essential for germination,

seeds may be placed in a glass jar or bottle filled with

water from which air has been expelled by boiling.

Tightly cork the vessel and set aside for examination from

time to time. Note and record what happeiu.

To determine whether heat is prod iced daring ger-

mination, special care is required in arranging the

apparatus. Soaked seeds should be placed in a jar through

the cork of which a thermometer is thrust into the seeds.

Another jar should be prepared in exactly the same way,

but with seeds which have been killed by boiling. The

two jars with the thermometers in them should then be

placed side by side in a box with dry sawdust around and

between them, and the readings of the thermometers com-

pared at intervals of a few hours. (The thermometers

must, of course, be compared before being used by being

put together into water of different temperatures, and any

differences in the readings noticed. If there are differ-

ences, these will be allowed for in the subsequent com-

parisons.)

BVOLUnON OF CABBON DIOLIDE

To Aow that carbon dioxids is given off during ger-

mination, put a quantity of well-soaked peas or beans in

the bottom of a glass jar or cylinder and cover the latter

with a glass plate well smeared with vaseline. Put away

in a warm place for twenty-four hours. Then, carefully

sliding the cover to one side, pour in a little baryta water

and note the result Try also the effect of lowering a

lighted splinter of wood into the jar.

The influence of depth of sowing on germination may

be tested by placing seeds at different depths in a glass-

sided germinating box.
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ABSORPTION OF WATEB BT 8EED8

To find the amoimt of water absorbed by seeds put, say,

160 cc. of water in a graduated vessel and drop in twenty

or thirty carefully weighed dry beans. The rise in the

level of the water shows the volume of tne beans. Take

out the beans and leave them in moist sawdust for two

days, weigh them again, and ascertain their volume as

before. The seeds will be found to have absorbed more

than their own weight and .volume of water.

The examination of a seed in a former lesson showed

that water can enter through the micropyle. Whether

water can also be taken in through the seed-coat may be

a8cert.iined by suspending seeds so that they will be

partially immersed in water, leaving the micropyle out of

the water. After a few days the weight of the partially

immersed seeds can be compared with their dry weight.

OEBUIKATINO FOWBB OF SEEDS

The percentage of good seeds in any sample may be

tested by treating a definite number—say one hundred or

two hundred—under similar favourable conditions for

germination, and counting those which have sprouted after

a reasonable time. For instance, in the Government tests,

the time allowed for timothy seed is fourteen days, and
for clover seed ten days, and in the case of the latter it is

customary to count as good one third of the sound clover

seeds which have not sprouted within the time limit. The
germinated seeds are counted and removed daily, and
attention is paid to the temperature at which the seeds are

kept; for example, for timothy the temperature is to be

68° P. for eighteen hours a day, and 86° P. for six hours,

as nearly as practicable; for clover, 68° P, for eighteen
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honra, and 64» P: lor six hour*. It is alw important that

the blotting-paper used should previously be steriliied by

heating in an oven without scorching.

ABTIPICIAL PLANT PBOPAOATION

As a preliminary to this study, the attention o£ pupils

should be directed to the habits o£ such planta as straw-

berry, conch-grass, Canada thistle, raspberry, potato, etc.,

which not only reproduce by -seeds but also by tucker$,

runners, itolons. iubera. etc. The nature of these growths

should be made out and, in the case ol a strawberry

•runner, for example, the ori^n of the roots from the lower

surface and of the leaves from the upper surface should be

carefully noted.

Slips or cuttings of geraniums, willow, etc., should be

started in wet sand, and the progress of the formation of

roots inspected from time to time. As the cuttings will

require considerable tinje to develop their roots, they should

be started at least a couple of weeks in advance of the class

study.

The process of layering can be illustrated very well with

the garden verbena, by pinning down the branches to the

soil with pieces ol bent wire. These branches, especially if

lightly covered with earth at the joints, readily strike root

at these points.

To study budding and grafting it 'i better to see the

living examples in the orchard, but the details of the

processes may very well be explained in the class-room and

practically illustrated with the help ol suitable twigs, such

as those of the apple.

It is, of course, essential to impress upon the pupils the

advantages gained by these methods of propagation, in the
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way of enraring the continuance of valuable varietie* of

fruit*, flowera, etc., ai compared with the results of propa-

gation by aeeda.

BTTOT OP BPBIKO TlOyrEBB

The flowers of the locality will be utilized, as they

appear, for a study of the different organs and their modi-

fications and as a basis for exercise in ordinary plant

description.

The most essential technical terms should be taught aa

necessity arises, and, when possible, the idea of relationship

between plants witli similarly constructed flowers should

be developed.

In all cases of irregularity, adnation of parts, etc., an

effort should be made to determine the probable use to the

plant of such conditions as present themselves.

Valuable exercises may be given in making and draw-

ing longitudinal and transverse sections of flowers under

examination, for the purpose of showing relation of parts.

In . making vertical sections, it is generally best to cut

upward from below the flower. Of course a very sharp

knife-blade is essential.

The following suggestions for the desc iptive stuc*-
'

two common spring plants—dog's-tooth violet and Indiii<.

turnip—are taken from Atkinson's Elementary Botany,

to which the teacher is referred for similar suggestions as

to other plants.

dog's-tooth violet, OB YEttOW ADDER'S TONOUB

Entire Plant.—Observe the bulb from which the

flowering tcape arises; the small scale-like leaves over-

lapping it; the two large spotted leaves on plants which
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Nil
M

have the flower. In the caie of non-flowering ipecimeni,

obierve that there ig only one large leaf. If an oppor-

tunity offers for an excursion in the woods where the

plant growj, see if you can determine how the bulbs are

formed at the ends of the runners. As to depth in the soil,

compare the bulbs of the flowering and non-flowering

plants.

Inflorescence.—The inflorescence is determinate, and

consists of a single terminal nodding flower on a scape.

Flower.—Beginning with the outer whorl of members

of the flower, determine the number of members in each

whorl, as well as their form, relation to each other, and the

relation of the different sets among themselves.

Sketch a member of the calyx, corolla (outer and inner

sets of the pirianth), and andracium. Sketch the pistil,

naming the parts. Make a section of the pistil (preferably

one in which the seeds are nearly mature) and determine

the number of carpels united to form it. How is the

number of carpels manifested in -the stigma?

Construct a floral diagram to show the relation and

number of the different members of the flower.

The flower of the adder's tongue is complete, because it

possesses all the floral sets. It is perfect, because it

possesses both the andracium and the gyncecium. It is

regular, because all the members of the calyx as well as

tiiose of the corolla are of equal size.

¥

THE INDIAN TUBNIP

Staminate Plants.—Sketch an entire plant, showing

the conn (the thickened perennial stem) and the annual

shoot with leaves and spathe. Cut away one side of the

spathe to expose the long compact cluster (tpadix) of

staminate flowers within. Sketch the spadix, showing the
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maw of ituneiu u well m the itorile part of the thoot

above. Diuect off from the axis aevcral of the atamena.

Note that the filament is very ahort and that the anther ii

irregularly IoIkhI.

The Piatillatc Plants.—Compare with the ataminato

planti. How many Icavea are there? la the numlwr of

Icavea conatant on all the piatillate plants 'i Cut away one

aide of the apathc and expoae the apadix of pistillate

flowers. Sketch. Obaerve that each flower consists of a
single flask-shaped pistil, and that these are packed closely

together. Note the delicate brush-like stigma. Search

for plants which show both stamens and pistils on the same
apadix. Where both kinda of flowers are present on the

aame apadix, on what part of the spadix does each kind

appear? On the corms of different plants search for the

lateral buda, which are young planta. Obaerve that they

usually arise on directly opposite sides of the corm ; that

they easily become freed from the old corms; that they

are young corms. Do they arise in the axils of the leaves

or scale leaves which have fallen away?

Cut off a portion of the corm. Do not eat any portion,

but touch the tongue to the cut curface. The flesh of the

corm is very acrid.

POLLINATION

The practical study of pollination will naturally be best

carried on out-of-doors, but good work can be done with

selected flowers brought into the class-room.

WIND-POLLIXATION

Provide flowers of such plants as plantain, poplar (but

not willow), pine, oak, birch, aldar, grass of any kind, but
preferably Indian corn, if available.
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Note:

1. The abundance and lightness of the pollen.

a. The mode in which the anthers are attached to the

filaments.

3. The usually large and branched stigmas.

4. The exposure of the flowers to the wind.

6. The absence of nectar.

6. The usually inconspicuous character of the flowers.

7. Whether the stamens and pistils are contained in the

same or separate flowers.

INSECT-POLLINATION

Almost all conspicuous and scented flowers will serve

for illustration.

Try to ascertain whether the flowers produce nectar,

and find the position of the nectaries. The columbine, for

example, secretes nectar at the bases of the long spurs of

the petals ; their nectar, therefore, is out of reach of insects

with short probosces and can be obtained only by those

with long probosces, or by humming-birds. The same may

be said of the violet, larkspur, and many orchids. The

buttercup has its nectaries at the base of the petals on the

inside. The hollyhock bears a nectary on the inside face

of each sepal, and many flowers have the nectar freely

exposed on the surface.

Note also, that even if honey is not produced, the

flowers may be visited by insects for tha pollen, which they

use as food. Wood-anemone, clematis, and St. John's wort

are examples of these " pollen flowers ".

ODOCBS

Note, in regard to odours, that these are not necessarily

agreeable. Purple trillium, carrion flower, and skunk-
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cabbage have offensive odoure, which doubtless serve to

attract flies and carrion beetles.

Make a practice of looking for special devices to assist

in the work of pollination. The common barberry, for

example, has sensitive stamens, which fly forward when

touched. In the dandelion, the united anthers open

inward, and the hairy, upward-growing style acts as a

brush to bring the pollen into view. If the two-lobed

stigma does not receive pollen from another flower, the

lobes curl backward, and the stigmat.c face of each is

brought against the pollen on the style; that is to say, if

cross-pollination fails, self-pollination i resorted to. •

Examine flowers to find out whether the stamens in a

given flower mature before or after the stigmas, und con-

sider the effect of any difference in tiie times of maturing

which may be observed.

The common plantain shows instructive differences be-

tween the upper and lower flowers of the spike.

Study also the flowers of a geranium cluster.

Discuss the general advantages secured by cross-

pollination such as:

1. The greater vigour of the resulting plants.

2. The tendency to transmit any useful variation in

either of the parent plants.

SELF-POLLINATION

Interesting examples are furnished by the small purple

polygala, the violets, and wood-sorrel. In these cases,

study the inconspicuous cleistogamous flowers, noting how

self-pollination is inevitable so far as they are concerned.

Compare also the time of their production with that of the

ordinary showy flowers.
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Besides plants with such special contrivances as these,

a good many ordinary annuals also are self-pollinated.

Devices for protecting pollen against rain should be

noticed; for example, the natural position of the flower,

the closing up of the flower, the coating of the pollen-

grains with wax, etc.

w

^'i

INFLOBESCKNCE

The inflorescence naturally forms part of the study of

each plant taken up for examination. The more essential

terms should be taught as necessity arises.

Cymose and racemose types will be explained, and the

simple relationship between such forms as spike, raceme,

corymb, umbel, head, catkin, and spadix developed, these

forms differing really in small details only.

Examples of solitary inflorescence, both terminal and

lateral, will be found and noted.

Discuss any advantages arising from the grouping of

flowers in clusters, such as that of all the flowers in a

cluster being benefited by the same pollinating agency—

a

clubbing together, as it were, of the flowers to share in the

favourable influences. The massing of colour also in these

cases is suggestive.

In considering any cluster, note whether the flowers

are all developed about the same time, or whether they

develop successively during a considerable period, and con-

sider the resulting advantages and disadvantages. For

example, the successive development of the flowers may

favour cross-pollination and may offer a greater variety

of conditions for the successful production of seed, etc.,

while massing of the fully opened flowers has advantages

of another kind, as already suggested.

r
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USE OP THE PLOEA

Usually, explicit directions accompany the flora, so that

it is not necessary to go into minute details here. Suificc

it to impress upon the teacher that the plant under con-

sideration should in all cases be carefully examined and
details of structure noted down, before any reference is

made to the flora. The mere finding of the name of a
plant is of small importance in itself, but is of great value

when utilized to confirm or check the correctness of a
series of observations. Pupils should, therefore, be en-

couraged to use the utmost care in noting particulars of

structure, being assured that the determination of a plant

is then a comparatively simple matter.

ROOTS

TABIETIES OF BOOT FORMS

The usual distinction between tap-root and fibrous root

will be taught and illustrated by examples, and the origin

of secondary and adventitious roots pointed out. Study
examples of dicotyledons, such as the bean, dandelion,

carrot, etc., in which the primary root (the terminal

portion of the radicle) continues to grow downward and to

produce branches (secondary roots) forming a tap-root

system, and compare with the behaviour of a mono-
cotyledon such as Indian com, in which the primary root

hardly develops at all, while many adventitious roots

appear at tiie base of the stems, forming a fibrous root

system.

Call attention to such tuberous forms as the roots of

dahlia and sweet potatoes and their uses as storehouses ; to

aerial roots and their uses as absorbers of moisture from
the air and as climbing organs ; to water root* which float
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in water without penetrating the soil at all (a hyacinth

bulb will produce such roots, as will also slips of many

plants, sudi as geranium, if suspended in water).

Boot-hairs.—Examine seedlings, such as those of wheat,

oats, etc., to determine the region of the root upon which

root-hairs are most abundantly developed. Note that the

tip and the older regions are without hairs.

Bring out the value of the hairs as increasing the

absorbing surface, and as holdfasts enabling the tip the

more effectively to push its way into the soil.

Boot Cap.—Demonstrate the form and position of the

root cap, by mounting in water on a slide under the micro-

scope the tips of seeillings, such as cress, and note the

situation of the growing points.

Begion of Growth.—To establish the region of growth

in the root, sprout some seeds, such as peas, in clean saw-

dust or blotting-paper and, when the roots are a couple of

inches long, mark then» across at short intervals through-

out their length with fine India ink lines. Continue the

process of growth and examine the roots at intervals for

several days. The relative widening of the spaces between

the marks shows clearly where growth is most active.

STEMS

WINTEB BtlDS

The study of winter buds, which was begun in the

autumn, should be followed up in the spring, when the

buds resume their growth. The observations should cover

(o) the faUing of the bud scales, (i) the lengthening of

the axis, (c) the manner in which the young leaves are

folded in the bud (vernation), and (d) the gradual ex-

pansion of the leaves, all designed to show that the hod is a
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stage in the development of a stem or branch, and that care
is taken to ensure the close packing of the parts and the
proper protection of the young leaves till they have
attained some degree of firmness.

Varieties of Stem Forms.—The varieties of stem forms
will be taught and illustrated by examples everywhere
available. It is unnecessary to enumerate them here, as
every text-book deals with the principal forms.

ADAPTATION OP FORM TO HABIT

The question of adaptation of form to habit is a very
important one and should be constantly kept in view.
Erect stems require a certain rigidity of structure, and
the arrangement of the supporting tissue in such stems
should consequently receive attention.

Cross sections should be made of erect herbaceous
stems, such as buttercup, bean, grasses, etc., and the situa-
tion of the harder parts carefully noted.

The value of the thin-walled tissue, also, in helping to
produce rigidity by the turgescence of its cells, should be
noced.

The arrangement of the supporting tissues in erect
land plants may be compared with the conditions found in
aquatic stems, where special support is afforded by the
water in which they live. In these plants the chief strain
on the stem is caused by the pull due to movement in the
water, and consequently the harder tissues occur toward
the centre of the stem, very much as in the case of ioots.

Prostrate stems and climbers are usually slender, in
accordance with their habits.

Stems used for storage have their own special forms.
The hollow stems of many rapidly growing herbaceous

plants form interesting subjects of study. In these cases a
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minimnm of the material appears to be combined with a

maximum of strength, the material thus saved being used,

it has been suggested, to produce more flowers and seeds.

THE STEM STBUCTCRB IN DICOTYLEDONS

AND IN MONOCOTYLEDONS

This will be studied by means of transverse and

longitudinal sections of representative stems. Judgment

must be exercised as to the minuteness with which this part

of the work wUl be carried out. In general, not much

more should be attempted than cto be accomplished with

the aid of a good hand len^ but, if the school is provided

with a good microscope or a lantern, some very satisfactory

work can be done without undue sacrifice of time. The

constituents of the stem and the arrangement of the tissues

can be easily demonstrated, and perhaps the continuity of

the bundles of the stem with the veins of the leaves and

with the central cylinder of the root could be shown by

making longitudinal sections of the stem through the bases

of the leaves on the one hand and, in the case of a

seedling such as that of the bean, through both the stem

and root, and treating with aniline chloride or caustic

potash.
,

. .

Attention will be directed to outgrowths, such as spines,

prickles, snA.tendrils. The distinction in structure between

stem spines and prickles will be easily demonstrated by

cross sections, which show the presence of vascular bundles

in the former and the absence of them in the latter, thus

proving the spine to have its origin in the deeper tissues of

the stem, and to be in fact a modified branch, while the

prickle is developed from the epidermis and cortex. Leaf

spines and hairs should also receive attention, and the u^

of all these forma as protective organs should be discussed.
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Tendrils may originate in the stem or in the leaf; ex-

amples of each kind should be examined, and thei^ use as

climbing organs demonstrated.

Attention should be directed to the remarkable prop-

erty which the tip of the tendril possesses of responding to

the stimulus of touch and coiling round a suitable object

when irritated by contact with it.

Young tendrils of sweet-pea are slightly hooked at the

tip. If the concave side of the tip is gently rubbed with a

hard object, it soon begins to coil. The convex side is not

sensitive in the same manner.

Growing stems of scarlet-runner or morning-glory

readily show at their free extremities the movements of

nalaiion. These can be watched and the rate of movement
recorded.

The coiling of tendrils between the support and the

stem of the plant, so as to form an elastic, spring-like coil,

should be looked for, and the purpose served determined.

FOLIAGE LEAVES

GENERAL FOLIAGE

For the practical study of the general structure of the

leaf. Professor Cavers recommends the boiling of some
small leaves for ten minutes or so in caustic potash. If

then, while holding a leaf under water, a strip is cut off

round the margin, the leaf can readily be separated, with
the help of a needle, into three parts, the upper epidermis,
the mesophyll containing the veins, and the hwer epider-

mis. These portions can then be mounted separately and
examined with the microscope.

The structure of the stomata, with their guard cells

containing ehlorophyll, can easily be made out, and a com-
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parison made between their numbers on the upper and

lower surfaces. If possible, the communication of the

stomata with the air spaces in the mesophyll should be ex-

hibited, and the uses of the stomata discussed.

The absence of chlorophyll in the epidermal cells, ex-

cept the guard cells of the stomata, will be noted. The

cause of the opening and closing of the stomata should be

considered.

The structure of the veins should be explained, and

their uses as a supporting framework and as channels for

the conveyance of liquids should be pointed out.

Attention should be called to the granules {chloro-

phsts) containing chlorophyll, and an experiment made to

show that the chlorophyll may be dissolved out of the

grarules by means of alcohol. (The leaves treated may be

first boiled in water and then covered with alcohol.)

The necessity of light for the production of chlorophyll

can easily be shown, and the experience of the pupils may

be drawn upon for examples of the effect of growing plants

in darkness.

The relation between the presence of chlorophyll and

the manufacture of food from the inorganic materials in

the air and in absorbed water should be referred to, and

the fact kept in mind that seedlings and other plants which

grow in the absence of light have a reserve of prepared

food to draw upon.

PROTECTIVE STBUCTUBES

The uses of hairs, waxy coatings, etc., as protective

structures will be discussed. Young leaves in particular

require protection in some form, to guard against excessive

loss of water and against injury by excessive light or cold.
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The " bloom " on guch leave* as those of the cabbage

aheds water from the leaf and checks transpiration.

Observations should be made of the relative density of

the coating of hairs on the two leaf surfaces, and an ex-

planation sought in case of marked differences.

BELATION OF LEAVES TO SUNLIOHT

The relation of leaves to sunlight is a matter of great

importance. Pupils should be encouraged to examine and
compare as many leafy twigs as possible, as well as to study

complete plants, in order to understand how different cir-

cumstances affect and modify leaf arrangements, so as to

secure the most favourable exposure of the surfaces to light

and air. Simple instances are the cases of opposite leaves,

where each pair is at right angles to the pair next to it,

thus avoiding shading, and of lower leaves extended upon
longer petioles than the upper ones, with the same result.

Many cases of leaf mosaics can also be readily found, especi-

ally among those plants which produce numerous root-

leaves, such as the dandelion, plantain,'etc.

Besides the contrivances in such cases, the effect of the

cutting of the leaf blade into fine segments, as in the carrot,

and of the complete division of the blade into separate

leaflets, as in all compound leaves, will be noticed.

In this connection, attention should be directed to the

power which many leaves have of adjusting the position of

the surfaces so as to secure the most advantageous exposure,

turning the edge of the blade toward the sun when the

light and heat are greatest in the middle of the day, and
returning to the horizontal position in the more moderate
hours.
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8LEEF-M0TEHKVTS

, The «o-called sleep movcmenU also demand attention,

and some effort should be made to explain the significance

of the familiar phenomenon of the differing night and day

positions of the leaves of clover, wood-sorrel, acacia, etc.

The cause of the bending of stems toward or away from

the light should also be explained. Bead Cavers' Plant

Biology, sections 317, 318.
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CXIUPOeiTES

At leut one example of each of the formti should be

studied.

The dandelion or chicory may represent the hoiids made
up excluaivcly of ligulate florets.

The thistle or burdHck may be used ap a type of the

head composed entirely of tubular florets.

The sunflower, cone flower, ox-eye daisy, etc., will serve

for heads of the third type, having both ray and disc florets.

Note:

1. The form of the head.

2. The involucre.—number of rows of bracts, and any

peculiarities about the latter.

3. The florets.— (o) whether ligulate or tubular, or

both, (i) whether all open at the same time and, if not,

which ones mature earliest.

Split the head from below upward with a very sharp

knife, and examining the cut surface, note the receptacle.

—

(a) its shape (flat, conical, etc.), (6) the presence or ab-

sence of chaS-like bracts among the florets.

Carefully pick off a well-matured floret from the outer

part of a dandelion head and, using the hand lens, note

:

1. The ovary (inferior).

2. The pappus (representing calyx-limb).

3. The corolla (ligulate and epigynous).

4. The five stamens attached to the corolla, and having

(o) their filaments free, (b) their anthers joined and form-

ing a sleeve round the style.

8. The top of the style with its two-lobed stigma.

Make a complete sketch of the floret as thus seen.
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Taking a freah and well-openeJ floret again, let tha

pupil hold the lower end (ovary) with finger and thumb of

the left hand and then gently pull the upper forked end

of the atyle with the right The atyle will break off below

and be drawn up through the ileere of the anthen. The

sleeve, or tube, can then bo iplit with the point of a needle

and opened out to show the dehiicence of the anthera on

the inside face of the tube.

Now take another floret not so far advanced, and have

the anther tube split and spread out to show that the an-

thers mature and discharge their pollen before the stigma

is ready to receive it (protandm/),

NoTB, as far as possible

:

1. The upward growth of the style, with its bmih of

hairs round the top, with which it sweeps the pollen up-

ward.

8. The opening out of the forked top, in order to ex-

pose the inner stigmatic surfaces.

3. The final recurving of the two lobes, so as to secure

self-pollination, if cross-pollination does not occur.

Consider the effect of the massing of colour by the clus-

tering of the florets, any contrivances to aid in seed dis-

persal, and what different kinds of insects would probably

visit florets with corollas of different length (the nectary

being at the base of the style)

.

WEEDS

The common weeds of the garden, the roadside, and the

fleld will be studied, and these will, of course, vary with

the locality. These plants are sources of trouble to the

farmer and the gardener and, as a rule, are so constituted

as to resist bard treatment of various kinds, such as ez-
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poinn to drought, froct, poorneM of toil, etc. They alio

not nncommonly produce great numben of acedi and have

tpecial contrivance! for succenful leed diaperaal.

The ipecial advantage* poMcucd by any given weed

hould be noted, and inference* drawn aa to the be«t mode

of treatment for controlling ita spread. In the cane of the

dandelion, for instance, obvious points for consideratiDii

would be: (a) the stout perennial root; (6) the extrr-jci/

short stem and the consequent development of Icavcx <:'
'

''!

to the ground where they can be trodden upon withi ut in-

juring them, and where (helped also by their bitter tuKte)

they are safe from grazing animals; (c) the numeruU'<

seeds; and (d) the admirable contrivances for dispersing

them. When all these advantages are considered, the

marked success of this plant in establishing and maintain-

ing itself in spite of persistent efforts to check it will cease

to appear extraordinary.

The Canada thistle is another example of a moat sue-

ceaafnl weed, in apite of the relentlesa war waged against it.

Not only has it a superior means of seed dispersal, but it

is protected by its formidable leaf spines, and it has an un-

failing resource in its deeply buried rhizomes, the cutting

up of which by the plough only facilitates the further

spreading of the weed.

The so-called Russian thistle, a comparatively recent

importation, but which is said now to cover many thousands

of square miles, is a good example of the " tumble-weed ",

so called because, after the ripening of the seed, the stem

breaks off near the ground, and the plant, which is more

or less globular in form, is blown over the flat lands, drop-

ping its seeds as it rolls.

The attention of pupils should be directed in this con-

nection to what is known as the " struggle for existence "
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among living organisms; only a little consideration being
necessary to realize that a severe competition is constantly

going on among plants, and that those possessing advan-
tages over the others in the way of satisfying the conditions
in which they live, tend to crowd out their less fortunate
neighbours. This competition goes on under natural con-
ditions, and the fittest survive under the process of natural
selection. A somewhat analogous process is that by which
the horticulturist selects and preserves seeds and cuttings
of his best products only, year after year, and thus secures
new and valuable varieties, and crowds out, by his interfer-

ence, tlie less desirable ones.

Pupils should identify thi common flowering weeds
with the flora or, if any are too difficult, should be taught
to recognize them by some of their more evident characters.

The admirable publications of the Dominion Govern-
ment and the Department of Agriculture for Ontario, deal-

ing with the approved mode of treatment of weeds, should
be in the hands of every teacher of Botany.

PUNOI

Ill ...

8APB0PHTTE8

In collecting mushrooms for examination, care should

be taken to dig sufficiently deep to secure a quantity of the

mycelium as well aa the complete overground parts, and
specimens should be such as to show the different stages of

development

With specimens in hand, note

:

1. The difference in form between the overground and
underground portions.

2. The various stages in the development of the former,

as exhibited by splitting specimens of different ages.

iH'i
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3. The pUeus.

4. The gills.—the spore-bearing surface under the

microscope.

5. The stalk.

6. The annulus.

t. The absence of chlorophyll and the mode of life of

the plant as a saprophyte.

8. Its purely asexual mode of reproduction.

Take a specimen with fidl expanded pileus and cut the

stalk across close to the top; lay the pileus, with the gills

downward, on a sheet of white paper, and leave it undis-

turbed for a few hours. On lifting the pileus carefully, a

beautiful pattern of its under side will be found on the

paper, due to the falling of immense numbers of spores.

Inspect some of these under the microscope.

For the study of puff-balls both young and mature

specimens are wanted. The general aspect of the plant

body will be compared with that of the mushroom, and

sections will be made through the younger specimens to

show the internal cavities, the walls of which form the

hymenium.

The similarity in the mode of production of the spores

of the mushroom and puff-ball will be explained.

Bipened specimens, showing the ruptured peridium,

will be compared with the younger specimens, and the dis-

persion of the spores illustrated.

In like manner the plant body of a polypore will be

compared with that of the mushroom and the puff-ball, and

the metliod of spore production investigated. (Read

Bailey and Coleman, First Course in Biology, Chaps, xiv

and xxiv.)
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A simple lesson in claaeification should be given when
all the forms have been studied, and the reason why these

forms, apparently so different, are grouped together, should

be made clear.

Sketches of all the forms examined should accompany

the records.

Any one of a number of common forms may be selected.

Mildew.—Taking lilac mildew as an example, leaves

should be gathered at intervals and preserved, to show the

stages of development, some in June or July at the first

appearance of the fungus, and others at intervals of a

month or so till the leaves fall.

Note:

1. The general powdery appearance of the upper sur-

face of the earlier leaves, seen under the lens or microscope

to be caused by the conidia.

2. At the same time the mycelial threads can be seen,

and the branches which bear the conidia, as well as the

manner in which the latter are cut off by partitions at the

ends of the branches.

3. The use of these conidie as spores.

Compare the appearance of the surface of leaves gath-

ered late in the autumn with that of the earlier ones, and

note the dark dots in the former case.

With the lens observe the form of these sac fruiU.

Crush a few of them (mounted in water) by pressing

on the cover glass, and note the liberated spore sacs with

the contained spores.

Compare these spores with the conidia, and discuss their
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Wheat rust.—If wheat rust bo selected for study, stems

showing the red-rust streaks should be collected in early

Bummer, and others, showing the black-rust stage, later on

in the autumn; and, if a complete study is desired, bar-

berry leaves showing the cluster cups should also be gath-

ered in early summer and preserved for examination.

A brief account of the life history of the rust might be

given, to include

:

1. The scattering of the spores formed early in the

season in the cluster cups on the barberry leaves.

2. The germination of these spores on the stems of the

wheat or other grass.

3. The penetration of the tissues of the host plant by

the mycelium.

4. The formation of the reddish summer spores, which

can germinate at once if they fall upon a suitable plant

surface, such as the wheat stalk.

5. The formation of the resting spores (the black rust

stage) late in the season, and the postponement of their

germination till the following spring.

6. The necessity of the barberry leaves as a basis for the

germination of the resting spores in the spring.

7. The consequent effect if there are no barberry bushes

in the neighbourhood.

8. The effects of the parasitic growth upon the host

plant.

(Read Bailey and Coleman's First Course in Biology,

Chap, xxiv, and Andrews' Botany All the Year Sound,

pages 279-284.)

Black-ki\ot.—To study black-knot, affected twigs of

djerry or plum shr-ild be gathered at different seasons.

The young aid forsaing knot c«n be studied only in the



166 BIOLOGY—SECOND YEAR

spring specimens. Later ones show the fully formed knot-

like mass, having the velvety surface covered with the con-

idia-bearing hypha. The specimens gathered ir late sum-
mer differ in surface aspect from the earlier ones, the

hyphas having shrivelled up. Sections will show the peri-

thecia with the spore-bearing asci lining their cavities.

The life history should be outlined, and should include

the penetration of the young bark by the hypha; in the

summer, the activity of the hyphse and consequent forma-
tion of the knot in the following spring, the production of

conidia in the summer, the development of ascopores in

the autumn, and their ripening in the winter.

Bcmedial measures should be discussed, such as cutting

out and burning the knot or, in very bad cases, cutting

down and burning the whole tree.

PHYSIOLOGICAL EXPERIMENTS

HOOTS

In order to understand the absorptive action of root-

hairs in their close contact with moist particles of soil, an
experiment should be arranged to show osmotic action. A
common form of such an experiment is to make a model of

a root-hair out of a long, sound potato, by scooping out the

substance of it, leaving only an outer wall of a quarter of

an inch or so in thickness. If this is now half filled with a

flve-per-cent. salt or sugar solution stained with a little red

ink, and immersed to the depth of the solution in a jar of

water, observations made at intervals will show the gradual

rise of the liquid inside the tuber. The analogy between

the process and the action of the root-hairs, which always

contain sugar or other matter dissolved in the cell sap, is

easily seen. Other forms of the experiment are described

in the text-books and may be substituted for the above.
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If time permits, it will be well to set up an experiment
to show the strength of the upward sap pressure from the
root through the stem. This can be done with a plant such
as a bean growing in a pot. The stem should be cut off a
couple of inchci above the soil and a glass tute attached to
the stump with a bit of tight-fitting rubber tubing. The
tube can be kept upright by tying it to a stick thrust into
the earth ia the pot. If a little water be now put into the
tube and covered with a drop of oil to prevent evaporation,
the gradual rise of the wrter in the tube, due to pressure
from below, can readily be observed.

To show the tendency of roots to grow m the direction
of moisture, seeds may be grown in moes m a germinating
box with a wire guoe bottom. If the box is hung up, tke
radicles wiU make their way through the gau2e into the air
below, but will soon turn upward toward the moist moss.

The influence of light on root growth can easily be
shown. A tumbler of water may be covered with a piece of
muslin tied over it, and the roots of some seedlings thrMt
through holes in the mudin. If the tumbler is now placed
in a box having a slit in one side to admit light, the direc-
tion of the root growth in relation to the light can be
readily noted.

SOILS

The soil in which a plant grows is a storehouse of mois-
ture for the plant's use and eoutains also the necessary
mineral ingredients for its food. Some conversation with
the pupils, therefore, on the origin of soils, and a few
simple experiments on their composition, will be appro-
priate.

The mechanical separation of certain constituents may
be effected through the agency of water. A pound jr so of
good garden soil may be mixed with a small quantity of
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water to form a paste, and the paste so made may then be

shaken up well in a glass jar of water and allowed to settle.

The sand will be found at the bottom, the clay above this

and clouding the water with its fine particles, while any

humu* or decomposed organic matter will float on top.

The value of clay in the soil in " fixing" various materials

which are essential for plant food and in increasing the

power of the soU to hold water, should be pointed out, as

well as the improvement effected in the physical character

of heavy clay soils by treating them with lime. The nature

of sandy and clay loams should be explained, as well as the

importance of a due proportion of both air and water in

the soil, and the danger of " water-logging ". The subject

of drainage will naturally come up in this connection.

CULTUKE SOLTrnONB

The water in the soil contains many substances in solu-

tion: Vaiious salts of lime, potash, soda, iron, etc., many

of which, while insoluble in pure water, become soluble in

the BoU water, in consequence of the carbon dioxid.e which

it contains and of various chemical reactions. It is essen-

tial for healthy plant growth that the food materials should

be in soluble form. Hence soils are improved by addmg

substances which contain plant food or which act chemi-

cally upon insoluble materials and convert them into sol-

uble form. Tilling and manuring are the two most impor-

tant modes of increasing the fertility of the soil. Manures

are of value chiefly in proportion to their richness m nitro-

gen, phosphorus, and potash, these being the substances m

which soil in constant use is most likely to become deficient.

The effects of different fertilizers upon the growth of,

say wheat grains, can be tested by sowing the grains in

pots containing soil to each of which a suitable amount of
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a different fertilizer has been added, the other conditions of

growth being kept as nearly uniform as possible.

The best method of proving that certain elements must

be supplied in soluble forms to the roots of plants, if they

are to have a healthy growth, is by using culture solutions.

The essentials for most green plants are oxygen, hydrogen,

nitrogen, sulphur, phosphorus, calcium, potassium, mag-

nesium, and iron. The necessary carl)on comes from the

air through the agency of the green parts in the presence

of light. For culture experiments glass jars of about a

quart capacity may be used. The culture solution recom-

mended by Professor Cavers is made as follows : Take four

ounces of calcium nitrate and one ounce each of potassium

nitrate, magnesium sulphate, and potassium phosphate;

powder the salts to facilitate solution. This quantity will

be sufficient for thirty-two gallons of water, and for smaller

quantities of water a proportionately smaller quantity of

the salts will, of course, be used. A few drops of iron

chloride (or phosphate) should Im added to the solution.

Seedlings of bean, Indian com, pea, etc., may be grown
till the roots are several inches long, and then transferred

to the culture jars. These should have corks fitted to

them, with a hole in the centre of each and a slit running

out from the hole to the side for the reception of the plants.

The jars can be darkened by covering them with any suit-

able material. Some of the seedlinfrs will be grown in the

solution as above, others in solutions from which one or

other of the salts is omitted, and the effect of such omis-

sion observed.

Success in experimental work in the culture solutions

depends a good deai upon attention to details, such as

keeping the plant dry where it passes through the cork, to

prevent damping off ; replacing water lost by evaporation

;
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washing the roots occasionally ; and renewing the culture

fluid, etc.

It is needless to add that experiments such as the fore-

going require to be arranged for in advance, and that the

observations, to be of service, should extend over a con-

siderable period of time.

STEU FUNCTIONS

It is important to find out through what channel* the

liquids absorbed by the root-hairs pass up through the

stem. This may be done by mng twigs of different woods,

such as oak, ash, apple, etc., and dipping the cut ends in

red ink. After a time, varying somewhat with the con-

ditions, cross sections may be made at different points and

examined with the microscope, and the result noted. If

the twigs are leafy, the leaves may be removed and the

portions of the petiole, which have been stained, examined

with the lens. Longitudinal sections are also useful in

this connection. The experiments show that the upward

movement is through the woody tissue.

If a twig of willow is girdled by removing a ring of

bark, and the twig is then placed upright in a vessel ot

water, and the whole covered with a bell-jar, roots will in

time be developed just above the girdling, which seems to

prove that the elaborated sap travels down the stem through

the bark.

HELIOTBOFISM

This is re^ly demonstrated by growing a plant in a

window. The cause of the bending of a stem either toward

or away from the li|*t should be explained as due to un-

equal growth oB lie two sides of the stem.

Natation movements of the end» of twiners and climb-

ers !»ve already been referred to.
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To illustrate transpiration, a succulent shoot of any
plant may be used. Pass the end of it through a cork

fitted into a small bottle of water, and place a bell-jar over

all. The moisture which soon appears on the inside of the

bell-jar is evidence of transpiration. Instead of a shoot,

an entire plant growing in a pot may be used, but in this

case care must be taken to cover the soil tightly with some
material which will prevent evaporation from it. An in-

teresting variation of the experiment is to place the grow-

ing plant (with the soil tightly covered) on one scale of a

balance and counterbalancing weights on the other. The
loss of water from the leaves will soon be apparent in the

disturbance of the balance.

To test for starch in green leaves which have been ex-

posed to sunlight: First dissolve out the chlorophyll from
such a leaf by immersing it in boiling water and then
treating it with wood alcohol carefully warmed. If the
leaf is then tested by application of iodine solution, the
whole leaf is stained a purplish brown colour, showing the
presence uf starch.

Take a second leaf which has been in darkness for a
couple of days. Dissolve out the chlorophyll as before and
treat witli iodine. The test for starch in this case fails,

showing that the starch which the leaf had contained was
removed during the darkness.

To show the exhalation of gas (mostly oxygen) from
green water-plants in sunlight, place some pieces of any
common immersed aquatic plant at the bottom of a jar of
water and invert a funnel over the pieces, so that the small
end of the funnel is below the surface of the water. Now
fill a test-tube with water and carefully invert it over the
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upper end of the funnel. Set the apparatui in the sun-

light and, when sufficient gas has collected in the test-tube,

t^t it with a glowing splinter of wood.

The exhalation of carbon dioxide may be shown by

confining a growing plant in a deep, dark jar or box along

with a small open vessel of lime-water. The lime-water

becomes turbid owing to the formation of calcium car-

bonate.

SPBING WOBK OF SECOND YBAB

tb]j:e8

The scope of the work on trees is sufficiently indicated

in the curriculum. A good deal of the work will neces-

sarily be done out-of-doors in the presence of the trees

themselves. The branching can, of course, be best studied

before the leaves of the season are produced. Pupils should

be led to see that the general aspect of a tree depends very

largely upon its mode of branching, and such round-topped

forms as the elm, maple, and apple should be compared

with types like the Lombardy poplar and spire-like forms

such as spruce and cedar, all such comparisons involving

a careful study of the branching in each case.

Besides the ^general aspect of the tree, as resulting from

its branching habit, a study should also be made of the

bark of the wood as shown in different sections. For this

purpose there should be in the laborat.irj a good collection

of examples of the wood and bark of the commoner trees

of the locality, for ready reference. The leaf, also, should

receive attention, and an ample supply of preserved leaves

should be always on hand. If properly taught, the young

student should he enabled to recognize most of our com-

moner fruit and forest trees at sight.
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The ordinary economic uKf of oar native woodi will

be touched upon in connection with the general work.
For the atudy of the conifers, any of our common forma,

nch as white or red pine, may be used. The buds can be
had in abundance in the gpring and are easily studied.

The leaves will be compared both as to form and as to ar-

rangement and duration with the ordinary types of foliage

leaves, and a special study should be made of the staminate
and pistillate flowers, including the pollen and mode of

pollination. Ripe cones should also come in for examina-
tion, including the seeds and provision for seed dispersal.

The economic uses of the coniferous wood and bark, also,

must not be overlooked.

0BA8BE8

Almost any common grass may be selected for examina-
tion. If perennial, as a great many grasses are, the rhizome
should be looked for, and notice taken of the thread-like

roots characteristic of all the family.

The stalk, or culm, and the leaves with their sheaths
and ligules, will be studied, and attention directed to the
peculiarities of structure which make for strength in the
stem.

As the inflorescence in grasses varies a good deal in

appearance, a number of different types should be collected

for comparison. Wheat is a good example of the spike
arrangement. The spike, which forms the whole top, is

easily seen to be made up of many similar pieces, which
can be detached from the main stem, and which are known
as spikeUU. Each spikelet in turn can be resolved into
several smaller parts, which are the single florets. The
teacher should have a large diagram of the dissected spike-
let and of the floret, showing all the parts, and the pupils
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should bo required to verify, I>y tlieir own examination,

the accuracy of the diagram. The ripened grain, which is

the fruit, will he specially examined, and care taken to

distinguish such a fruit from a true seed.

The immense economic importance of the grass family

will be made clear.

PEEKS
Any common fern will answer for study. A very full

and satisfactory account of the examination of the Christ-

mas fern {Aspidium acrostich aides) will be found in

Atkinson's College Botany. The examination as there

described is more minute than is desirable at this stage of

the pupil's work, but the teacher should make himself

familiar with it, and exercise judf-mont as to the stress to

be laid upon the different topics. The study of the sporo-

phyte can be fully covered. The gametophyte offers

greater difficulties and must be abbreviated, and the study

helped out with diagrams.

The points to be covered are ; (a) The nature and habit

of the underground stem; (b) the mode of unfolding and
structure of the fronds; (c) the position and structure of

the sort; (d) the use of the indusium; (e) the sporan-

gium, with special attention to the adaptation of the annu-

lus for dispersing the spores; (/) the history of the spore,

and the distinction between sporophyte and gametophyte;

(g) the full round of life of the fern, as exhibiting the

phenomenon of alternation of generations.

ECONOMIC PRODUCTS

The intelligent teacher will require very little assistance

in dealing satisfactorily with this i)ranch of the subject.

An admirable presentation of it will be found in Part IV
of Kellerman's Elements of Botany. As the time which
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can be devoted to it in the Lower School is necessarily
limited, the work should he (arefully systematized. Prob-
al)ly the best way will be to deal with it by studies of
examples of products derived: (a) From tho juices and
exudations of plants, such as oils, gums, su-ar, etc.;
(b) from stems, both over and underground, such as woods
of different sorts, ginger, etc.; (c) from the bark, such aa
cork, tanning material, etc.; (d) from the leaves, such as
tea, tobacco, etc.; (e) from the flowers, such as perfumes,
etc.; (/) from the seeds and fruits, such as coffee, flaxseed,
nutmegs, caraway, hops, etc.

The extent and variety of the products discussed must
be limited by the time at the disposal of the teacher.

EEVIEW
If the work of examination of plant forms has been

faithfully carried out, a good foundation will have been
laid for a general view of the classification of plants, at
least so far as the more comprehensive groups are con-
cerned. The table of classification should be built up on
the black-board as the discussion of the characters of the
duferent groups proceeds, the necessary information being
drawn as far as possible from the pupils themselves in the
light of their previous studies.

OtJTDOOE WORK
For outdoor work in the spring of the second year the

subject of " Plant Societies " is assigned. The teacher will
be greatly helped in the management of this part of the
work by reading the excellent chapter on Ecology in
Andrews' Botany All the Year Hound, or Chapter xxix in
Atkmson's Elementary Botany, or Chapter iv in Bailey and
Coleman's First Course in Biology.



PHYSICS AND CHEMISTRY
REFERENCE -WORKS

The following list contains the names of 'he works in

Physics anil Chemistry which will be found, on the whole,

most useful to the teacher.

PHTSIC3

Lessons in Science. Gregory and Simmons. Macmillans,

Toronto. 90c.

First, Second, and Third Year's Course in Physics. Sin-

clair. Geo. Bell & Sons, London. Is. 6d. each.

Elementary Practical Physics. Watson. Longmans, Green

& Co. 2s. 6d.

These books arc well adapted for elementary work
in schools with moderate equipment. All contain sots of

simple experiments, fully described.

First Course in Physics. Milliken and Gale. Ginn & Co.

$1.25.

This work gives a survey of the whole field in an
elementary way, and contains excellent illustrations and
explanations of practical applications.

Text-book of Physics. Hall and Bergen. Holt & Co.

$1.25.

A good book, with satisfactory experiments.

Duff. Blakiston, Philadelphia.Text-book of Physics.

$2.75.

Text-book of Physics. Crow. Macmillans. $2.75.

These are recent works, tending to the mathematical

lids.
176
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Physics. Ganot. Longmans. Orcen & Co. 15s.
Still unsurpassed for the <lo:cription of mnohlnes.

Magnetism anJ Electricity. Hartley. Macmillnns. $1.40.

Heat. Edser. Macmillans. $1.00.

• Light. Edser. Macmillans. $1.50.

Valuable for their treatment of the special subjects.

CHEMISTRY

Experimental Chemistry. Wilson and Ilertlcy. Clarendon
Press. Vols. I, 75c., and J I, $1.25.

Introduction to Chemistry. McNair. Geo. Bell & Sons,
London. 2s.

Junior Chemistry. Adie. University Tutorial Press.
These three books are spccinlly useful in the elementary

classes, contain excellent experimental worlt, antl micht
be used as reference books by the pupils.

Elementary Study of Chemistry. McPhereon and Hen-
derson. Giiin & Co $1.25.

Elementary Inorganic Ch, dstry. Walker. Geo. Bell &
Sons. 3s. 6d.

These books give an account of the whole field of
inorganic chemistry from two entirely diffcront stand-
points, and are excellent reference books for the teacher.

Modem Chemistry. Ramsay. Dent, Toronto. SOc.
An admirable and thoroughly modern work in a small

compass.

Introduction to General Inorganic Chemistry. Smith.
Geo. Bell & Sous. 7s. 6d.

Principles of Inorganic Chemistry. Ostwald. Macmillans
$5.00.

Two invaluable works for the teacher, of which theformer is the easier to read.



178 ELEMENTARY SCIENCE

CLASS MANAGEMENT

In conducting laboratory work the ideal at which one
should aim is to have the pupils perform the experiments
individually. An experiment performed by the teacher

before the class will never be so clear or so completely
understood as when the pupil prepares the apparatus and
carries on the work himself. Almost all the experiments
in this Manual are suitable f< r individual work on the

part of the pupils. As far as possible, all members of the
class should be performing the same experiment at the
same time. Occasionally it may be necessary for them to

work in pairs, as some experiment? require two to per-

form them successfully.

AVhen the teacher has decided on an experiment, let

him, the day liefore, announce the problem to be investi-

gated and ask each pupil to have a method ready for the

next lesson. The next day he should discuss these meth-
ods briefly, and then give explicit directions as to the

method by which he wishes the experiment to be performed.

If it can be written on the black-' oard, so much the better,

lie should make his directions so complete before the ex-

periment is begun that few or no directions need be given

during the work, as it is very difficult to get the attention

of the pupils after they have begun work, and it is dis-

tracting to them to have to be listening to instructions

amid the noise of moving apparatus. The teacher may
pass among the pupils, watching the careless and giving

individual assistance.

AVhere it is necessary to distribute apparatus or re-

agents for an experiment, the teacher should appoint a

member of the class to do the distributing, and the same
pL-rson should collect at the end of the period. If a salt
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or a 'iquid is to be distributod, the pupils must bo trained

to pet immediately a test-tube or a paper ready to rceeive

it and to write down the name of the substniife to be re-

ceived. This distributing work may also be done by a

pupil. The teacher is better employed in watching the

progress of the class.

APPAHATUS AND SIMPLE MANIPULATIONS

Tables.—It is entirely erroneous to think that good
work in Physics and Chemistry requires expensive desks,

numerous sinks and taps, and running water. These all

help, but very good work can be done without them : what
is essential, is to have enough table room for all the pupils.

Half a dozen cheap kitchen tables are very much more
useful than one small but expensive desk. Kitchen tables

will do very well in small schools, but whatever desks ave
used their tops should be covered with melted paraffin,

and this should be ironed in thoroughly with a heavy hot
iron ; or they may be covered with floor wax.

Sinks.—These should be small and shallow, with a fiat

bottom and never with curving sides. Each should be
situated near one end of the desk, so that as much desk
surface as possible is left on which to work. The tap should
be near one side of the sink and should be higli enough
above the bottom of the sink to admit a tall bottle under-
neath, but very high taps should be avoided, as they cause
splashing. These sinks will serve as pneumatic troughs,
but, if they have curved sides, they are useless for this
purpose.

Drawers.—If drawers are placed under the desks for
individual apparatus, it is economical to have one drawer
at each desk without a lock, in which to put unbreakable
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apparatus, such as burners, iron stands, matches, etc.

These can be used by all tho pupils working at this desk.

If the sets of apparatus are small, each pupil may be asked

to bring a box in wliicli to store his apparatus, and the

boxes can be put away on shelves at the end of the lesson.

The boxes should bo uniform, such as the tin ones used
for soda biscuits.

Bottles.—Glass-stoppered bottles must be used for the
acids and bases and other corrosive materials, and for the
bases the clean stoppers should lie dipped in melted paraf-
fin, or they will lie sure to stick. Cieni jars are the cheapest
receptacles in which to store bulky powders and other
solids. All bottles must be labelled, and appearances are

greatly improved if bottles uniform in shape but of several

sizes are used. Dcnnison's labels can be purchased very
cheaply. A preparation called Vitro Ink can te got from
J. J. Griffin & Sons, London, W.C., Englund, with which
the names can be written directly on the glass; this is

quite durable if used as directed, and is not corroded by
acids. Neat labels add greatly to the appearance of the
bottles in the laboratory. Chemical-proof labels may be
made as follows: Lot the name be written on a paper
label and stuck on tho bottle. Heat the hot e until quite
warm, then rub over (lio label a paraffin candle until a
thin coating is formed. No chemical will corrode this.

To pour a liquid from a bottle, hold the bottle in the
right hand, the test-tube, say, between the thumb and first

finger of the left hand ; take out the stopper with the last

two fingers of the left hand and, holding it there, pour out
the required liquid; then replace the -topper, gathering
hack into the bottle any drop of adhering liquid at the
mouth.
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SriiiiT-tAMi'a OR Brs'sKx Bi-nN-Kiis.—Spirit-lnmps of

brass nre very duroMe and givu cxculleiit scvvicc, tlioii);h

tlioy sonii'times fxet a little liot. Tlicrc should lie two or

more frasoleiic lilast lamps to produce a vertical flame in-

teiiac enough to reduce limestone to quicklime.

Oas Coi.Lnrrrons.—A large granitc-warc dish, ten

inches in diameter and four or five inches deep, makes an
excellent i)neumatic troufjli for the collection of gnses over

water. Tickle liottles or small gem jars make good gas
jars. To invert these in the trough, fill them with water,

cover with a piece of paper just larger than the mouth,
invert carefully, place in the water, and withdraw the

paper. To collect gas in such hottles avoid the pneumatic
shelf; just tip up one edge and put the mouth of the de-

livery tuhe unde.neath. Do not have more than two
inches of water in the pneumatic trough, and then the gas
hottles are not so likely to topple over. Use a rubber de-

livery tube from the generator to the collector.

Heating Glasswaiie.—In heating flasks, beakers,

evaporating dishes, test-tubes, etc., wi^h solids in them,
always have a close-meshcd copper or brass gauze under
them. This causes the different parts of the surface to be
heated more uniformly and prevents breaking. When
heating a test-tube with a solid in it, as when making
oxygen from manganese dioxide and potassium chlorate,

the tube should he held horizontally or with the closed end
a little higher than the ojien one; this will prevent the
water vapour, which is likely to condense in the upper
part of the tuhe, from running down to the hot part and
cracking it. It is well in heating such tubes to roll gauze
around them, unless the heat requires to be concentrated
at one point.
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Jtvnmn STOrPEns.-Thc mouths of tlic larBc-sijtc.l test-
tulHjs and of fliwks should In; of th., same size, so that the
same stopper will fit them. For this purpose rul.her stop-
pers with- two holcj should l)e used, and, if only one holo
requires to l,o used, the other may l,o plup«ed with a pieee
of wood or a piece of ^lass rod. All K'hiss tuhiii« to l)o

used with flasks, test-tul.es, etc., should he of one sizo-
6 mm. is the best. In puttiuR glass ti;l.in<r through a holom a eork or rul.her stopper, wot it and twist the cork upon
the tube—do not try to push the glass tube straight through
the ai.erturc. It should he pulled out in the same way.
Immediately after the experiment, all tulws should bo
withdrawn from the stoppers, as it injures these to have
tul)cs left in them, and it sometimes becomes difficult to
withdraw the latter.

GL.tss Blowixo.—The teacher and pupil must lenm to
bend the glass tubing and fit up their own apparatus.
With an ordinary Bunsen flame or spirit-lamp, glap- tubing
cannot be bent perfectly. For this purpose a wide, flat
flame must be used. Whore Bunsen burners are in use, a
fish-tail attachment can lie purchased for a trifle, and this
gives a proper flame. However, the bending can be done
with a spirit-lamp, but the bore will probably be somewhat
constricted at the bend. The tubing should be held
horizontally, and brought cautiously down to the flame at
first; it must be kept rotating, so that all sides will be
uniformly heated. When it becomes quite soft, withdraw
it from the flame, and then carefully bend it once; if it is

not completely bent at the first trial, heat again, but just
to one side of the bend, and again withdra,. and bend.
When the tube colours the flame yellow it is getting near
the melting point. The gasolene blast lamp can be used
for t'.is kind of work.
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To Hoal ,me ,,,,1 of « ^-I„s. tul.i., Iwivo it rut of! snuu...
and, w,tl, tlx. en.I in the flame nn.l the tul,e held obliquely
keep It rotiitirv, and it will scnl very iiently

To ,l,a«r out RlasM tul.in« to a point, heat it a8 for
"•omlmR, keep.ns it rotating all the time. W|,.,, it be-
<o.neH quite soft, withdraw from the flan.e and .„,„ klv pull
apart the two end« until a narrow ne.k is for.ned. "When
tool, cut thi8 neck across by moans of a file.

To break Rlas.. tubing, make a mark on 'it at the pointwhere .t is to be broken, by drawing once across it
angle of a trmngular file; hold th. tubing firmly i„ the twohands w.th the fingers on the sides of the tul. wher themark was made und the two thumbs directly opposite themark; then l,end with both hands away from the m,Only small tubing can be broken in this way; larger tubingwdl require a special tute cut»-.

^

havcMn'T ? "''''";''*"*'• "- ""^ "•'" ^'''«' '"•>«' '^'ich

them togetlu-r w, h jo.nts made of pure gum rubber tubing.Th.s gives flexibility to the whole apparatus
The end of a glass tube, before ;,eing used shoulda ways be held in ^,„, till it melts slightly; t i, k

'

the rough edge off and gives a rounded form which winot cut rubber tubing or corks.

De^laoratino SP00N3._These can be made i.y bind-

Z r? .f""' "''""' "'*> *"- ^d hollowed out tothe end of a .*,ff wire; this can always be kept clean which

17" han ..an be said of the ordinarv sp'oon. "^iSmade out of cardboard serves as well as one of metal.

tio„!TouId'J!'' Z ^"^^'''^^-AU 'vaporation of solu-

water ttb .^
^ "^'^ '" "" evaporat-ng dish over a^ater-bath; otherwise the solid wilj likely lie scorched and
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discoloured. A (px"! w«ter-l)iitli in miule from a aliallow

beaker witli half an inch of water in it, placed on \)ra»«

gau^c over a flame. I'laoc the cvaporatiiiK dinh on this

with a match lietwcen it and the edpe of the l)eakcr, so that

the steam can escape.

Fii.TBATioN'.—Fnnnels ahont three inches in diameter

are convenient for filtering. Filterinj; pajwrs five inches

in diameter will fit these funnels. To fit the paper to the

funnel, fold it twice across two diameters at right angles

and fit it Into the funnel, having it three-ply on one side

and one on the other. Be sure it fits tightly and docs not

project above the edges of the funnel. Wet the paper with

water before adding the substance to be filtered. Never

have the low^r end of the funnel l)elow the surface of the

filtrate; if the base of the funnel touches the side of the

vessel into which the filtrate is running, there will be no

splashing. When pouring from a wide-mouthed vessel (as

a beaker) into a funnel, if the lip is put in contact with a

glass rod and the liquid is poured down the glass rod,

there is less chance of waste by spilling.

NOTEBOOKS

The loose-leaf book is the best. A page poo.ly done

can be removed easily, on review a page can be added, and

if the work is not always taken in the most logical order

—

and often it cannot t)e—the records can be arranged

properly.

The records should always be in 'nk and, of course, the

utmost neatness is necessary. The note-book should con-

tain such a record of an experiment that a person of intelli-

gence would, by reading it, gain a clear idea of how the

experiment was performed and what conclusions could be
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dor.vo<l from it. I'rori.i.m „„,1 tom.n.-ss nf stHlrmct .iro
cwntial. If a Amgnm ohmn

,
ainly the ,irnit,K,.iiu..,t ..f

the. apparatus, it is not n,v,.ss„rv that th.. pupil should
niso doHoriU. it i„ «.or,ls. Th. „tn..ss. th.. lh„r..„):hnoss,
an.l th.. us,.f„h...ss of th. n..t..-lMmks .h.,H.,„l. to „ larm
e.xt...t, on h.,«- th. t..a..I„.r tr,.«ts th..m .luring th.. flrrt
month Mod..| r,..,.r.ls of oxp,.,i,n..„ts shoul.l U. written
on the l.la,.k.lH,ar<l. Kv.t.v h„.,k shonl.l Ik. r,.,»l ..„r..rullv,
the errors eor f.l. an.l th.. „ot,.s r..writt..n hv the pupil
when ne,...ssar,-. Aft..r ,ar..ful hal.lts have }m'n forn.cd
ho greater part of the riass will l„.,k aft-.r themselves; a

little attention dev.,te,l to the .areless will a.t as 'a proper
«t,mulus to all. The took, should !h, e.xa.nined several
tm.es during the year a.id lue.I. the marks counting in
an estmiation of the pupil's standing in the class.

The record of an experiment should always contain in
order the following information, not . ssarily under
headmgs

:

1. The date and numlwr of the experiment
8. The purpose

3. The directions for performing it, with drawings
4. The observations

5. The explanation and conclu.sion.

Where possible, the observations should he in the form
of tabulated results, and all the mathematical reasoning
necessary to derive the conclusion from the observations
shou d be recorded in the explanation. The drawings
.^hould be placed on the left-hand side of the page, and the
teacher should msist on their Inking as large as the page
W.1I admit. Encourage the pupils to make drawing Lmk; these should be diagrammatic and, while little per-
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spcctive should be demanded, the pupils should not be

discouraged from showing depth. The drawings should

show the experiment at its most important stage. The

parts may be labelled and the contents of bottles, test-

tubes, etc., indicated. No notes should he dictated under

any drcumstnnces. Each pupil should record the facts

of the experiment entirely in his own language. While

performing the experiment he should be required to make

rough notes and sketches to be used as a guide and aid to

memory in writing the permanent notes.

The following example

will convey an idea of what

is meant

:

Experiment 16

April 19, 1909

PuBPOSE : To prove Archi-

medes' principle

Directions: Weigh the

catch-bucket empty, then

weigh the glass stopper in

air; immerse the glass

stopper in the water which

fills the overflow-can; catch

the water that overflows in

the catch-bucket; then weigh

the glass stopper while im-

mersed; lastly, weigh the

catch-bucket with the water

in it. Bepeat this three

times.
rtgtm 1
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Observations :

187

Weight of Glass
Stopper LOSB of

Weight of
Stopper

Weight of Catch-
bucket

Weight
of Water

1 In Air In Water Empty With
Water

Over-
flowed

1..

2..

3..

g
72

71.5

72

e
49

49.5

48

e
2.1

2.3

24

45

45

45

g
78

77.S

79

g
23

22.5

24

ExPLANATio.v
: The water that overflowed was that

which was displaced by the glass stopper, and in each case
the weight of this water was approximately equal to the
loss in weight of the glass stopper.

Conclu-sion: The loss in weight of a body immersed
in water is equal to the weight of the water it displaces.

APPARATUS

The following apparatus is necessary to perform the
experiments in Physics and Chemistry suggested in this
Manual

:

GENERAL EQDIPMENT

6 glass-stoppered bottles, 8 oz.

2 balances that weigh to cen^'grams

4 dry cells

100 feet insulated copper wire, No. 20
2 gasolene blast lamps

1 sonometer

1 spool piano wire for sonometer

1 organ pipe
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1 electric bell

1 incandescent lamp with wire attachments

5 pounds glass tubing, 6 mm. in diamet«r

3 pounds capillary glass tubing, opening 1 mm. in

diameter

1 pound glass rod, about 6 mm. in diameter

1 square foot sheet rubber—very thin

1 bicycle pump

3 metre sticks

3 cylindrical measuring glasses, 250 cc.

1 large round-lwttomed flask, 1 litre

1 atomizer or scent-bottle bellows

1 set cork borers

1 triangular file

1 gross assorted corks

2 bar magnets

3 mortars and pestles

2 pounds mercury

1 dozen candles

APPABATCS BEQCIRED BT EACH POPIL (OR OROHP OF TWO)

1 celluloid ruler about 30 cm. long

1 burette

1 pipette, 15 cc.

1 spring balance, 250 grams

1 lamp chimney

1 rubber stopper, with one hole, to fit the lamp chimney

1 iron stand with two rings, one 2" diameter, the other

3y2"

1 funnel, 3" diameter

1 barometer tube ,

1 pinch-cock
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1 pulley

1 metal cart for iiiclined plane

1 chemical thermometer

1 round-bottomed flask, 10 oz.

1 flat-bottomed flask, 8 oz.

1 rubber stopper with two holes to fit flasks

1 square of plate glass with two opposite polished edges
1 prism of glass with flat ends

1 tuning-fork

I compass needle

1 sheet of copper, 6" x 2"

1 sheet of zinc, 5" x 8"

8 knitting-needles

test-tubes, 5" x %"
test-tube, 6" x %"
hard glass test-tube, 5" x %"
watch glass, 2" diameter

crucible with cover, li// diameter
clay triangle

1 evaporating dish, 3" diameter

1^ feet rubber tubing to fit glass tubing
3 pickle bottles

1 .test-tube rack (can be made from a chalk box)
1 granite-ware dish, 8" diameter, 4" high

6

1

1

1

1

1

BEA0ENT8

Vi OZ. magnesium ribbon

3 packages filter paper, 5" diameter
1 oz. phosphorus (yellow)

4 oz. mercuric oxide

8 oz. potassium chlorate

4 oz. manganese dioxide
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4 oz. sulphur

1 oz. sodium

1 lb. granulated zinc

1 lb. sulphuric acid

Litmus paper

1 lb. marble (get at stone-cutter's)

1 gallon wood alcohol

1 quart gasolene

1 lb. quicklime

2 lb. iron filings

6 inches platinum wire
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MEASUREMENT

The first subject dealt with in physics should be the

metric system of measurements and the practical method
of measuring lengths, areas, and volumes. The pupil should

be made familiar witli the length of the metric units by
actually using them repeatedly in making measurements,
and the relation between the English and the metric units

should be found out by the pupil's own investigation and
not merely by dictation on the part of the teacher.

Pupils entering the High Schools are careless in

making measurements; they have little or no idea of the

extreme accuracy necessary in building up the laws of

science, and great pains are necessary on the part of the

teacher in order that accuracy of measurement and obser-

vation shall become a habit. The path to success depends
much on the first month while these early measurements
are being made. The teacher must assign measurements
of such a nature that he can readily detect how accurately

they are performed. Examples of this kind will be given

further on. Then he must keep the pupils at each of these

measurements till they do them carefully and accurately.

A week spent at one or two measurements seems a long
time, but it may save much trouble later on.

The best rulers for pupils' work are the little celluloid

ones marked on one edge in millimetres and on the other

191
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in fractions of an inrli ; these also arc the cheapest. If a

thick ruler is used, it must always \k placed on edge.

A pupil, in measuring a distance, should not use the

end of the ruler as a starting-point, but always a point

near the end—say the ten- or twenty-millimetre mark.

This is necessary because the first division on cheap rulers

is seldom accurate.

The terminal point of measurement will very fre-

quently lie between two divisions on the ruler. Train the

pupils to divide this space by tlie eye and to state what

decimal fraction of the division indicates the position of

the terminal point, and thus get the distance accurate to

one decimal point beyond that for which the ruler is

graduated.

All measurements should be expressed in centimetres

and decimal parts of a centimetre, and in inches and

decimal parts of an inch; never allow inches to be ex-

pressed in vulgar fractions. Each measurement should

be made at least three times and the average considered

correct.

Before discussing methods of measuring different ob-

jects and, in fact, before entering upon the study of any

topic, it is well to give the pupil an opportunity to think

out a method of procedure for himself and to realize the

difficulties to be overcome. This can best be accomplished

by setting a series of questions for home work, the answers

to be written in books and discussed in class; this should

be done as a preliminary to the study of every topic that

lends itself to such treatment. The following are suggested

as suitable sets of thought exercises preliminary to dealing

with measurement

:
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1. Explain as carefully as possible how you would
obtain an accurate measurement of:

(1) The greatest breadth of the trunk of a tree

(8) The thickness of one page in a book

(3) The diameter and circumference of a cent

(4) The internal diameter of a glass tube

(6) The length of coast-line of Lake Ontario

(6) The distance from Montreal to Toronto.

8. If a circle were described on paper ruled in square

millimetres, how could you find approximately the number
of square millimetres it contained?

3. How would you find approximately the area of On-
tario from the map in your school geography ?

4. How would you measure the volume in cubic centi-

metres of:

(1) A brick

(8) A salmon can

(3) A quantity of shot

(4) An irregularly-shaped pebble

(5) The air contained in a Florence flask

(6) A tack.

It is needless to say that all of the above would not be
given for one lesson. The methods suggested by the pupils
will sometimes be crude, but wise correction of the defects
will aid them to arrive at sound methods.

As has been directed already, experiments should be
devised whose accuracy can be gauged at a glance. The
following are suggestive experiments tliat may be per
formed:

1. Let a line be drawn on the science note-book and
needle pricks placed in the line at A and B. Let the dis-
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tance between A and B 1)e measured in centimetres and in

inches, and have results tabulated as follows

:

No.
Distance in

Centimetres
Distance in Inches

Distance in Inches
-9-Distance in

Centimetres

1

2

S

The last column, of course, gives the number of centi-

metres in an inch, and the teacher can detect the accuracy

of the work in an instant, as the results in column 4 should

all be the same.

8. Let the pupils draw a right-angled triangle, ABC
right-angled at B, and measure its sides. Then let them

fill out the following table on the black-board

:

1 AB BC C A ABXAB+BCXBC C AXC A

1.

2

Ft,

The accuracy of the work can be judged at a glance from

the difference in results in the last two columns.

3. Let them measure the diameter and circumference

of a cent and And how often the diameter is contained in

the circumference. The diameter can be measured by

placing on millimetre squared paper. The circumference

is best found by encircling the cent with a thin paper band

;
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where the two edges overlap, prick with a pin and measure

between the two pin-pricks. If the circiinifcrcncc of a

glass tube i.s to l>c found, it should be encircled by a thin

wire, say, five times ; then the length of the wire measured

and divided by five.

PBACTICAL MEASUREMEN'TS IN ABEA8

1. Draw a square 10 cm. to a side on squared milli-

metre paper ; draw heavy lii.os so as to divide it into square

centimetres. By counting have the pupils fill in the blanks

in the following

:

1 sq. dm. = — gq. cm. = — sq. mm.

2. Measure the length and breadth (a) in inches, (5)

in cm., of a sheet of foolscap. Calculate its area in square

inches and in square centimetres, and find out how many
square centimetres in a square inch. Tabulate results.

3. Draw a circle of 4 cm. radius on squared paper and
describe a square on its radius. Count the number of

square millimetres in the area of the square and of the

circle. In estimating the area of the circle a near approx-

imation is reached by counting all the partial squares

within the circle, dividing by two and adding this to the

number of whole squares within the circle. Divide the

first result by the second. It should, of course, give ap-

proximately ^, Tabulate results.

4. Trace a map of Ontario on squared paper and
measure its area as in (.3) above.

Another method of measuring the area of an irregular

figure is to outline it on heavy Bristol-board, cut out the

outline and weigh it. Then weigh, say, 10 sq. cm. of the

8ame material and calculate the area from the weight.
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PUACTICAL MEASUnEMENTS IN TOLUUEH

The pipctto, the burette, and the meaauring glass or

graduate should be utilized for this purpose. In using the

burette, the chief source of error results from not freeing

the glass tip of air bubbles. This can most easily be done

by turning the tip upward, when the air will rise out

of ii

1. Measure the volume of a pint measure in cubic

centimetres by means of the measuring glass.

'
2. Calculate the volume of a metal cylinder (salmon

can) by measuring its height and the diameter of its end;

also measure the volume by immersing in water in the

measuring jar. Compare results. Tabulate.

3. f'ind the volume of a tack, small nail, or bullet, by

immersing twenty of them in a burette.

4. Test the accuracy of a measuring glass by (a) the

burette, (6) the pipette.

6, Measure the volume of a test-tube full of sand.

Bead the measuring glass with water in it, then pour in

the sand, and notice the rise.

6. Measure the volume of air discharged at an ordinary

expiration. By means of a tube discharge the air from the

lungs into a large sealer filled with water and inverted in

water. Use the measuring glass to find the amount of

water left in the sealer and also to find the amount of water

the sealer is able to contain; the difference is the volume

of the air.

MEASUBEMENT OP MASS, DENSITY, AND SPECiriO QBAVITY

A prime requisite for science work is one or more suit-

able balances. English firms now manufacture excellent

ones for ten dollars or less. The balance should weigh up

to 500 grams, and should not weigh beyond centigrams;
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one in which the decigrams and ccntlgruniH are incasiirctl

by a sliding rider is most satisfactory, as sninll woij»hts are

difficult to handle and are easily lost. Agate knife edges

are quite unnecessary, and a very sensitive hulnncc is not
by any means a necessity, nor perhaps even n help. If

balances as above cannot bo provided, good work can ')e

done with small spring balances at

sixty cents apiece. These spring

balances weigh to eight ounces or

260 grams, and any experiment in

the Physics Course can be performed

with them.

A very valuable piece of ap-

paratus for specific gravity work is '

what Professor Hall calls an " over-

flow-can and catch-bucket" (Figure

1). The overflow-can is a small

cylindrical copper vessel with a spout

from near the top sloping gradually

downward. The catch-bucket is a

small can made of thin copper,

which will hold three or four

ounces. It must have a handle. Rub
vaseline inside the spout, to insure

the rapid and complete drainage off

of the water. A still simpler form
(Figure 8) can be made by select-

'''""'

ing a lamp chimney with a very narrow constriction
near the top; fit to it a rubber stopper through which
passes a piece of glass tubing. This piece of tubing should
extend to within an inch of the base of the lamp chimney
and should be bent so as to lie near one side of the chim-
ney. The apparatus is put in the ring of a retcrt stand
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with tlio narrow corked end down, and niliil with water

until it overflow* into the Klaiw ti'lw. Then, when any
IkmIv i» immersed in the chimney, itii volume of water will

flow out throU({h the tuhinjt. (See Ontario High School
Laboratory Manual in Physics, page 84.)

A Florence flask with a mark filed on the neck, if used

carefully, gives very satisfactory results as a specific gravity

bottle.

In auapsnding solids use a horsehair.

In weighing any solid in a liquid brush off all air

bubbles with a feather. Also brush off the air bubbles from
the inner surface of a flask when in contact with a liquid.

PRELIMINARY PROBLEUS TO BE OITEN

FOR SOLUTION AT HOME

1. Explain exactly what is meant by saying lead is

heavier than water.

3. You have 1 cc. of each of the following substances

:

arrange them in order of their weight, placing the lightest

first—water, pincwood, coal-oil, iron, glass.

3. How would you find the weight of a cubic centimetre

of water, if you had a burette and a balance?

4. How can an iron boat float on water?

5. H you had 1 gr. of each of the substances in (.),

how would you arrange them in the order of their size?

6. How would you find whether a given solid is heavier

or lighter than water?

7. How do clouds composed oi drops of liquid water or

ice remain floating in the air?

EXPERIMENTS TO BE PERFORMED

1. Prove Archimedes' principle for solids that float and

fur those that sink ill water. (Hall and Bergen, Text-hook
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Of Pkgna,. pago 1«) SiK^ nuKlcl ,.x,K.rimrnt. page ISO.
Ubo a piece of wo<«I an a Kiilmtance that ll(.at«. Before
using such a pieco, it Hhould s.,akp<l tlioroiiKhly in paraffin.
Thin can Iwst lie accompliBhed l,y immeniiiis it in a tin of
paraffin and leaving it thus on tlio stove for twelve houn.
(Hall and Bergi-n, Text-book of Physic, page 83. and
Onlano High School Laboratory Manual in Pkunci
Exercise 81)

8. Find the specific gravity of salt solution, using speci-
fic gravity Mtle (Gregory and Simmons, I.essonV in
Sctence. page H'.)

; also by weighing a glass stopper in air,m ws^er, and in salt solution (Hall and Bergen, Text-
book of Plnj^xc., page 85); also by burette and balance
(Watson, Practical Physics, page 36).

3. Find the specific gravity of a glasa stopper.
(Gregory and Simmons, Lesson, in Scienr-, page 23)

4. Find the specific gravity of a pit. of wood TTsn

z!::r- ''r"
"- ^'^ -' "'-' ^-^ un^l iter l

6. Find the specific gravity of a rectangular block bvmcasunng and weigliing, and verify the volume, as mej.ured. by immersiag it in the overflow-can and weighingthe water that runs out.
"e'Kuing

nc gravity Specific gravity is "the number of times asubstance is as heavy as the same volume of water "T,;!^pro^abjy the best form of the definition forT«nL pu^
^

Tt nt,h,
""'"''' ''"' "" ^"""'" formula for workingout problems in specific gravity, nor. in fact, for ZJttte lower school work, but each problem should U, reZSout ,n concrete form. Emphasize the idea that in Into^
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the specific gravity of a substance the endeavour must be,

first to find the weight of the body, and then its volume.

This will greatly help in the solving of problems.

HTDE08TATICS

The chief features to be emphasized are:

1. That pressure in a liquid increases with the depth.

2. That the pressure in a liquid is exerted at right

angles to any surface in contact with it.

3. That the pressure on any horizontal surface does not

depend on the size of the containing vessel, nor on the

amount of liquid, but on the vertical distance from that

surface to the surface of the liquid, and also on the area

of the surface.

4. That if a liquid is pressed on one square centimetre

with a force of one gram, that pressure will be transmitted

throughout the liquid and, wherever the latter comes in

contact with a surface, it will press each square centimetre

of that surface with a force of one gram.

5. Archimedes' principle, which has been already dis-

cussed.

These topics lend themselves to illustration by some

very simple experiments that pupils can perform as well or

better at home. Wherever home experiments can be used,

the teacher should give very explicit directions and con-

sider the results obtained by the pupils before having them

perform in school the more complicated experiments which

require apparatus not available at home. The following

are suggested as a typical set that might be performed at

home

:
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EXPEBIMENT8

1. Observe carefully the water in a kettle, and find U
the levels in the spout and in the kettle are at the same
height.

2. Fill three bottles with water, invert one in water
and one in air; into the third put a cork with a small hole
in it and invert in air. Explain the results.

3. Thrust a large empty pail, bottom down, into a tub
of water, and decide which way the water is pushing the
pail.

4. With a darning-needle make a hole in the bottom of
a paper pail such as is used for carrying oysters or cream.
(An empty tomato can will answer, and in this case the
hole may be made with a small brad. ) Thrust it down into
water, bottom first, and wateh the water enter through the
hole; thrust it quickly to different depths; note the force
with which the water enters the hole at varying depths.

6. Using a similar can or pail, make three similar holes
through the side at varying depths and fill the vessel with
water; note the force with which it issues from each hole,
and decide how the pressure changes with the depth.

The above experiments are examples of many that can
be given on different topics for home work ; in this way the
teacher can economize school time and probably create an
interest in science in the home circle as well.

The experiments frequently used in our schools to illus-
trate the five properties mentioned above require expensive
apparatus or are difficult to manipulate and unsatisfactorym results. For the following experiments the apparatus is
simple and the results easy to obtain; each pupil should
perform them.
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1 Relation Between Pressure and Depth.—{Qregpry

and Simmons, Lessons in Science, page 37) In perform-

ing this experiment, pupils should use as deep a jar as

possible, and make sure that the small arm fills with water.

If air bubbles stick in it, work up and down in it a straw

or sliver of wood, holding it under water. Mercury is

poured through the =mall arm until it nearly reaches the

top of this arm.

2. Pressure Depends Only on Depth, not on Amount of

Wa«er.—(Gregory and Simmons, Lessons in Science, page

38) As a substitute for a narrow-necked bottle, the student

might use a funnel or a lamp chimney made to fit on the

U tube by a rubber stopper with a piece of glass tubing.

MM
u i

lyj

3 Pascal's Pnnciple.—lt a hollow metal globe with

openings covered by rubber is used, after the globe is filled

with liquid let the whole piece of apparatus be immersed
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in water to prevent premature bnlging of the rubber mem-

branes. A pressure applied inward upon one membrane

then produces an equal bulging outward on all the others.

The principle can be equally well illustrated with a hollow

rubber ball. Puncture it in a number of places with a sew-

ing needle ; then through a small hole cut in the ball fill it

with water; if the ball is now squeezed while a finger is

held over the hole, the water will be projected from the

different punctures to approximately the same distance.

4. Pressure is the Same in all Directions.—Take a set

of tubes as in Figure 3. They must be made of tubing

not more than 6 mm. in diameter. Each piece must be

bent, as in the Figure. When immersed to the same depth,

the water is forced into each tube, and the air transmits

the pressure of the water. Mercury is placed in the bend

of each tube, and the diflerenae of level in the two arms

measures the pressure the water exerts n- the inclosed air.

5. Water Seeks its own Level.—In the bottom of a

lamp chimney fit a cork stopper through which three or

four holes are bored. Bend % in. tubing, as in figure 2,

and pour water into the lamp chimney. (See Milliken

and Gale, p. 44.)

Use the principles proven above to explain such phe-

nomena as fountains (water seeks its own level), water

pressure in waterworks system (Pascal's principle), forc-

ing of corks into bottles immersed in deep water (pressure

increases with depth), heavy iron-ribbed helmet for head

in diving-suit (pressure increases with depth), flowing

wells (water seeks its own level), an iron boat floats

(Archimedes' principle), hydrostatic press (Pascal's prin-

ciple), hydraulic elevator (Pascal's principle).
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PNEUMATICS

The explanation of all the phenomena of gases should

be based on a careful experimental demonstration of the

following propositions:

1. Air has weight.

Z. Ail exerts pressure.

3. Air, unlike liquids, expands indefinitely, and Ur

volume varies itwersely as the pressure to which it is sub-

jected (Boyle's Law).

4. Pressure in air is equal in all directions.

1. Air has Weight.—The simplest way to prove that air

has weight is to place a little water in a round-bottomed

flask and fit to it a rubber stopper with a glasr tube in-

serted ; on the outer end of the tube place a short piece of

pure gum rubber tubing; boil the water in the flask until

all the air is expelled, then close the flask by a pinch-cock

attached to the rubber tube, taking away the flame at the

same time. Weigh the flask carefully when cooled, sus-

pending it by a thread ; "-hen, leaving it still on the balance,

open the stop-cock; the air can be heard rushing in and

the balance pan goes down. This experiment can be suc-

cessfully performed by omitting the water and sucking the

air out of the flask by the mouth. To make sure that no

saliva adheres to the tubing when sucking out the air, in-

sert ^ piece of glass tubing into the rubber and, after ex-

hausting the air, withdraw this tube.

2. Air exerts Pressure.—The barometer, of course, is

used to measure the air jiressure. The most suitable form

for the pupils is the siphon barometer (Gregory and Sim-

mons, Lessons in Science, page 42). The short piece of
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tubing should be twelve inches long, and a funnel should

be attached to it by rubber tubing through which the mer-

cury ie poured. When making a barometer of the cistern

type, it is well, when the tube is filled to within two inches

of the top, to invert the tube several times, as the two

inches of air sweeping along will drain the mercury of air

bubbles. When the tube is filled, do not close the end with

the thumb, as many text-books direct, but with the first

finger, and the inversion will be much easier. A barometer

tube with the open end expanded like a thistle tube is now
for sale by certain dealers. Such a tube is useless, as are

tubes with a bore so small that mercury will run down

into them only with the greatest difficulty.

Tor use in the barometer, the mercury must be clean

and dry. The simplest way to clean mercury is to add

water with a little nitric acid in it and shake thoroughly

for some time; then rinse v.ith water till all the acid is

washed out, drain off as much water as possible, absorb

the rest with blotting-paper, and strain the mercury several

times through a dry, clean towel ; it may finally be filtered

through ordinary filter paper with a few needle holes

punched in it.

Be sure to show by slanting the barometer tube that the

air pressure is measured by the vortical distance between

the two '

vels and does not depend at all on the length of

the mercury column.

Pupils are slow to grasp the fact, even after the bar-

ometer is explained, that the air presses on the whole sur-

face of the earth with about the same force as would a sea

of mercury spread over its surface 76 centimetres deep.

This must be made clear, and problems involving finding

the pressure in grams or pounds on given areas must be

worked until the idea of the air's pressure is clear.
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Pupils have no difficulty in grasping the fact that air

forced into a balloon or bicycle tire will press strongly

against the walls, but they fail 3 see why the air in a bottle

merely corked should exert a pressure equal to that of the

outer air. Let them be reminded that as air is. forced into

a bicycle tire by the force exerted on the piston of a pump,

so when the bottle is open, the whole pressure of the air

behind is forcing air into it until a balance is reached. If

this analogy is grasped, it should follow easily that the air

in the bottle, as well as that in the tire, exerts pressure

against the sides of the containing vessel.

Pupils should clearly imderstand the expression "the

pressure is 76 centimetres" to be an abbreviation for the

statement that the pressure of the gas is equal to the weight

of a column of mercury 76 centimetres high, spread over

the surface.

When pupils make a siphon barometer, as described

above, it is instructive to attach a rubber tube to the short

ann and (a) blow down it and thus force air into the short

tube, (6) suck through the tube and thus rarefy the air in

the short arm and observe and explain ine results.

The two factors determining the variations of pressure

at a place are (a) changes of temperature of the air, and

(b) of the amount of water vapour in it The first is

easily made clear to pupils, but vhey almost invariably

think much water vapour should make high pressure. A
good method of dispelling this error is to tell them that if

a cubic foot of dry air and a cubic foot of water vapour

both at the same temperature and pressure are weighed,

the air weighs about one and two-thirds times as much as

the water vapour. If the two cubic feet are mixed, a cubic

foot of the mixture will weigh much less than a cubic foot
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of the dry air, hence moist air weighs less then dry air, and

the moist air will produce low pressure.

3. Boyle's Law.—Two methods are commonly adopted

for proving Boyle's law (o) that with a J tube with the

short arm closed, and (b) that with a stationary closed tabe

and a sliding open one, the two being connected by a rubber

tube. A method more economical of mercury and with

more simple apparatus and more accurate results, is the

following : Take a piece of glass tubing 1 metre long with a

very small bore (not more than 1 mm.). Half fill it with

mercury by suction ; then, holding it horizontally, seal the

end away from the mercury in the lamp flame (page 183).

The air shut in the tube is the quantity whose volume is to

be measured. Measure the length of the air column (a)

when the tube is horizontal, (6) when vertical with the

open end up, (c) when vertical with the open end down.

If P is the height of the barometer and L is the length of

the mercury column in the tube, the pressure in the first

ease is P, in the second case P + L, and in the third case

P— L. Results may be tabulated as follows

:

Volume

VVV

Pressure

P
P + L
P-L

Pressure X Volume

V'xP
(P + L) X V,
(P-L) X V*

Other pressures and volumes may be obtained by hold-

ing the tube obliquely and measuring the vertical distance

from the upper to the lower end of the mercury column.
(Remember the slanting barometer.)

In examining the results, it is well first to prove from
observations that the product of the pressure by the volume
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is ponstant, then from this result the pupil can be easily

made to deduce the usual statement of Boyle's law.

Emphasize the fact that the quantity of gas is un-

changed in all the measurements of pressure and volume,

and be sure the pupil realises that it is the pressure the in-

closed column of gas exerts that is being measured—not

the pressure exerted on the gas.

4. Gases Press in Every Direction.—This is illustrated

in Gregory and Simmons, Lessons in Science, page 41.

A number of very instructive experiments, in which

only glasses and bottles are necessary, can be assigned for

home work preliminary to those of the laboratory. They

can be gathered from any text.

Air pressure is utilized in many pi - cs of apparatus,

such as the siphon, air-pump, water pumps of various

kinds, air-brake, pneumatic tires, pneumatic tubes, etc.

Some of these should be explained, and models, or better,

the machines themselves, should be examined and sketched

by the pupils. It will be found that most of them can

be explained by the application of Boyle's law.

If the following principle dependent on Boyle's law is

first explained, it will apply to all the pumps and many

other pneumatic machines. If part of the air is taken

from an inclosed space, the remainder expands to fill the

whole volume, and hence the pressure is decreased ; if more

air is forced into an inclosed space, that means that a

volume of air is crowded into a smaller space, and hence

the pressure will increase according to Boyle's law.

Let these properties of gases be used to explain balloons,

clouds floating in air, and settling of dust from the air.

As examples of wind pressure, the working of wind-

mills, the flying of kites, the sailing of ships, and the de-

structiveness of severe storms may be used.
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After having examined the properties of liquids and
gases, the distinctions between them and solids should bo

treated.

By drawing attention to such things as expansion by
heat, solution, evaporation, diifusion, etc., lead up to the

correlation of these phenomena by means of the molecular
theory of matter and the kinetic theory of gasep.

The distinction between solids, liquids, a..,, gases in

terms of the molecular theory may then te stated. Em-
phasize that this is • convenient theory, but not an actual

observed fact.

MECHANICS

The Lever.—This is perhaps the simplest to under-
stand, and the teacher might well have the pupils experi-

ment with it first. Have them perform experiments 56
and 69 in Watson's Elementary Practical Physics.

Describe the three classes of levers according to the

relation of the fulcrum, resisting force, and acting force.

Give examples of levers, such as a claw-hammer, sugar-

tongs, pliers, pump-handle, scissors, nut-cracker, crowbar,

wheelbarrow, oar, grocer's balance, the bone of the fore-

arm, etc., and let the pupils classify them.

The Inclined Plane.—For experiments with the in-

clined plane, have the pupils perform experiment 71, Wat-
son's Elementary Practical Physics.

Half i dozen triils should jbe made, varying the load on
the cart and the iniflination of the plane.

PcLLtTS.—Pulleys will have to be bought, as spools

with ironj axles through them, even when well greased, do
°9*

. ^Y? 'Y^ry accurate results, but they are better than
none at all.
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Htng a lingle pulley from a retort stand and paM a
thread over it attached at each end to a Kale pan ; then put
a weight in one pan and add shot to the other ontil the

first weight just begins to move up. Weigh the shot (He-

peat with different weights.) It will be seen that in each

case the shot and its pan weigh slightly more than the

weight and its pan; the less friction there is the more
nearly the two approximate. All the advantage a single

pulley in this way can give is an advantage of position.

Next, tie a string by one end to the lower side of a

beam and, holding the other end loosely in the hand, hang
a pulley with a weight attached in the loop, so that the

P"lley rests on the string. Attach the free end of the

string to a spring balance, and hold the latter so that the

two parts of the string are vertical; then read the pull

registered on the balance as it is pulled up when different

weights are suspended from the pulley. When the hand
holding the balance moves up a foot, measure how far up
the weight moves. If W is the weight of the pulley and

its attached weight, F the weight registered on the spring

balance, Di the distance through which the weight moves,

and Da the distance through which the spring balance

moves, tabulate the results as follows

:

w WX'D, FX Di



UECHANICB 211

Beprat the experiment eeveral times, uaing different

weight! and moving through different diatanees. It is not

adviiable with the lower ichool work to discuse the three

»y»teia» of pulleys.

The three simple machines, the lever, the inclined

plane, and the pulley, can all be shown to involve the one
principle, namely, that tht weight, multiplied by the di$-

tance thfwtgh which it movet, equalt the force, multiplied

by the diitance through which it moves.

The other machines are not suitable for simple experi-

mentation and may be merely referred to. The attention

of the class should be called to the fact that all machines,

no matter how complicated, are but combinations of these

simple machines. (Analyse the bicycle into a combination

of the wheel and axle and puUey.)
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WORK OF SECOND YEAB

HEAT

The mo«t important special apparatM for iucoewrful

cxpcrimont» in heat is a good supply of thermometers.
The ordinary laboratory glassware suffices for the remain-
ing articles needed. There should Ixs one thermometer fur

each pupil, or for each group of two. The most suitable
ones are chemical thermometers about ten inches long, and
of such (fiamctcr as to pass easily through the hole in a
rubber stopper. They should be graduated from—10°C.
to 110°C. and should be divided into deirec Those with
a paper scale inclosed in a glass tube are satisfactory and
are the cheapest.

Before beginning experiments the pupils should ex-
amine the thermometers, make careful drawings of them,
learn what the marks of the scale mean, and read the tem-
perature of the room from the scale. The temperature
should always be read to tue first decimal point; if the
mercury stands Ixitwecn 23° and 24°, have pupils under-
stand that they should not read it 2.3°, l)ecause it is closer

to 23° than to 24°, but that the part of a space beyond
23° should be estimated by the eye and the temperature
recorded in degrees and a decimal. In reading tempera-
ture, pupils should learn to wait until the mercury be-

comes fairly steady; a temperature read while the mer-
cury is rapidly rising or falling can, of course, never be
very accurate. Always stir a liquid thoroughly so as to

make it as uniform as possible before determining its tem-
perature.
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SouRCKs or Heat.—A brief diwuiwion on thia lopif in

•11 *hat ii nccciwary. The student's own cjcpcrionco will

iuppiy abundant example* of heat being derived from
friction, chemical change, and electrical cncrjfy, and, ac-

cordingly, cxperimenU to illu«trato »uch facts are hardly
necesMry. The facta that condettmtion of a gas causa it

to become xearmer and expansion causes it to hrcome cooler
arc not so familiar and should bo illustrated by experi-

ments. A bicycle pump should be used to condense air in

a tiro or rublwr football; the pump soon becomes quite
warm from the heat produced by the condensation. The
pupils who have bicycles will have observed this. By
moving the piston rapidly up and down when no - is

heing condensed, convince them that the heat is not a
result of the friction lictwcen the piston and the barrel ; the
heating is not produced. If the condensed air is let out
of the football or tire, and u thermometer is held in it as

it escapes, the temperature will drop, showing the result

of the expansion of the gas. Tliesc facts should be made
perfectly clear on account of their far-reaching importance
in physical geography. On these is based the chief explan-
ation of tlie formation of clouds, as air currents rise to

higher regions where pressure is less. There these currents
expand and become chilled as a result of their expansion,
and the moisture in them condenses to form a cloud. This
is the most common cause of cloud formation.

EsPANsioN OP Solids, Liquids, Gases.—Neither a ball

and ring nor a pyrometer is necessary to show the e
,
«.i-

sion of solids by heat. Place a metre stick over the top of
the rod of a retort stand, using the rod as a fulcrum, and
let 95 cm. project beyond one side and 5 cm. beyond the
other. Fix the end of the short arm in any convenient
way, so as to keep the metre stick horizontal (a snppor.
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beneath the end and a weight upon it will serve the pur-

On a card fixed behind the long arm, the height of the

end of the latter is marked. The iron stem of the retort

stand is then heated by means of a spirit-lamp, and the end

of the long arm will very soon begin to rise; on with-

drawing the lamp it will very soon begin to fall. The usual

methods for showing the expansion of liquids and gases by

heat, by means of a flask full of liquid or gas with a tube

projecting, are described in all text-books. (Gregory and

Simmons, Lessons in Science, page 100)

Temperature.—This is a difficult term to define. The

analogy between bodies at different temperatures and be-

tween bodies of water at different levels will be helpful.

When the bodies of water are connected, the water flows

until the levels are equal; so if two bodies are united by

something through which heat will flow (a conductor),

the one from which heat flows is at a higher heat level than

the other—in other words it is at a higher temperature.

Temperature can be considered equivalent to " heat level ".

THERMOMETRT.-The pupils should test the fixed points

in a Centigrade thermometer by immersing the bulb m

melting ice and in boiling water (Gregory and Simmons

Lessons in Science, page 106). Also let the bulb be placed

in steam. Have the pupils ascertain the effect produced

on the melting and on the boiling point by adding salt to

the ice and to the boiling water. They should watch care-

fully the changes in the water as its temperature rises to

the boiling point. Long before it hoik bubbles of air ap-

pear on the sides of the flask or other contair r and rise to

the top; then bubbles of steam appear at the bottom but

are condensed before they reach the top; finally the bubbles
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of steam v'lidi start at ii e bottom break through the top,

and the w. ler is said tc boil.

The cflcjt 'J n.--^ssure on the boiling point should be

illustrated by experiments. For pressures bulow normal,

the usual method of illustration is that with the flasit of

water which is boiled, stoppered and inverted and then has

water poured over it (Gregory and Simmons, Lessons in

Science, page 127). In this e.\pcriment there are two
directions to be ol)Served; be sure to use a round-bottomed

flask, and pour the water on it carefully; if these direc-

tions are not heeded, the flask will probably be broken.

There is a very simple method of illustrating very

accurately and quantitatively the effect of increased pres-

sure on the boiling point. A Florence flask half filled with

water is fitted with a rubber stopper having two holes;

through one hole passes a thermometer whose bulb is in

the water, through the other is passed a tube bent twice at

right angles ; the short arm of the tube passes just through
the stopper, the other arm should be twelve or fifteen inches

long. Boil the water and read the temperature when
steady. Now pass the long arm to the bottom of a deep

vessel of hot water ; keep the flame strongly under the flask

while this is being done and afterward. Wait until the

thermometer becomes steady and read the temperature of

the boiling water, which now will be higher. The steam

now has to overcome the air pressure plus the pressure of

the water column between the bottom of the long arm and
the level of the hot water in tlie deep vessel ; measure this

depth. Estimate it in millimetres of mercury. By adding
to it the barometric pressure, the pressure corresponding

to the new boiling point is ascertained. By having differ-

ent heights of water in the deep vessel, the pressure can be

varied within certain limits.
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In explaining tlie ditferent thermometers and the illa-

tion among them, it is best to draw three thermometer

tubes on the black-board all of the same length and at the

same height. Draw a horizontal line through each, and

call it the boiling point ; draw another and call it the melt-

ing point. Write the names of the thermometers—Centi-

grade, Absolute, and Fahrenheit—above each thermometer

and mark the fixed points in each as 0°C., 100°C. ; STS'A.,

arS-A.; 32°F., 218°F. It is well to introduce absolute

temperatures in this way, as they are put on just the same

basis as the others. There is no mystery about them, and,

when Charles' law comes to be formulated, there will be no

difficulty in using them.

The general formulae for converting Centigrade to Fah-

renheit or Absolute, etc., should not be given to junior

classes. In fact no general formulae should be given them,

as they use such helps mechanically, and the advantage of

reasoning out problems is lost. After using the drawing

on the board to show that 1°C.=1°A.=9/5°F., give the

pupils the general caution always to reckon temperatures

from one of those fixed lines, preferably the melting point

and, before doing any converting, to reckon how many de-

grees the given temperature is from the melting point.

Let them always have before them such a drawing as the

one oh the black-board when converting from one scale

into another.

Example 1.—What would -40» C. be in the Fahrenheit scalef

-40° C. is 40° C. below the melting point.

••. it is J of if°=72° P. below the melting point.

But the melting point ia 32* F.

.•, 72° F. below melting point is —40° P.

KiompI« «.—What temperature ia 41° P. in the Centigrade

calel
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The temperaturo is 41° F., but melting point is 32° P
.-. temperature is 41-32=9' F. above melting point.

'

..temperature is f off =5° C. above melting point.
But melting point is 0° C.
.•. 41° P.=s° C.

Anomalous Expansion of Water._A simple, easily
worlccd eicperiment to illustrate this is a dcsideratmn.
Hopes experiment is perhaps the most satisfactory one.
pvatsons Elementary Practical Physics, page 165) If
temperatures are read every mmute, it will be noticed that
the top temperature changes very little till the bottom tem-
perature reaches 4°C., then the bottom one remains steady
at 4 0. and the top one drops to 0°C., and freezing begins.

Ad experimental proof that - Nearer to the pupils, but
which requires close measurements, is one described in
Ixregory and Simmons' Lessons in Science, page 129

The economical importance of this should be stressed
The water at the bottom of a pond or lake never sinks
much below 4 C, although the upper part is covered with
ice. It 18 m this warmer water at the bottom that fish
collect in the winter.

The diagram in Gregory and Simmons' Lessons in
Science, page 132, illustrates very well changes in volume
of water when heated from -10° to 100°C. It may be
drawn on the black-board and discussed with the class.

Latent Heat.-A very instructive experiment which
forms a fit introduction to this subject is the one describedm Wateons Elementary Practical Physics, page 173

To show that a mixture of ice and water can have only
one temperature, put a beaker containing the ice and water
into a freezing mixture, and put thermometers into both
the beaker and the freezing mixture; if the weter is kept
stirred, it will remain steady at 0°C., although the freezing
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mixture goes very much below tl is point. After five

minutes, transfer the beaker to a vessel containing hot

water and stir the contents of the beaker for five minutes;

the temperature still ron.ains unchanged. Throughout the

experiment, notice which is increasing in amount—the ice

or the water. In the first case, the contents must be losmg

heat, but, as the temperature remains unchanged, the water

changing into ice must give out as much heat as the wf.ter

loses to the freezing mixture.

In finding the latent heat of fusion and the latent heat

of vaporization the usual methods described in text-books

are good. (Gregory and Simmons, Lessons in Science,

pages 148, 151) The trap may well be omitted in findmg

the latter, as it is a constant source of trouble to the pupil,

and is of doubtful utility. In case it is uot used, have the

middle part of the glass delivery tube sloping obbquely

upward, so that any condensed water wUl run ba.k into

the flask. The arm of the glass tube passing into xne cal-

orimeter should be as short as possible.

Specific Heat.—The specific heat of a substance

should be defined as the amount of heat necessary to raise

one gram of the substance through 1°C.

The different capacities for heat of bodies can be well

shown by placing equal weights of turpentine and of water

in two test-tubes and letting them stand until they both

are at room temperature. Put a thermometer into each

immerse them in the same vessel of boiling water, and

watch the temperature. The temperature of the turpen-

tine will rise much more rapidly, although they must both

receive heat at the same rate, as the surrounding conditions

are the same and both are non-conductors

In the quantitative experiments with heat, a great deal

of the success of the results depends on care and accuracy
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on tlie part of the pupil. Quickness, care in reading tem-

perature, and a dozen other things must be attended to.

The sources of errors should be thought out by the pupil,

and he should decide how they would affect the result. In
fact after the record of each experiment is made, lie should

statf. the sources of error and how he would make the error

as STTiall as possible. By " source of error " is not meant
his blunder, but an error that is unavoidable with the ap-

paratus used, if he has read the temperature ;!9°C., when
it should have been 34°C., that is a blunder; but if ice is

added in a " latent heat of fusion " experiment, it is bound
to have some adhering water, which will lead to an error.

That would be called a "source of error". No more
thoughtful exercise can be practised by the pupil than that

of determining the sources of error and how they will affect

the result.

As an illustration, the sources of error in finding the
latent heat of fusion by adding lumps of ice to a glass

beaker of water ot 50°C., until it is cooled to 20°C., may be
stated. (1) The ice will have adhering water. The heat
absorbed by the ice in melting is divided by the mass of ice

melted, but that mass has been taken too large (as some
water was counted ice) ; tlie latent heat will therefore be
too small. This error could be diminished by drying the
ice as much as possible before adding it to the water. (2)
The heat given out by the beaker and thermometer in cool-

ing from 50°C. to 20°C. helped to melt the ice, but was
not counted ; hence there was really more heat absorbed by
the ice than was counted, and as latent heat is got by divi-

ding the heat absorbed by the mass of ice, this error will

make the result too small. This could be avoided by reck-
oning the amount of heat given out by the part of the
glass and thermometer in contact with the water. (3) Part
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of the heat of the water and glass escapes into the air. This

is counted as melting the ice, so that the amount of heat is

counted as greater than it really is. This would make the

latent heat too large. This souree of error can he dimin-

ished by surrounding the beaker with flannel or other non-

eoaductor.

There are many practical applications of the properties

of heat that should be discussed. Under expansion could

be taken the following

:

Why thick glass vessels break when suddenly heated;

what arrangements are made for expansion in laying rail-

road iron, in hot water and steam pipes, in water mains;

the method of putting tires on wheels ; iron bridges having

one end placed loosely on an iron roller ; sagging of tele-

graph wires in the summer ; contorted appearance of iron

pipes and girders in a burned building; why a stove pan is

made of two pieces one within the other ; the appearance

of cracks in the ice of a frozen river or pond ; the breaking

of water pipes by freezing.

LIGHT

Light lends itself especially well to individual experi-

ment, and any apparatus necessary can be constructed by

the teacher or purchased tor a very small amount. A good

deal of the experimental work can be assigned to be per-

formed at home in the evenings, especially where a dark

room is necessary.

The teacher should clearly understand that all the

phenomena studied in connection with this topic depend

on five fundamental properties of light:

1. It travels in a straight line through a homogeneous

medium.
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2. It is reflefted according to the laws of reflection.
3. It is refracted according to the laws of refractiop.
i It is dispersed.

S. It is absorbed.

All images in mirrors, plane or curved, are produced as
results of reflection. All images in lenses are results of
refraction. All colour is a result of dispersion and ab-
sorption. These five fundamental properties of light should
by illustrated by experiments and made perfectly clear, and
should then be applied to explain some of the common
phenomena of our daily life.

Light Tbavelb in a Straight Line.—This is best
illustrated by the experiment in Gregory and Simmons'
Lessons in Science, page 170.

The following are explained as a result of this fact:
1. The image produced by the pin-hole camera
2. Shadows

3. The law of inverse squares.

Have each pupil make a pin-hole camera at home.
(Gregory and Simmons, Lessons in Science, page 170)

Let each pupil study images produced by this camera
as to size, position, colour, etc., and also notice the effect
of placing the tissue-paper screen nearer to and farther
from the pin-hole. The explanation of the formation of
this image is difficult to make clear to students. The fol-
lowing method may help: Consider each point of the
candle flame to be shooting out rays (like bullets) in all
directions, then only one "light bullet" from each point
will pass mto the tube, namely, the one that goes in a
straight line through the pin-hole ; those striking the tissue-
paper screen are visible to the eye, and every point in the
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candle flame will be represented by its corresponding point

on the screen. It is easy to see that the ray shot from the

top of the candle flame will hit the screen at the lowest

level, and vice versa ; the ray shot from the right will strike

at the left of the screen; all points will be reversed, ver-

tically and horizontally; hence the image is inverted both

laterally and vertically. The lateral inversion can be seen

by looking at the image of a house or tree as formed by the

pin-hole camera.

Shadows.—These can be studied by the pupils at home,

and the results recorded in note-books and discussed in

class. The teacher must give very specific directions, how-

ever, or the work will not be well done. Let the lamp

flame and the sun be used as sources of light; use opaque

objects larger and smaller than the lamp flame and examine

the shadows on a screen at different distances. Such ob-

jects as a cent, a marble, a piece of square cardboard, a

hair held vertically, etc., should be "sed to produce shadows.

Plane Mirrors,—For proving the laws of reflection

and studying images in plane mirrors, the simplest and

most satisfactory mirror is one made from a piece of win-

dow glass about five inches long and one inch wide. Paint

one side of it with a dull black paint and use the other as

the reflecting surface; images seen in it will not be so

bright as in a silvered mirror, but they are bright enough.

In an ordinary silvered mirror, all rays are refracted twice,

once when entering the glass and once when leaving it, and

this interferes with results to a considerable extent; with

the glass painted black, all reflection takes place from the

front, as any rays that enter are absorbed by the black

paint. This glass should be fastened by passe-partout to

a block of wood 5" x 1" x 1".
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The laws of reflection can be proven by means of this
glass Bs follows: On a sheet of paper, pinned down, rule a
line, and place tho front of the mirror nlonf; this line.
Place two puiK in a line oblique to the mirror; have the
heads oi the pins tlie same height aljovc the paper, then
place two more pins in the paper so that thu>- are in line
with the images of the first two pins seen in the mirror.
Push the four pins to such a depth that the head of the one
nearest the eye covers from view the head of the second
and the images of the heads of the first two. By removing
the pins and mirrors and ruling lines along the incident
and the reflected rays as indicated by the i)in-holes, then
drawmg a perpendicular at the point of incidence and
measuring carefully with a protractor the two angles, the
first law is proven

: that is, the angle of incidence it equal
to the angle of reflection.

By measuring the heights of the heads of the four pins
above the surface, their Iieads will be proven to \ye in the
same plai

. and as the heads appeared in line, the rays
travelling along the heads of the first and second must
have been reflected along the heads of the second and third,
hence the two rays were in the same plane, and this plane'
was parallel to the paper or perpendicular to the mirror.
This proves the second law, namely, that the incident ray.
the reflected ray, and the normal to the surface at the
point of incidence are all in one plane.

Images.—In dealing with plane and spherical mirrors
and with lenses it is necessary generally to find accurately
the position of the image. If the image is real, it can be
shown on a screen and hence easily located, but if it is
virtual it is often very difficult to locate. By what is called
the method of parallax, image..; of cither kind can be very



224 PHTBICS-flECOND TEAS

euily and very accurately located. This n well explained

in Watson'a Elementary Practical Pkyiice, page 130.

Apply this method to find the pogition of an image of

an object a« seen in a plane mirror. (Wataon'a Elementary

Practical Physics, page 131)

After some practice, the pupila will be able to locate

images in this way rapidly and accurately. By this method

of parallax let them find the images of a pin placed be-

tween two mirrors when parallel and when at an angle, and

thus prove the laws of the position of such images; for

insUnre, in the latter case, that they are on the circum-

fere*\ct ot a circle.

Hefhaction.—This phenomenon can best be studied by

means of a prism with flat ends and with a square piece of

thick plate glass with two opposite sides polished. A piece

of glass, such as is used to cover the smaller weights in a

box of weights, will do; several microscopic slides piled on

one another will also answer very well. The glass is placed

on a paper, and lines A B and C D are ruled on the paper

along its polished sides. Place two pins at jt and « and
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then, looking through the glau, place a pin at / io that

the three pini at g, e, and / appear in a itraight line. After

taking away the glasa, complete the Figure as in the draw-
ing. With centre « describe a circle cutting 'F and eg in

h and m, and from h and m draw lines at ri){ht angles to

the normal through $. and the ratio of hk to mn ig the

index of refraction. This experiment should Ijc reiwated
three times with the pins g and e at different positions.

Results should be tabulated as follows

:

No. hit mn hh

1

„

3

At once the result can be generalized. (See Ontario
High School Laboratory Manual in Physics, Exercise 79.)

The course of a ray from air to water can be traced in

an exactly similar way : Rule a straight line on a board,

and place two pins in the board, one of which is on the
line. Place the board on edge in the water so that one pin
is below the water and the level of the water is along the
line ruled, the second pin being just above the water level.

If now a third pin is placed in the board above the water
so that the three pins appear in line, then the rays can be
.'raced as before and the results tabulated.

The course of a ray can be followed through a triangu-
lar prism in a similar way, and the pupil will observe that
the ray is bent toward the base both in entering and leav-

ing the prism.
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For home work a aeries of aimple experimenti may be

given in observing Bubstances placed in water, or partly in

water and partly alx>ve water.

DispERsio.v.—Experiments to illustrate this phenome-
non are not easily performed. The room must \te as dark

as possible; s narrow pencil of light should be admitte<l

through a very narrow slit cut in the window-blind and a

prism held in front of this; then a spectrum will be cast

on the screen. A spectrum can be produced with a gas

flame or lamp flame if the room is quite dark. Inclose the

lamp in a box with a slit on one side, about 2 cm. long and

2 mm. wide. Turn the edge of the lamp flame to the slit.

If a prism is now placed in front of the slit, with its edge

vertical, a spectrum will lie produced on the screen, and, by

placing different coloured papers in the different parts of

the spectrum, the facts of absorption can be illustrated. A
pure spectrum can be produced by this method if, before

the prism is interposed, a convex lens is placed a little more

than its focal length in front of the slit, and the screen i»

placed so that it receives the image of the slit. Then

place the prism just in front of the lens, and move the

screen to receive the spectrum, but keep it at about the

same distance from the lens as before.

The spectrum colours can be recombined by placing a

second prism exactly similar to the first just in front of it,

and with its angle facing in the opposite direction.

In all the above experiments avoid holding the prism

or lens in the hand ; use proper holders. Prisms with flat

ends will stand on books or blocks built up to the required

height. Prisms with faceted ends should be avoided.

A rotating disc for combining the colours of the spec-

trum call be made from a disc of cardboard. Two holes

should be made in it on tlie diameter, about haU an inch
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on each lide of the centre. Through the holes run a string

about three feet long and tie the I'nds together. The disc

••an then be made to rotate rapidly after the iimnncr of the
ordinary buzz-saw toy. The colours can be fitted upon it

by cutting circular pieces of paper of each colour and then
ti'king sectors out of each of approximately the snnie size,

i f the disc in rotation appears blue, cover part of the blue
with white ; if red, cover part of the red, and so by trial it

can soon be fitted to show white only.

The colour of an object—say a green one—is often ex-
plained as caused by the absorption of all the rays of light
falling on the obje(!t except the green ones, the latter being
reflected and so causing the Ixnly to appear green. This is

not an exact explanation. The light enters the body, and
all the rays except the green are absorbed ; the green rays
are reflected from the internal parta and pass out again,
and it is these rays iutcrnally reflected that give the colour.

The following experiment will help pupils to gain a
clear conception of the cause of colour in bodies, as just
explained. Paint a bottle having four flat faces with dull
black carriage paint, all but a narrow slit 10 cm. x 1 cm.
on one face. Fill the bottle with a coloured liquid such as
litmus, or a solution of potassium permanganate. The
liquid, viewed through the slit, appears perfectly black, as
all the light passing in is completely absorbed cither by the
liquid or by the coating of dull paint. Now put some chalk
dust in the liquid, and immediately it becomes brilliantlv

coloured, as the rays that enter are internally reflected from
the white particles.

SOUND

The work in sound is not very suitable for individual
experiments, as the apparatus is rather expensive. In pur-
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chasing apparatus, do not buy a supply of small tuning-

forks; the prongs of these should be at least five inches

long and one-half inch wide.

With a little mechanical skill a satisfactory sonometer

can be made (be sure to use piano wire only). Different

tensions can best be obtained by stretching the string over

a pulley and suspending from the end a pail into which

water can be poured till any required tension is produced.

If glass tubes arc not available, good results can be

obtained with cardboard tubes such as are used for mailing

purposes.

ViBKATOBT Motion and Wate Motion.—The first fact

to t'>ach is that all sound originates in a vibrating body,

and experiments to familiarize pupils with the motion of

the pendulum should be performed. Then should be em-

phasized the fact that, while sound originates in a vibrating

body, it is transmitted through a material medium by a

wave motion. The difference between a vibratory motion

and a wave motion must be made very clear, and that

while the wave moves forward through the medium, the

particles of the medium are vibrating back and forth, each

through its point of equilibrium. The particles do not

advance, though the wave does. It must also be made clear

that the wave moves forward a wave length while the par-

ticle makes a complete vibration.

Tbansmission of Sound.—Sound is transmitted

through solids, liquids, and gases, but not through a

vacuum. A very instructive experiment for solids and

gases can be assigned as work to be done out of school.

Let two boys, A and B, station themselves, say, two hun-

dred feet apart along a railway track and, while A puts

an ear to the rail, let B strike the rail with a stone; A will
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• hear the sound twice, the first and louder sound comes
through the metal rail, the second comes through the air-
by varymg the distances between the bovs the interval
between the two sounds can be made to vary.

Pass the stem of a tuning-fork through a flat cork.
Make the fork vibrate and then place the flat cork on the
surface of water in a large dish ; at once tlio sound becomes
louder, showmg that it passes through the water

The ordinary method of illustrating the fact that sound
will not pass through a vacuum is rarely successful in
school practice, even if a good air pump and an electric beU
mclosed m a bell-jar are available. The following method

'

18 fairly successful and might well be tried: Into a round-
bottomed flask of at least a litre volume fit a rubber stopper
w-ith two holes in it. Plug one hole with a short piece of
glass rod

;
through the other put a longer piece of glass rod

with a small toy bell suspended by a thread from the end
which enters the flask. Now place a little water in the
flask, put m the stopper with the su..pcnded bell, and
shake; the bell can be heard. Withdraw the short glass
plug and heat the water in the flask until nearly all the
water IS boiled away, insert the plug again, and at the
same instant remove the flame. Cool the flask by pouring
water over it. The bell is now suspended in a vacuum!
except for a small quantity of water vapour, and, if the
flask IS now shaken, the bell cannot be heard

The ease with which sound can be transmitted throughsome solids may be utilized to make a simple form of tefe-
phone. A circular hole about eight inches in diameter is

sTi'", .^'*r\
°' " ""P '~^' ""'J °^«^ this hole is

retched and tacked a piece of good leather; another box

h/^
"P^^-'^lv; these bo«, are fastened rigidly atthe two stations, such as opposite sides of the street or even
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several hundred feet apart. They are then connected by a

continuous piece of wire which at each end passes through

the centre of the leather and is fastened to a button which

presses tightly against the leather. The wire must not

touch anything between the two stations.

Pitch op Sounds.—This can be illustrated by a toothed •

wheel or stretched strings, and the relation of the pitch to

the length of the string and to the tension should be

illustrated by means of the monochord. A home-made one

can be easily constructed, and piano wire should be used

with it.

Consonance.—This is used in two senses in Physics.

The one probably meant in the Course of Study refers to

the sympathetic vibration that one body takes on from the

influence of another vibrating body in the neighbourhood

When the stem of a vibrating tuning-fork is pressed

against a table, the table begins vibrating at the same rate

and with greater loudness-this we say is an example of

consonance. All sounding-boards act iu a similar manner.

Hesonance.—This can be illustrated best by a tuning-

fork and a glass or cardboard tube one inch or more in

diameter and two feet long. One end of the tube is placed

in a vessel of water and the vibrating fork is placed over

its mouth. The end of the tube is raised or lowered m the

water until the sound reaches its maximum.

Stringed Musical Instruments such as the piano,

guitar, violin, banjo, harp, etc., should all be related to

the monochord. As, in the latter, different pitches are got

by differences in the length, tension, diameter and

material of string, so in these stringed instruments the

variety of pitch is got by changing one or more of tbese
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factors. Study in each one which factors are utilized.

Have the pupils examine the piano at home, and have as

many as possible of the other instruments brought to school

by different pupils. In the piano they will notice that the

strings are of different lengths.and some are made of greater

diameter by combining several wires into a single string.

Consider the piano tuner's method of securing the desired

pitch by increasing or decreasing the tension of the strings

by turning the screws to which they are attached. Let the

pupils find out at home, if possible, how the piano string

is struck. The violin should be dealt with in a similar

manner, and the use of every part of the instrument dis-

cussed, as well as the method by which the different pitches

are produced. It is not enough to talk about these instru-

ments; they should be before the class and be examined.

Wind Instruments.—^The resonance jar should form

the introduction, sound being produced by blowing across

its mouth. An organ-pipe is a resonance jar with a

mouth-piece for blowing across its end effectively.

The most useful form of organ-pipe for experimental

work is an open one with three holes at intervals along its

side. It can be made a closed pipe by putting the open

end against a table. Corks can be used for opening or

closing the lateral apertures.

Make quite clear that with a single tube the pitch may
be made to vary (o) by blowing with different degrees of

force, (6) by opening or closing the ends, (c) by opening

different lateral openings. Apply these facts to explain

such instruments as the tin whistle, bugle, flute, clarinet,

cornet, trombone, etc.

Have as many as possible of these instruments before

the class and have each thoroughly examined by the class
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to Bee which of the above three methods are

^f^°^^
the wide range of pitches produced in each It « ittie

Z merely to Wk aLut these instruments ;
they should be

present for practical examination.

Beflection of SouND.-Concave mirrors with a watch

at one focus and a funnel leading to the ear at the other

focus can be used to illustrate reflection, but the experiment

needs much care and is not very convincmg to a junjor

pupil The following method is better: Have two tubes

S about five feet long and about three inches m

diameter; iron pipes will do if available or sq-- p>p^

made bv nailing narrow wooden slats together may be

S:ed' On a Lie draw a line along which a m^ror^s

to be placed. Draw a line at right angles to this, and t.o

oblique lines, one on each side of the V^^^^'^^\^^

forming equ^l angles with it. Place the tubes alongJJes^

oblique'taes, and at one end of one tube place a watch on

gome absorbent cotton. Now put the ear to che end of

Tott tube, and wait until the ticking of the wateh ca.

be heard distinctly (a book should be pl-ced between the

Sher ear and the watch). If the mirror is then removed,

the sound can no ^nger be heard.

EcH0E8.-If practicable, the pupils should carry out

such an experiment as the following: Standing say, two

hundred fee'^from the broad side of a l«g« '^"/d^^f
'

^"*

as a bam, the intervening ground being level and hori-

Ital let the experimenter shout a short word and listen

for the echo. Note the time between the sho-it and the

e^ho Then move back te double the distance and repeat

TheAout Again note the time between the shout and the

echo.
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The school should bo equipped with at least two good
bar magnets, and as many more as are necessary can then
be made by using these to magnetize knitting-needles or
rods of hard iron cut off to a suitable lencth at a hard-
ware store; for small pieces of soft iron to test the strength
of magnets and for experiments in induction, small soft
ynte nails are good; and for small pieces of hard iron,
steel pens may be used. The most delicate form of
compass-needle required is a sewing needle magnetized and
suspended from a paper stirrup by a piece of unspun
silk. The simplest form of stirrup is made from a piece
of gummed paper 1 inch x V^ inch, folded across the middle.A knot IS tied on the end of the silk, and this is fastened
between the ends of the gummed paper. The free end of
the silk is held between the finger and thumb, or, better,
fastened to a support. Such a stirrup as this, if large
enough, can be used for suspending any magnet. The
most satisfactory compass for physical work is a small
one graduated to degrees, and having a transparent glass
top and bottom. Fine steel filings can be got from any
one who sharpens saws, if notice is given him to preserve
them. For some purposes soft iron filings are better, and
they can be easily purchased.

In experimenting with magnets it is very essential tha^
no pieces of iron be near the apparatus; gas pipes, water
pipes, tanks, or iron nails often cause unexpected and con-
fusing results.

In bringing one pole near the pole of a suspended
magnet to test whether repulsion or attraction takes
place, the approach must be made very slowly, or unlooked-
for results will be obtained; sinc«, when a pole is brought
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very close to a magnet, its inductive effect may be so great

that the polarity of the magnet may be reversed.

The relative effects of two magnets on a compass-

needle may be crudely determined by placing one after the

other at a fixed distance from the needle and counting the

needle's rate of vibration ; the faster the vibration period,

the stronger the attraction or repulsion.

PoLABiTT.—Pupils should first study the effect of a

magnet on iron filings, and find that the filings cluster

around the poles; then, using two magnetized knitting-

needles—one suspended by a stirrup, the other in the

hand—prove that like poles repel and unlike poles attract.

The like poles in the knitting-needles can be found by sus-

pending each in turn ill the stirrup and marking the ends

pointing north. The relative strengths of a pole of a

knitting-needle and that of a bar magnet can then be

compared by the vibration method, as indicated above.

Magnetic Field.—In studying the magnetic field, the

iron filing method is very pretty, but the pupil seldom

grasps the fact that each filing is a little compass-needle,

or magnet, and that it is along the lines of the filings that

the magnetic forces are acting. A slower method, but

more accurate and more convincing, is the following :
Place

a magnet on a large piece of paper and run a lead-pencil

around its margin; place a compass-needle (preferably

small and with glass top and bottom) near one end of the

magnet; place a dot opposite each end of the needle; then

place the needle further from the magnet, so that the end

of the needle which was nearest to the magnet is now over

the outer dot; place a dot opposite the outer end of the

needle as before. Continue this until the compass reaches

the edge of the paper or comes back to the magnet. Join

km
tin



UAQNETI8M 2SS

all the dots with a curve. In a similar way get lines
foming out from all around the magnet. This will give a
magnetic field, and the pupils will have a much clearer
conception of what a line of force means. Iron filings may
now be sprinkled on the paper and tapped, and it will be
seen that they form along these lines.

The Inductive Action op a Magnet.—This can be
well illustrated by hanging nails or steel pens from the
end of a magnet. The different retentivity of the nails
and the pens is shown on removing the suspended row of
either; the pens will still hold together pretty well, while
the nails will almost at once lose their magnetism and fall
apart.

The inductive action of the earth can be shown, as in
Watson's Elementary Physical Science, page 195.

INCUNATION.-To show the angle of inclination some
sort of dipping needle must be procured. Any pupil may
make a satisfactory one which will illustrate the principle
and allow the angle to be measured with a fair degree of
accuracy. Pass an unmagnetized knitting-needle through
&e centre of a small cork in the direction of its long axis.
Then pass a sewing needle through the cork at right angles
to the direction of the knitting-needle, to serve as an axis.
Adjust the knitting-needle in the cork, so that it will
retam a horizontal position when the ends of the axis rest
on the edges of two glass beakers and the knitting-needle
points east and west. Put a small nail into Jie cork at
right angles to both the needles and on that side of the
cork that 18 uppermost when the needle is balanced between
the beakers. By adjusting this nail and the knitting-
needle, the latter may be made to retain any position in
Which It IS placed—vertical, horizontal, or oblique. Now
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magnetize the needle by rubbing one end with the north-

seeking pole of a magnet and the other end with the Bouth-

geeking pole of a magnet, and set it pointing north and

south. It will then indicate the dip fairly accurately.

Gregory and Simmons, Lessons in Science, page 209,

give another method, which is more difficult to carry out,

but gives fair results.

Ml

ELECTBICITT

The experiments in this department will be limited, as

it is only intended that the pupil should gain a knowledge

of the nature of the electric current and a few practical

applications. For the current necessary to perform the

experiments three or four dry cells are necessary, and

these should be renewed every year. The objection to them

is that they do not give a steady current, and hence are

not good for electrolysis and for electrical measurements;

however, they prove fairly satisfactory for the former, and

very little of the latter will be undertaken in the Lower

School Course.

CuBBENT INDICATOB.—For indicating the presence of

a current and its direction, a wire may be placed above or

below a compaas-needle. To get a more sensitive indicator,

wind twenty or thirty turns of wire about a beaker near its

open end, and after laying it on its side so that the coil is

in the magnetic meridian, place a compass in the mouth of

the beaker, supporting it so as to bring it near the centre.

I*t the ends of the wire dip into pill boxes containmg

mercury, and then connect the terminals of the electrical

generator, whatever it may be, by dipping them into the

mercury.
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Besistance and PoTENTiAi.—The pupil ghonld study
the simple cell, as described in Gregory and Simmons,
Lesaoni in Science, pages 189, 130. Then the teacher
should show that other metals may be used for the plates;
also that other liquids may be used, such as brine, or
hydrochloric acid, or potassium hydroxide solution. Next
show that some liquids, such as alcohol or coal-oil, will
not serve, and that some solids, as wood or glass, will not
do for the plates. Show also that the plates must be con-
nected by metal wire, and that wood, string, or glass will
give no deflection. In this way the pupils can be teught
the requisite arrangement to get a current, and they can
be given proper ideas of resistance, conductivity, difference
of potential, and current strength. Have each pupil take
plates of iron (an iron nail), zinc, copper, lead, and carbon,
immerse them in pairs in weak sulphuric acid (1 of acid to
10 of water), and, by connecting with the mercury cups of
the current indicator and noting in each case the direction
m which the needle is deflected, arrange them in an
electro-motive series.

The Heating Effect.—This can be shown by con-
nectmg the dry cells in series and joining the terminals by
a short piece of one of the strands that go to make up
picture wire. If not hot enoigh to glow, try whether H
18 hot enough to light a match applied to it.

The Electbo Magnet.—This can be illustrated by
winding insulated copper wire, No. 20, around a stick of
carbon or a large lead-pencil, connecting the terminals of
this wire with a dry-cell battery, laying the coil on paper,
and plotting its magnetic field as was done for the magnet.
Show an increase of strength by slipping a piece of soft



t38 PHYBICS-BEOOND TEAB

m

iron through the coil and noticing the action on a compaaa-

needle at variona distance!.

Elbctboltbis.—This can be ghown aa follows: Fit a

cork in the narrow end of a lamp chimney; bore two holes

in the cork and pass two small electric light carbons

through it, so that they will project a couple of inches into

the lamp chimney; attach a bit of copper wire to the

outer end of each. Now pour melted paraffin into the

chimney until the cork is well covered, being careful not

to let any fall on the projecting carbons. When the

paraffin is cold, almost flU the chimney with water contain-

ing a small quantity of sulphuric acid (1 to 60). Fill two

test-tubes with the same solution, cover the test-tubes with

little pieces of paper, invert in the liquid in the chimney,

and put one over each carbon. Have the lamp chimney

supported in a ring of a retort stand. On connecting the

wires with the battery terminals the gases will be given off.

Thk Electbic Bell and Incandescent Light.—

These should be examined by each pupil. The incan-

descent light apparatus should be examined in all its

available parts—not merely the bulb, but all the atUch-

ments to be seen in a room. These should be taken apart

by means of a screw-driver and put together again. The

electric bell should be connected up with a battery by each

pupil, and drawings of both should be made and the

course ; the current indicated by arrows. Talking about

these things is time wasted when they can be studied

practically.

lii
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NoTt—Ib both Phyiid ud Chemiitry, practice in the pre-

paration and manipulation of apparatui ihould form part of
thn Coune. Where praotieable, the Courw ihould alio include
aimple operations in glaH-blowing and lathe work, and in hard
ud Mft aoldering.

COUBUSTION IN AIB

Before performing any experiments, strive to produce
the right attitude on the part of the pupil by giving a
home exercise of the following nature

:

Have erch pupil write in his noto-boolc in a vertical

column the names of five or six common substances that
bum in the air, and fill in answers to the following ques-
tions regarding each

:

Is the substance a solid, a liquid, or a gas?
Is any substance produced when it bums?
Is any ash left behind?

Do you think the ash weighs more or less than the
original substance?

Is the burning accompanied by a flame ?

Have eai;h pupil tabulate results in the following
manner

:

Name of
substance

Coal
Kerosene.

.

Wood
Gas
Candle...
Sulphur. .

.

9

§'9 a
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After the pupils have Ubulated thew re«ulU, diicuM

with them the answer* to such queitiom as the following

:

Is burning always accompanied by a flame?

Does the burning substance always disappear?

Do substances begin to burn of themselves, or, if not,

how is the burning started ?

Is heat always produced in a case of burning?

What is the burning substance always in contact with?

If the answers to such questions are carefully discussed,

the pupil will be prepared to investigate some problems

connected with burning that arc not so obvious of solution.

Each member of the class should perform the foUowmg

experiments

:

Experiment 1. To study the burning of magnetium

in air and to investigate the remlting ath.

Apparatus required: 5 cm. magnesium ribbon, piece of

copper wife, sheet of white paper, test-tube, litmus paper,

funnel, filter-paper, watch crystal, emery-paper.

Clean the magnesium ribbon with the emery-paper

and note ite properties, such as colour, flexibility, hardness

when tested with a knife, etc. Then roll into a loose

spiral around a lead-pencil, make a loop at one end, hook

into a loop on the end of the copper wire, and hold the

free end of the coil in the flame of a lamp or Bunsen burner

until it begins to burn; then remove and hold the burning

magnesium over the sheet of white paper, so as to catch

any ash that may drop. Examine the ash carefully, and

note how it differs from or resembles the magnesium m

colour, hardness, flexibility, lustre, etc.

Test its solubility as follows: Grind some of the ash to

a powder, place in a test-tube, add an inch of water, and

boil for a minute. Then filter (the teacher will give full
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direction! u to mode of filtering). Plarc one . ,. if the

filtered liquid on a watoh glau, and a drop o; * ir. .rater

alonggide of it, and hold between finger and thumb over •
flame until both drops are evH[)oratcd. Both louve dt-poaita,

aa the tap water always has saltx dissolved in it. The
solubility can be judged by the difference in amount of the

deposits ; in this particular case there will lie a very slight

difference, as the magnesium ash is almost insoluble in

water.

Test the filtered liquid with litmus as follows: Put
pieces of red and of blue litmus paper, not larger than the
little finger nail, into a test-tube containing half an inch

of the solution, and similar pieces into a teat-tube contain-

ing the same amount of ordinary tap water; after five

minutes compare the litmus papers in the solution with
those in the water; if any change has taken place in any
of the pieces, note the tube in which it has occurred and
also the character of the change. (Always use this method
for testing with litmus where the effect is not marked.)
Let the pupil write his explanations and conclusions at

home, and as a guide suggest such questions as the follow-

ing to be answered in his report

:

Is the ash a different substance from the magnesium ?

Do you think the ash contains the magnesium ?

If so, how would the weight of all the ash compare with
that of the magnesium?

If the ash does not contain the magnesium, what has
become of it?

Does the ash look like one substance or like a mi.xture?

Experiment Z. To find whether the ash formed when
magnesium is burned weighs more or less than the mag-
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Apparatus required : 10 cm. magnesium ribbon, crucible

with cover, pipe-clay triangle, retort stand, Bunsen burner

or gasolene blast lamp, balance.

Discuss particulars with the class first, and try to get

from them suggestions for a practical method of collecting

all the ash.

Clean 10 cm. of magnesium ribbon with emery-paper,

roll into a spiral, place in a clean, dry qrocible, cover with

the lid, and weigh carefully to che nearest centigram.

Place the crucible on the triangle and heat very gently at

first, and then increase the heat until the bottom of the

crucible becomes red hot ; with a piece of copper wire raise

one edge of the lid slightly for an instant ; repeat this at

short intervals until the magnesium ceases to glow bril-

liantly when the edge of the lid is raised ; continue heating

for five minutes with the lid partly raised, so that there will

be free access of air. Let the crucible cool, and then place

on the balance and weigh again. Tabulate results as

follows

:

Weight of crucible -f lid -I- magnesium g
Weight of crucible -I- lid -I- ash g

Increase in weight g

Test the white ash as in Experiment 1, and see if it is

the same substance.

In discussing the result with the pupils, draw from

them the different interpretations. The increase in weight

might be due to the crucible absorbing something from the

flame or air, or to the magnesium absorbing something

from the air. Discuss methods of testing the first sup-

position. What would the constant lifting of the lid and

the attendant glowing indicate, as to which is the correct

interpretation? The final conclusion will be that the
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magnesium has absorbed something from the air. Try to
get the class to indicate a method of repeating the experi-
ment, but excluding largely free access of air to the
magnesium.

ExPEBiMENT 3. To tcst if magnesium gives the same
ash as in Experiments 1 and S, when heated so as to exclude
free access of air.

Apparatus required : The same as in Experiment », with
the addition of some clean, dry sand.

Place the cleaned magnesium in the crucible, then half
fill the crucible with clean, dry sand, place the lid on the
crui; ,le, and heat for the same length of time as before
and with equal heat, but in this case leave the lid tightly
on the crucible throughout the experiment. Cool as before
and examine the magnesium. Has it changed to ash?
Is there any sign of change on the surface, or has it a
bright metallic lustre as at first? This change is due to
the small amount of air among the particles of sand.
Does this corroborate the conclusion from the preceding
Experiment?

ExPEBiMBNT 4. To study the effect of heating other
substances in air.

Apparatus required
: Phosphorus, thin iron wire, thin

copper wire, pieces of lead, carbon.

Phosphorus must never be touched by the fingers, and
always be cut and kept under water. The pieces used
should be small.

Have different members of the class take different sub-
stances and discuss results together. Clean pieces of
phosphorus, copper, iron, and lead, and after examining
each as to colour, flexibility, hardness, lustre, etc.. place eachm a crucible and heat with a hot flame for ten minutes.
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(The pupils who iiBe the iron, copper, and lead may weigh

them before and after heating.) Do these substances act

similarly to magnesium when heated? Which of them

takes iire and burns ? Examine the new substance formed

in each case (scraping it off the metals), and describe its

colour, tenacity,' hardness, brittleness, solubility in water

(see Experiment 1), and effect on litmus (see Experiment

1). Try to find out why some should just change on the

outer surface.

If these Experiments have been carefully performed and

properly discussed, the pupils will have discovered the

following facts about burning:

1. When substances are heated in contact with the air

they often burn.

a. When they bum, the substance is destroyed and a

new substance is formed.

3. The new substance is heavier than the old one, and

hence is formed by the old one absorbing at least a part of

the air. Hence the new substance is composed of the

original substance + part or all of the air.

4. Some substances, such as iron and copper, unite with

air when heated without taking fire.

5. Some substances when heated in air do not change.

Experiment 6. Do iron, copper, lead, phosphorus, etc.,

change when in contact with air, even when not heated f

Apparatus required : Iron wire, copper wire, lead clip-

pings, a thin shaving of phosphorus.

Have the surfaces of all the substances perfectly clean

;

leave them in contact with air for a few days, and then

compare their surfaces with those of freshly cleaned ones.

The effect on the iron will be increased if it is suspended

in a corked bottle with a little water in the bottom. Do
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these substances still unite with the air? Is the action

slower or faster than when they were heated?

Experiment 6. Do these substances unite with all the

air or with only a part of it when left in contact with itf

Apparatus required: A small pickle bottle, a rubber

stopper to fit the bottle, a round porcelain dish 8" in

diameter and 3' deep, phosphorus, iron filings, a muslin

bag, alcohol, lamp or Bunsen burner, deflagrating spoons.

The work with phosphorus may be done in the

laboratory, that with iron filings may be done by the pupils

at home.

1. Using phosphorus.—Have the bottle perfectly dry

and cool, and place in the bottom a piece of phosphorus as

large as an apple seed. Cork very tightly with the rubber

stopper, then place the bottom of the bottle about one foot

above the flame of the lamp, and keep turning the bottle

so as to prevent breakage by heating too rapidly. When
the phosphorus begins to burn, remove the bottle from the

flame and let it stand as long as white fumes come off.

When perfectly cool put the mouth of the bottle under

water in the porcelain dish and withdraw the stopper.

Notice the height of water in the bottle. Put the stopper

into another bottle, invert the latter in water, withdraw

the stopper, and notice the height of water in the bottle.

Which bottle had the most air in it at first? Which has

the most air in it now ? What became of part of the air

in the first?

Put the rubber stopper back into the first bottle while

the mouth is still under water, take from the water and
place on the dish. Place a fresh piece of phosphorus in a

deflagrating spoon, loosen the stopper in the bottle and
bring the phosphorus close to the mouth of the bottle.
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Before experimenting, give the pupils a set of questions
tending to bring out clearly the facts about air that the
preceding experiments on combustion have taught.

When a substance burns in air, does the burning take
place where it and the air are in contact.

Is part of the air absorbed by the burning substance?
If a large quantity of the substance is burned in a

limited quantity of air, will it in time absorb all of the air,
or is there always a part left?

Is the part left different from air?
Will the part left support combustion ?

If the part of the air absorbed by iron in being converted
into rust were extracted and mixed with the part of the air
left in the bottle (Experiment 6 (3)), do you think it
would produce air?

Experiment 7. To extract from mercury oxide the
part Uken from the air, and to study some properties of
this ionstituent of air.

Apparatus required: Hard glass test-tubes, rubber
stopper, rubber tubing, pneumatic trough, mercury oxide.

First explain to the pupils that mercury oxide is mad
by heating mercury in contact with air for several days,
and that the mercury, in being converted into mercur^
oxide, absorbs part of the air just as phosphorus does when
it burns in air, and as iron does when it rusts. Let each
pupil examine mercury, so that he can recognize it again
when he meets it. Its metallic lustre and liquid state will
always distinguish it.

Fold a long, narrow strip of stiff paper once lengthwise,
so as to make a trough that will pass easily into a test-tube;
into one end of the trough put as much mercury oxide w
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will lie on a ten-cent piece; transfer the powder to the

bottom of a hard glasi test-tube, by holding the test-tube

in a horizontal position and sliding the paper into it; then

turn the tube upright and withdraw the paper. Make a

test-tube holder by folding a sheet of paper into a narrow

band and doubling it over the tube; place the paper band

near the open end and hold between the thumb and finger

of the left hand. Now, holding the tulie in a horizontal

position, heat at first gently, and then strongly, gently

rotating the tube with the right hand, and always keeping

well in the flame the end containing the solid. Occasion-

ally thrust a long pine splinter, glowing at the end but

not blazing, well down into the tube, until there is evidence

of something besides air in the tube. Wlien «>i8 stage is

reached, insert a rubber cork with a delivery tube and

collect, in the ordinary way over water, a test-tul)e full of

the gas which comes oft. Let this stand over water and

continue heating the mercury oxide until the red powder

has almost completely disappeared. Then scrape out some

of the contente of the tube with a knife and examine it on

paper. Examine the gas in the test-tube as to colour and

smell. Is it very soluble in water? Place the thumb of

the left hand over the mouth of the test-tube full of gas,

lift from the water, turn with the mouth up, and plunge

into it a long glowing (not blazing) splinter of wood.

What is the metallic liquid left in the tube? Is the gas

collected ordinary air? How does it differ from air? If

this gas came off the red powder and left mercury behind,

and the red powder was formed by heating mercury in air,

is this gas a constituent of the air?

Now the class should see that one of the constituente

of air rias been isolated. Inform them that the name of

this constituent is oxygen, and when other substances, as
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magnesium, phosphorus, etc., unite with it, the substances
formed are called oxides, as magnesium oxide, phosphorus
oxide, etc.

ExpkhimentS. Lavoisier's experiment (to be described
but not performed). To show that the weight and volume
of air absorbed by heated mercury are equal to the weight
and volume of the oxygen produced by heating the resulting
red oxide.

About 4 ounces of mercury were heated nearly to boil-
ing in a flask A, which communicated with a vessel B full
of air, standing over a vessel of mercury C. After several
days, the volume of air in B had shrunk by t^i cubic
inches, and the surface of the mercury was covered with a
deposit of the red oxide; this oxide was gathered and
weighed 45 grains. Lavoisier next placed the red oxide in
a bulb tube A connected with a cylinder B full of mercury
and inverted in a vessel of mercury. He then heated the
oxide until it all disappeared. The volume of the gas in B
was measured, and found to be about 71^ cubic inches.
The weight of the mercury left was found to be 41i^
grains. But it is known that 7^ cubic inches of oxygen
weigh about 314 grains.

Give the pupils the figures of this Experiment and
bring out its great importance. It proves conclusively
that the amount of oxygen obtained by heating the oxide
just equals the amount both by volume and weight that the
air lost.

Now show ways of obtaining larger quantities of this
constituent of the air, as by heating potassium chlorate and
manganese dioxide, and study the combustion of some
common elements in oxygen. It is not necessary to
describe these experiments in detail, as they are given in
all text-books.
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Notice the difference in behaviour when these gubrtancM

bum in nir and oxygen ; compare the product* formed in

the two C8«e«, and let the pupils decide whether the oxygen

acts in a similar way in both cases, except that it is more

concentrated in one case and hence gives more intense

results.

To obtain a supply of nitrogen, treat several bottles of

air with iron filings as in Experiment 6 (2), wetting the

bag of iron filings, and test the nitrogen as the oxygen

was tested. The pupils will see that the gas is quite inert.

EsFERiuENT 9. To txamttte a mixture of oxygen and

nitrogen in the same proportion as these are present in air.

Apparatus required : Pickle bottles, iron filings, oxygen

generating apparatus, phosphorus, sulphur, etc.

Extract the oxygen from three bottles of air by means

of damp iron filings, as in Experiment 6 (a). Fill an-

other bottle with oxygen and let it stand until the gas is

at the same temperature as in the other bottles. Bring

the mouth of the bottle of oxygen under the mouths of the

bottles of nitrogen in turn and displace the contained water

with the oxygen. While doing this, look closely for any

visible change in the mixed gases. Peel the bottle; or,

better, immediately after rnjting, take a bottle out of the

water and thrust a thermometer into the gas. No changes

of any kind can be observed.

After the gases have had time to mix, take the bottles

from tiie water by slipping glass plates under the mouths,

and bum in them phosphorus, sulphur, and a splinter of

wood; test the products as when these were burned in

oxygen. Now bum these same substances in bottles of air

and test the products in the same way. The conclusions

the pupil should be able to draw from this experiment W9
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that a mixture of oxygen and nitrogen is identical in
properties with air, and that when these two gases are
mixed there is no evidence of any chemical change in them.

ExPEHiMENT 10. To prove that air contaim water
vapour in imall quantities.

Apparatus required: Glass tubing, rubber tubing, salt,
ice or snow, and a beaker.

Bend a piece of glass tubing of 6 mm. bore into a U
that will lit into the beaker. Having taken care that the
inside of the tube U perfectly dry, attach the rubber tube
to one end of it and immerse the U in the beaker filled with
a mixture of snow and salt. Now suck air through the
tube; examine it from time to time until moisture appears
in it.

ExPEHiMBNT 11. To ,how that air contains carbon
dtoxide.

Apparatus: Bottle, test-tube, rubber tubing, scent
bottle, bellows or atomizer bellows, lime.

Into a bottle put some small pieces of quicklime, half
fill the bottle with water, cork it, shake well, and allow it
to stand until clear. Pour oft some of the clear liquid into
a test-tube; this liquid is lime-water. Attach the bellows
to a piece of glass tubing and force air flirough the lime-
water; it will in time turn milky. (This may have to be

"'mJ"x'^J!°'
*'*^° •"'""' ^^""^ " •>««»»«« dWinctly

mUky.) Now if oxygen or nitrogen is forced through
lime-water, no effects are produced, so that there must be
BtiU another constituent of air; this is caUed carbon
dioxide.

If a bellows is not accessible, air can be drawn through
the lime-water by suction in the following way: Fit arubber stopper into the bottle or tube containing the lime-
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water, and pais two glan tubes through the stopper, one

extending to the bottom of the bottle and the other ju»t

passing through the cork. Suck through the short tube.

The pupils should feel throughout the foregoing set of

ExperimenU that they are carrying on an investigation,

namely, to find out the different constituenU of air and

to study these constituents as to their propertiea. The last .

two constituents will be investigated later.

WATEE AND ITS C0NSTITUKNT8

Lead the pupils to understand that they are about to

conduct an investigation to find out (o) the constituents

of water, (6) the properties of these conatituenU, (c) some

properties of the water itself.

The methods of procedure should be first discussed.

Let each pupil first of all evaporate a single drop of rain

water, of well water, and of river water on a watch glass

over a very small flame; each drop will leave a stein on

the glass, showing that it contains some solids. Eiplam

that these are impurities in the water.

As we started our investigation of air by trying to bum

magnesium in it, we might begin in the same way wiih

water; but water, instead of supporting combustion, is

generally thought of as extinguishing a flame. However,

if we use water in the gaseous state, so that the conditions

wiU be more nearly like those of the air experiments,

resulta may be more satisfactory.

Let the pupils place some water in a flask and boil it

vigorously until all air is expelled from the flask. Wind

magnesium ribbon in a spiral about a lead-pencil, take off

and fasten on the end of a wire, ignite by the flame of a

match, and plunge down into the flask; the magnesium
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continuw to burn and a white aah in left. The pupils
should withdraw this ash and examine it, as in Experiment
1, to SCO if it is the same material. They find that it in,

and they should be led to see that as it contains oxygen
this must have been extracted from the water vapour, and
80 oxygen is one constituent of water.

As oxygen is quite a different substance from water, and
as it is coi .ained in water, the latter probably has at least
one other constituent.

Is this constituent left in the flask? If a part is

evaporated, no solid is left, so the other constituent is not
a solid. The liquid left is exactly like water, and hence
there is no other liquid mixed with it, so the natural
inference is that the other constituent is a gas. Let the
pupils try to devise a method of collecting it.

The following experiment, which should be performed
by the teacher, shows how this constituent can be collected.
Fit up a flask with a rubber stopper through which is
passed an elbow glass tube having a piece of rubber tubing
attached to the outer end. Have a spiral of magnesium
wire projecting from the bottom of the rubber stopper, and
have ready a bottle of water inverted in the pneumatic
trough. Now boil a little water in the flask, ignite the
wire, thrust into the flask while the water is still boiling,
press the cork, and hold there until no more gas r.^Uecto in
the gas bottle. (Be sure to withdraw the rubber lube from
the water before taking the flame away from the flask.)
Test this gas with a burning splinter and it will be found
to act in an entirely different manner from any of the
gases studied so far. The name of the gas may now be
given. It is hydrogen.

Next show that other metals, such as inflima and
potassium, act in s similar way on water, except that the
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water doei not need to be heated. Then let the pupih

perform the n«iial experimenti with theae metals and water,

•nd be rare to have them evaporate lome of the liquid, ao

ai to lee that a white iolid is formed, as with magnesium.

When using theae metoli with water, it is a good plan, if

the gas is to be collected, to get some lead tubing about

one-fourth inch in diameter, cut off pieces two inches in

length, and hammer them at one end till perfectly sealed

;

put, say, the sodium well up into the tube and, keeping the

open end down, lower under the mouth of the gas jar, and

then gradually turn the open end up, so as to admit water.

A glass tube sealed at one end does almost as well as lead,

but may crack.

Hydrogen may now be made in larger quantities from

zinc and dilute sulphuric acid. Mix the acid and water by

pouring one part of acid into ten parts of water. After

mixing, pour the liquid on the zinc; if a little copper

sulphate solution is added, the gas comes off more readily.

Study its properties by the usual experiments.

It is unsafe for a junior pupil ever to light a hydrogen

jet; the teacher should perform any experiments involving

this.

It is a common inference, whenever a mist is formed on

cold glass or drops of a clear liquid appear, that such a

mist or liquid must be water. But such a substance

should always be tested. A good test is to bring a small

particle of sodium in contact with the liquid. If it be-

comes warm or takes fire, the liquid is water. The pupil

may try with sodium other clear liquids, as kerosene, tur-

pentine, and benzine, and note results.

Another simple test for water is with copper sulphate

heated until it turns white. A drop of water added to

thli gives the blue colour again. No other water-like
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liquid will do bo. Of course mixturt» that contain water
will give the water test

Now that water ha« been analyied and found to have
as constituents oxygen and i.j Iro^-en, these gases should be
mixed to see if water rv»n\tn from tin' mixture, as air
resulted when its coMtiui. !its weiv mix .1. The teacher
might inform the pii|Mi thnt in water t\w two gases are
united in the proport .n of tvo vulum. « ..f hydrogen to
one volume of oxyjfi n. Ut eji.1. no nwk- such a mixture
and try the effect of bwcrinx .cdiuni or potassium into it;
no ignition takes place. U't « lump of burned copper
sulphate be lowered into it: it cloe8 not turn blue, so the
mixture is quite unlike water.

Show, finally, that the two gases can be united in "i.

presence of heat to form water. To do this let the f . n,-

from an ignited hydrogen jet play obliquely on the bo' nn.
of a round-bottomed flask filled with cold water, or, be.i.t
a mixture of water and ice. Have a watch glass below (he
flask to catch the condensed drops and test ihese ' uii

sodium and burnt copper sulphate.

LIMESTONE AND ITS PBODUCT8

Have the pupils place moist litmus paper in contact
with limestone and note the absence of any action. Let
them also test the solubility of limestone in water. Then
have them grind up a very small quantity (a lump not
larger than a grain of wheat) ; weigh the powder, and
heat in a crucible before a gasolene blast lamp for fifteen

minutes. Now weigh again, test with litmus, and also as
to solubility. Compare the results with those of the ex-
periment where magnesium was weighed and heated in air.

They will see that something has been driven off in the
heating process. The material remaining is quicklime.
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To a fresh lump of quieklinie, add a little water so as
to make slaked lime ; lead the pupils to comprehend that
the quicklime has not merely abmrbed water, but that it

has united with the water to form an entirely new sub-
stance which is quite dry, white, and powdery. Let them
heat it over a water-bath to see it docs not lose its water.

Let it be tested for water with sodium or burnt copper
sulphate.

Explain the difficulty of collecting the gas that is driven
off when limestone is heated, and state that the same gas
can be driven off by adding an acid to the limestone. Then
have the pupils prepare some of this gas as the second
constituent of limestone. To find the constituents of this

gas—carbon dioxide—use the same method as for finding

those of air and steam; get a bottle of the gas collected

over water, and plunge into il ha-ning magnesium ribbon;
test the white ash formed to show that it is the same as

when the magnesium burns in air or water. A black

deposit will be left in the jar; if this black deposit is

tested, it is found to be insoluble and to burn when heated
on mica ; hence it is carbon. So the gas is proven to con-

tain carbon and oxygen.

Show the effect on lime-water, and use as a test. Show
the relation between this last experiment and the first

experiment performed on limestone. In the first, the lime-

stone is broken up into lime and carbon dioxide; in the

second, these substances are united to form limestone

again.

Test the burning of a candle, of wood, or of charcoal,

for the production of carbon dioxide. To do this, bum in

a large glass bottle each of these till extinguished; then
add a tablespoonful of lime-water and shake.
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Test the air expelled from the lungs for carbon dioxide.
Test a solution of carbon dioxide with litmus.

CHEMICAL TERMS

No attempt should be made to give a formal definition
of such things aa mixture, chemical compound, etc.
Bather point out the characteristics of each. Air is a
good example of a mixture; the two constituents retain
their own individual properties in air, as has been shown,
and the properties of air are largely the sum of the
properties of its constituents. There is no evidence of
heat or any other change when the two are brought
together; these are both characters of a mixture. In a
substance such as water, formed by uniting oxygen and
hydrogen, we have a good example of a compound; here,
when the two are brought together at room temperature'
they form merely a mixture, but when the temperature is
raised by bringing a flame in contact with the two, there
18 a violent production of heat, and water is formed, the
properties of the latter being quite unlike those of its
constituents.

The action of heat on magnesium and limestone shows
the basic experimental difference between an element and
a compound; the former increases in weight when heated
the latter decreases in weight. The former, to make a new
substance, must have something added to it; the latter
can give rise to a new substance by a process of separation
Substances like magnesium, which, when they form new
substances, never decrease in weight, are elements but
those, like limestone, which can decrease in weight in the
formation of a new substance, are compounds, which really
means that they break up into two or more substances.
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The heating of nwgnegiuni in the crncible, when
exposed to the air and when covered with sand, iUustrates
the difference between physical and chemical change. In
the first case a substance with entirely new properties, or a
new substance, is formed, and we caU the change chemical;
in the latter, although the magnesium becomes heated and
changes in colour, size, etc., yet we recognize it as still the
same substance; and we caU the change a phygical one.






