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PREFACE

R DELL has written on the Study of the Senses,

on simple experimental psychology. Nature

Study has been praised as a training in observation,

and as, in the usc of the telescope, the astronomer must

study the error of the instrument, so, where that instru-

ment is the naked eye, the naturalist must learn what

tricks it may play him. Can we call anyone a trained

observer who is unconscious of such errors as might

arise from persistence of vision, from the negative after-
image or from the blind spot of the retina ?

That part of Nature which is most accessible for
exploration in a school classroom ig human nature—boy
nature—* The proper study of mankind is man.” Here,
Mr Dell has shown us a proper way—the scientific way—
of studying the mind of boy. .

Hitherto, the laboratory psychologist has often re-
garded the schoolmaster as too untrained and too
ignorant to be a competent ally as an experimenter in
mental fields. Nor has the schoolimaster been altogether
willing to regard his classroom as chiefly an exploration
ground for the rambling psychological explorer. But
now these studies are beginning to interest the rising
generation of schoolmasters. If some of us were not so
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vi Preface

busy organizing laboratories and propagating cookery
recipes for oxygen and chlorine, we might have lcisure
to explore the material lavished around us in the minds
of our pupils.

Mr Dell has been fortunate in throwing his experi-
ments into a form in which they can be used for class-
room work. This often involves a great simplification
and cheapening of apparatus. The methods have to be
transformed from the conditions of the physician’s con-
sulting room where patients are elaborately treated one
at a time to those of the classroom where boys are dealt
with by the dozen. It is just this preliminary examina-
tion by the schoolmaster which may correctly select
those who should be passed on for further examination
by the school doctor.

Mr Dell has also shown how boys may be not merely
passive under examination but active co-operators with
their teacher in explorations of mutual interest. Many
teachers have found the difficulty of organizing practical
work for large classes. This book, therefore, while
nominally showing the pupil how to learn, will really
tell the teacher how to teach.

Someone will ask whether a book on the Senses can
be called “Nature Study.” Let Wordsworth answer in
his lines on Tintern Abbey. The poet’s definition of
Nature would have been all-embracing :—

s the light of setting suns, -
And the round ocean and the living air,
And the blue sky, and in the mind of man.”



Preface vii

The title of this little book is an echo of an earlier
title: “The Five Gateways of Knowledge,” by Prof.
George Wilson, of Edinburgh, having been published by
Messrs Macmillan & Co. in 1857 ; and by their goodwill
we feel free to use this phrase again. DProf. Wilson
makes his acknowledgments to “The IHoly War” by
John Bunyan. “This famous town of Mansoul had five
gates...Ear-gate, Eye-gate, Mouth-gate, Nose-gate, and
Feel-gate.”

Prof. Wilson addressed his lectures to a philo-
sophical audience ; the present book is intended for use
in Higher Primary and Lower Secondary Schools, that
is to say, for pupils of about 12 to 15 years of age. For
their sakes the wording is clear and simple.

In the last sixty years methods of education have
become increasingly practical, hence abundant and
varied practical exercises are suggested. Complete
instructions are given for these exercises so that the
book shall be intelligible in the absence of a teacher.
The proposed practical work is not only what might be
done by cager boys and girls on half holidays, but what
can be done by every pupil in the course of ordinary
school work. The pictorial illustrations chosen are aids
to observation, not substitutes. Sufficient directions
are given for the supply of necessary material.

HUGH RICHARDSON.

12, 8T MarY’s, YoRrk.
1912.
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CHAPTER 1

THE MEANING OF OBSERVATION

Observation and hearsay— Illustrations of the meaning of the terms
sensation, sense-organ, stimulus, sensibility

Apparatus and materials required.

Salt. Red, blue and yellow glasses (coloured gelatine
may be substituted). Simple lenses. Sheet of broum
paper. Watch. Ground glass. Ribbed gluss. A thick
glass block.

The meaning of observation.

This book deals with the methods and machinery of
observation. Observation means obtaining information
about an object by one’s own senses.

EXERCISE 1. To illustrate what is meant by obser-
vation.

Make a list of all the facts you know concerning salt
arranging them in two columns, (1) those facts which
you can learn from your own personal experience by
actually examining a pinch of salt, (2) those facts you

DELL 1



2 The Meaning of Observation

know by hearsay or have read in a book. Enter your
results in your note-book thus:—

Facts about Salt.

o — | —— —
Trom personal From books or
experience hearsay

|

1
! I

Kach of the facts mentioned in the left-hand column
is a statement of the way in which salt affects the person
examining it—in other words an “observation.” To
use the technical term we may say that the salt gives
us certain sensations, viz. of heaviness, whiteness, saline
taste, and the like.

These sensations we receive by the body or some
part of it. Thus the sensation of salinc taste reaches
us by the tongue and that of whiteness by the eye. A
part of the body by which a sensation is received is
called a sense-organ. The eyc and car are sense-organs
pure and simple. The nose, tongue and palate, and the
skin generally serve as sense-organs as well as having
other uses.

EXERCISE 2. To dllustrate the use of the sense-organs
in making observations.

Copy the list of observations made on salt and
oppousite to each write the name of the sense-organ
used in making the observation.
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Arrange the results thus :—

Observations on Salt.

Observation made Sense-organ used

Anything like salt which acts upon a sense-organ

and produces a sensation is called a stimulus which is
the Latin word for a goad.

Not infrequently the same object, as a pinch of salt

held in the hand, may act as a stimulus to more than
one sense-organ at a time.

EXERCISE 3. T'o illustrate theway in which stimulus,

sense-organ, and sensation are connected.

Make a table to show what sense-organs may be

affected and what sensations may be produced by the
following objects :—

A flash of lightning.
A glass of cold water.
A peal of thunder.

A pin.

Violets.

Think of other objects which may act as stimuli and

add them to the list. Arrange the results in three
columns thus :—

1—2



1 The Meaning of Observation

Connection between Sense-organs, Sensations
and Stimuli.

Nature of sensation

l Object acting as Sense-organ
produced

stimulus affected

T

Methods of studying observation.

Suppose an educated man for the first time in his
life could see a pair of spectacles. He might study the
curvature of the glasses, the shape of the frames, the
construction of the hinges and so learn how the glasses
were to be used. On the other hand he might put on
the spectacles and make a careful description of the
change they produced in what he saw.

EXERCISE 4.  To <llustrate the two methods of
studying observation.

Examine the glasses provided. Carefully describe
them and then describe the appearance of objects when
viewed through them. Use the following kinds of
glasses :—coloured glasses of various kinds, ground
glass, ribbed glass, a thick glass block.

Make a rough ear trumpet out of brown paper;
describe exactly how it is made, and then describe the
difference it produces in the sound of a watch ticking
when the trumpet is held to the ear.

These exercises are intended to bring out the fact
that in studying the methods of observation there are
two quite different problems which can be studied con-
cerning any sense-organ. One of these is the question



The Meaning of Observation 5

“how does the sense-organ work ?”  How is it e.g. that
the eye enables us to see? On the other hand there is
the question “what docs it feel like to see?”

In the chapters that follow both of these problems
will be touched upon with regard to cach of the various
sense-organs in turn. We shall see that different persons
are not always equally aftected by the same stimulus,
and it will be shown that in many cases it is possible
to compare their “ powers of feeling.” A person’s power
of feeling is called his sensibility. Thus it is pretty
well known that some persons cannot hear a bat squeak,
but that others can. Those who can hear such sounds
are said to have a greater sensibility to shrill notes.

CHAPTER II
TIE BRAIN, NERVES, AND SENSE-ORGANS

Arrangement of the brain and sensc-organs in the skull—The back-
bone—The general structure of the brain of the rabbit—The
spinal cord and its branches —The structure of nerve

Apparatus and materials required.

Sheep’s skull divided down centre (or skull of rabbit,
cat or dog). Backbone of rabbit, cat or dog. Piece
of spinal cord from sheep or rabbit. Nerve from
Jrog's leg or sheep’s head. 2°/, salt solution. Mounted
needles (large darning needles in covks). Formalin.
Plasticine.

Bones and skeletons may be obtained ready prepared
Jrom Mr C. Baker, Hegh Holborn, London, W.C., or
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Jrom Messrs Ediwvard Gerrard & Sons, 61, College Place,
Camden Town, London, N.W. In this form however
they are somewhat expensive.

How to prepare a skull.
A good idea of the general arrangement of the
nervous system and of the chief sense-organs is obtained

by studying the skull and backbone of some animal,
e.g. a sheep or a dog. A sheep’s head can be obtained

Fig. 1. TFront view of skull of sheep

at prices ranging upwards from fourpence, and cleaned
dogs’ skulls also can frequently be obtained or may be
purchased from any of the regular dealers. The most
convenient way of preparing a skull for examination is
to divide it in two halves lengthways. If this is done
before the skull is cleaned the process of cleaning is
very much simplified. Cleaning is best done by boiling
till the flesh is quite soft when it can be scraped from
the bones. Soaking in water evhich contains a little
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chloride of lime and subsequent exposurc to the sun
will ensure the bones being white. Care should be
taken in cleaning that the minute bones of the ear are
not lost. They should be looked for and removed as
soon as boiling has gone far enough to allow of this
being done.

Examination of a sheep’s skull.

Place the half-skull on the bench in front of you
with the outer surface uppermost. Find the dome-like

Fig. 2. Side view of skull of sheep

brain case which forms the hinder part of it. Notice
the large hole at its hinder end ; through this during
life runs the spinal cord or spinal marrow which passes
right down the backbone.

Try and find out by studying the actual skull the
places occupied by the eyes, the nose, the ears and
compare with the figures given in this book. (Figs. 1—4.)
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The eye socket is a circle of bone in which the eye-
ball rests; in the back of it near the brain is a small
hole which puts the eye into communication with the
brain case and through which during life the optic
nerve or nerve of sight passes. Toward the front
margin of the eye socket is a small hole which passes
through a plate of bone into the nose. Through this
runs a small tube allowing the fluid with which the

Fig. 3. Lower surface of skull of sheep
(The black threads at A pass through the ear passage)

eye-ball is bathed to flow down into the nose. This is
called the tear-passage or lachrymal duct from the
Latin lachryma = a tear.

The passage of the ear is near the hinder end of
the skull. A small hollow bone projects from the lower
surface on each side. The position of this can be easily
seen by looking for a large downwardly projecting peg
at the back of the skull and then looking immediately
in front of it. Each of these @ar bones is like a verv
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much flattened flask with the neck outwards. Across
the opening of the neck during life stretches a thin
skin, the ear drum, which thus shuts off the inner part
of the ear from the outside. If a bristle is thrust into
this hole in a forward direction, another opening can be
found from this ear bone. Through this second opening
passes a tube which opens from the car into the throat
near the back of the nose. (See Hig. 3.)

Inside this flask-shaped bone there is a chain of three
very small bones which reach across from the ear drum
to the more delicate “internal ear,” where the actual
hearing takes place. Unless special care has been taken
in preparing the skull these bones are lizble to get lost.

At the base of the skull is the mouth fringed on
cach side with a row of crushing teeth. Between these
is a hard floor or shelf of bone, the roof of the mouth or
the hard palate. Above this is the cavity of the nose
which is roofed in its turn by two long and narrow bones
called the nasal bones. To sce these parts turn the
half-skull round so that the inner half can be seen. Try
and find out what everything you see is, first from the
skull itself, then by referring to the figure and descrip-
tion given here. (Fig. 4.)

The cavity of the nose can now be seen from the
inside and in it twisted plates of bone called scroll
bones, These are covered over with a thin skin and
kept moist during life but will of course be dry in the
prepared skull.

Can you make out any connection between the cavity
of the nose and the brain? At the hinder end of the
nose is a plate of bone perforated with very numerous
holes like a sieve. Through these run a multitude of
fine nerves which are jhe nerves of smell.
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At the hinder and lower end the nose opens into the
throat. The presence of such a connection between
nose and throat explains the fact that we can breathe
either through mouth or nose and also the painful
effects of a cough while drinking.

Only one other bone need be specially mentioned
here. It is a paired solid bone best seen from the
inside and lies toward the hinder end of the skull. Tt

Fig 4. Section of skull of sheep
(The penholder at A is pushed through the aperture of the optic merve)

is, a8 it were, wedged into the wall of the brain case
between two other bones; this is the bone which contains
the internal ear. On its inner surface is a pit into
which runs the nerve of hearing or auditory nerve.

EXERCISES.
1. Draw the skull of the sheep from the left side.

2. Draw the half-skull as seen fromethe inner surface.
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3. Draw the skull as seen from divectly in front.
4, Muake a back view of the skull.

5. Carcfully study and draw much lavger than natural size
the junction between two of the bones which voof in the brain
case.

Examination of the backbone. (Rabbit’s, cat’s
or dog’s bones may be used.)

Examine a single bone or vertebra from the back-
bone. Select one, first, from the region immediately
behind the ribs.  Afterwards examine those of the
neck and the region of the ribs and note any difter-
Cnees.

Kach vertebra consists of two parts, (1) a solid
cylindrical block which is placed toward the lower
surface of the body.

(2) A more slender arch-like part pointing the
opposite way and bearing various spines and projections
to which during life muscles are attached.

Find out how the separate vertebrac are fixed to-
gether. From cach end of the arch-like portion arise
a pair of projections. Those at the hinder end fit in
between those of the forward end of the next vertebra
behind.

Fit two vertebrace together and observe the way in
which the arches form a continuous tube and that small
openings occur at the sides of this between them. A good
idea of the shape of the cavity can be obtained in the
following way. Place two vertebrac end to end and fill
the tunnel formed by the archesx with plasticine forced
in from the ends. Then remove the bones and look at
the rough cast which has been made.
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EXERCISES.

1. Make u sketch of a vertebra seen from the front, cnlarged.

2. Draw a vertebra scen from the side.

3. Draw a vertebra from that part of the backbone which bears
the ribs, as seen in various positions.

4. Make sketches of a neck vertehra.

5. Draw the rongh cast made of the tunnel formed by the arches
of the vertebrace.

6. Draw vertehrae from any other animals obtainable.

The brain.

During the life of the animal the brain case is
occupied by a soft pinkish-white mass of substance
called the brain. Figure 5 shows the brain of the
abbit as seen from the upper surface. It is seen to
be a roughly pear-shaped organ with the stalk end
pointing forwards. At the front end are two projections
one on each side.

These are the parts specially concerned with the
sense of smell ; they run down to the front end of the
skull and are separated from the cavity of the nose
only by the thin perforated plate of bone already
described.

Behind these and forming the front two-thirds of
the brain arc two large pointed objects side by side,
whose upper surface is rounded and smooth. These
are called the hemispheres.

Immediately behind them is a rather irregular mass
covered over with folds and grooves in a complex way.
It is roughly divided into three parts, one in the middle
and one on either side, and may be conveniently named
the hind brain. Behind it the brain tapers very rapidly
and passes into the spinal cord.
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The spinal cord and nerves.

The spinal cord or spinal marrow is a long white
cord which in a sheep is as thick as the little finger.
It is seen as a soft pinkish-white string in the back-
bone when a carcass is divided lengthways by the
butcher, hence the name “spinal marrow.” A piece

...... Ol/'acl‘ory /()A(’

___Cerébral
Hemsphere

Fig. 5. Brain of rabbit seen from the back
(After Wiedersheim)
dissected from such a carcass will often show the form
of the cord or if preferred a piece some two or three
inches long can be removed from a rabbit.
The material used should first be hardened in
formalin and then cut across at the end so as to give
a clear idea of the forwa of the cord in section.
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Place the piece of cord with the back surface upper-
most and notice the groove which runs lengthways along
the middle line.

Notice the nerves which arise in pairs from the sides
of the cord. Fach of these arises by two roots or two
groups of roots one of them immediately behind the
other. [s any other difference noticeable between the
roots? Turn the cord over and cxamine the under
surface. Note the groove running along the middle
line as in the upper surface. Look at the cut end of
the cord and sce if any trace can be found of the small
hole which runs along the tube from end to end.  Sce
also whether any distinction can be discovered between
a gray H-shaped portion of the cord lying in the centre
and a white portion lying toward the outside. Make
carcful sketches to illustrate what you see.

Isach of the sense-organs is connected by fine threads,
called nerves, with the brain.  If the brain of a living
animal is damaged it can no longer feel or act and may
very probably die. If the nerve is divided no further
sensation can be received from the particular sense-
organ with which it is connected. A somewhat similar
result follows when a nerve is tightly tied or compressed.

EXERCISE 5. Observe the effect of sitting for 20
muinutes weith the legs crossed.

The foot of the upper leg gradually “goes to sleep,”
i.e. ceases to feel, and in the end the power of movement
may be lost. This is due to the compression of the nerve
which supplies the skin and muscles of the foot.

The examination of nerve.
Obtain a short piece of one of the larger nerves of
the frog. To obtain this mogt couveniently open a
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recently-killed frog from the lower side.  Press all the
organs to one side including the kidney of the other
side.  Behind this can now be seen a group of large
nerves running  backward parallel to the vertebral
column.  Any onc of these will servel,

Suitable picces of nerve can also be casily obtained
from a sheep’s head, which could also be used for the
preparation of the skull as already oxplained, p. 6.
A large nerve will be found crossing the face obliquely
downwards passing trom just beneath the eye toward
the margin of the upper jaw.  Wash the nerve carefully

R
Z/}g

\Place where Sfatty sheath

(s absent

Jingle
fLbre
Fig. 6. Longitudinal section of nerve
(Magnified ; for explanation see p. 16)

and examine it in a drop of salt water upon a glass plate.
Notice the small fibres of which the nerve is made up.
Try to separate these by means of a pair of mounted
needles (two large darning needles stuck through corks
will do). Notice that a sort of tough sheath holds the
fibres together.  If a microscope can be used place a
short picce of the nerve teased out in salt solution
beneath it and examine it under as high a power as
can be used.  Sec whether the form of the individual

1 For details as to the dissection of the frog, examination of nerve,

ete., The Frog, by A. Milnes Marshall, published by J. 1. Cornish, may
be consulted. .
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fibres can be made out. This is not very easily seen
without a good deal of practice in handling a microscope,
so a figure of a few nerve fibres is shown below. In the
centre of each fibre is seen a cylindrical cord ; round
this lies a fatty sheath which in its turn is surrounded
by a very thin outer sheath only to be seen with
difficulty. The inner sheath is here and there inter-
rupted by the outer sheath closing in so as to touch
the central cylinder. One of these intcrruptions is
shown in Fig. 6.

Nerve Fibre with ils own
Shealh

C‘c}ofer wire

Hect
Gulla percha 7 /Lz‘e’;yee

Srbdres
//em/a

Shkealhing
wires

Tarred h?oe

Fig. 7. Transverse section of Atlantic Cable and nerve

(Messages are carried by nerve fibres and by the copper wire)

Nerves have often been compared to electric cables
where the actual conducting part used is a small cord
in the centre, all the rest being made up of various kinds
of packing. The comparison is illustrated in Fig. 7 which
shows transverse sections of nerve and cable side by
side.

At the end furthest from the brain the nerve ends
in a special kind of branched ending which serves as
a receiving station for sensations. These receiving
stations are so closely placed that there is practically
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no part of the skin where a point can be placed without
being felt.

There are other nerves running out from the brain
which do not end near the skin at all. Instead they
end in a special manner in muscles. Their purpose is
to convey messages from the brain to the muscles in
which they end. The kind of messages conveyed by
them are impulses that certain movements shall be
carricd out. .

In the chapters that follow we shall study the cx-
pericnces which are obtained by the action of various
nerves and, later, the carrying out of actions.

CHAPTER III
THE SENSE OF TOUCH

The kinds of information supplied by touches—DPosition of touches—
Size of touches—Pressure of touches—Comparison of touches—
Weber’s Law

Apparatus and materials required.

Miscellaneous objects, e.g. cork, pen, ink-pot, ball, ete.
Dividers, knitting meedle, corks, needles. Post-cards,
Jfine silk thread, Bunsen burner and tripod with sand-
bath. Test tubes, burette. Cartridge-cases, shot, suw-
dust. Fine copper or aluminium wire. Awniline
pencil. :

Messrs Cussons of The Techwical Works, Broughton,
Manchester, supply flat brass slotted weights of values
15 Ib., S5 Ib., and %, Ib. which would be convenient for
some of these experimeniy.
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18 The Sense of Touch

The meaning of the term ‘‘touch.”

A touch from any one object is really quite a com-
plicated affair and may supply the person touched with
quite a number of different kinds of information. This
is illustrated by the following experiment.

ExXERCISE 6.  To illustrate the different kinds of
mformation which can be obtained from a single touch.

Allow some object to rest for a few moments upon
the palm of the hand. Without looking at the object
answer the following questions : Ts it hot or cold ? heavy
or light? Does it cover half the palm ? or less ? or more ?
What part of the palm exactly is it in contact with ?

Repeat the experiment with a number of different
objects, e.g. a pen, ink-pot, cricket-ball, a feather, a
tumbler of warm water, etc. Write down one-word
answers to each question for each object tricd. Arrange
the results in a table thus :—

, Pen | Ink-pot | Cricket-ball
\

Hot or Cold \
Heavy or Light }
|
!
1

Half-palm or [
more or less : l
{

i
|
|
|
|

On

Can any further observations be made about the
objects? Is such observation really new or a com-
bination of previous observations ?

The results of this experiment show that any one
touch may give the following kinds of information :—

(1) Information as to what part of the body is
touched.
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(2) TInformation as to the size of the object.

(3) Information as to the pressure that is exerted
upon the skin by the object touched.

(4) Information as to the temperature of the object
touched.

Such information as is obtained in this way can be
made more accurate by other means, e.g. if it is wished
to judge temperature more accurately a thermometer
is used, while pressures can be measured with weights
and a balance.

We next go on to enquire with what degree of
accuracy the sense of touch will work when unassisted
by any apparatus.

Position.

The accuracy with which the position of a touch can
be judged is most simply tested by discovering how far
apart a pair of points must be in order to be scparately
distinguished.

EXERCISE 7. To see how far apart twro simultaneous
touches must be in order to be separately distinguished.

Before beginning to experiment decide on the exact
part of the body to be tested. It is convenient to make
a light mark with an aniline pencil upon it so as to be
certain of the place, say the back of the hand. A con-
venient apparatus for use is an ordinary pair of dividers
such as is shown in Fig. 8. The same figure shows a
home-made piece of apparatus which could also be used
for the same purpose.

Between the legs of the dividers at A is shown a
small narrow wooden wedge which is a useful means
of slowly separating the points. In the alternative
apparatus to the right /3 is a knitting needle on which

2—2



20 The Sense of Touch

two small corks C are slipped. The letter D is at the
heads of two needles whose points are driven into the
corks. By sliding the corks along the knitting needle
the heads of the needles at 1) can be scparated by any
interval required.

Fig. 8. Apparatus for testing accuracy of
judgment of position by touch
(At A is a small wedge to separate the
legs of the dividers)

In making the test the person tested, who for con-
venience is often referred to as the subject of the
experiment, should know what is being done but should
not watch the experiment. Take the pair of dividers
or the needles and arrange them so that the two points
can be quite easily distinguished as two. Touch the skin
at the place to be tested and repeat the experiment,
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gradually bringing the points nearer and nearer together
until a difliculty is found in distinguishing between one
touch or two. In this way a distance can be found
which is roughly speaking the answer to the problem
suggested at the head of this exercise.

To obtain a more accurate result account must be
taken of the fact that the answers given by the subject
will not always be the same for the same distance. Thus
in one experiment he may say “two” when the points
are 5 mm. apart, yet on a second trial he may answer
“one” for the same distance. It is usual to get over
this difficulty by taking that distance at which cight
out of ten answers are given correctly.  Having found
a rough result as deseribed above, the apparatus is next
set at a distance just great cnough to enable the two
points to be separately distinguished. Ten trials should
now be made with the points separated by this distance
and among them arranged in irregular order ten cases
in which only one touch was used.

The answers given should be recorded in a table like
the following :—

No. of times two

How far ; pts. correctly
apart | recognised
I_.* - -
T L AN :

| [No.of pts. used |1 - 2{2{1 1:1]2 2 ecte. -

11 mm. [ ! i 1 ‘
I\ Answer given 122111 1[2 2 etc. 10
| 0 i i
!IA\'O. of pts. used i

10 mm. |
? | Answer given

9 mm. ‘fNo. of pts. used

| Answer given

ete. (ﬁc. etc.
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Test in this way the following parts of the body :
(1) centre of palm, (2) centre of each finger tip, (3) back
of forearm two inches above wrist, (4) back of hand,
(5) knuckles when fingers arc bent, (6) the same when

fingers are extended, (7) any other part of the body
cagily accessible.

‘“8ize ”’ of touches.

It has been shown in a preliminary experiment that
sensations of touch can be distinguished according to
size. A large burn feels different from a small one even
though both may have been produced by objects of
equal temperature. In our ordinary experience we do
not distinguish this feeling of size from the local quality
of the sensation, i.c. the sensation occupies a space and
this space is definitely felt by us to be on some special
part of our bodies. If a glove is put on the left hand
and another put on the right, two sensations are pro-
duced which are about the same, as far as size is con-
cerned, but totally different as to place.

To test the accuracy with which the size of an object
can be judged by the sensation it produces, a method
similar to that used in the last experiment may be
employed. We may discover e.z. what is the shortest
line which can be distinguished as a line and is not
merely felt as a blunt point.

EXERCISE 8. To see how short a line can be dis-
tinguished from a point by touch.

Cut out a series of cardboard oblongs of any con-
venient length to handle, e.g. 10 cm., and of various
widths ranging from 1 mm. to 20 mm. (Fig. 9.

The strips may be very dasily cut out by pasting
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a sheet of squared millimetre paper upon the card and
using a sharp knife.

Get your partner to touch you with each of these
lines in succession until one is reached which is just
recognisable as a line.

Repeat the exercise but start with a line easily felt
as such and work downwards until a line is reached
which seems exactly like a blunt point. The mean of
these two results may be used as the shortest line
recognisable as such.

/I mm, wide

2mm. wrde

3 mm. wrde

4L mm. wide

Fig. 9. Method of making card edges of various lengths

This method is extremely rough but it would be
possible without difficulty to modify the method of
Exercise 7, p. 19 to suit this one. The working out
of this is left to the pupil as a problem.

Pressure.

We next proceed to make similar experiments with
regard to sensations of ptessure.
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EXERCISE 9. T'o see what is the smallest weight
which can be detected by touch.

Take an ordinary thin post-card and find its weight,
or better, cut out a square of thin card whose side is
10 em. and weigh that. Find the arca of the card in
use and from the results calculate the weight of 1 sq.
cm. of it. Next cut out a series of strips of the same
card 1 cm. wide and of various lengths, e.g. 2 cm., 3 cm.
and so on up to 10 cm. The areas of these strips should
next be written upon them and their weights calculated.

A
B
Fig. 10.
Weight for finding least perceptible weight
A=card

2 3q. em. enclosed by dotted lines = folds
B=card weight ready to use

They can then be attached to very fine threads of silk
about 6” long. The attachment is best secured by
folding up the edges of the card so that it can rest
on a surface 1 em. square and then passing the silk
through the turned up edges. Fig. 10 shows a diagram
of such a weight and Fig. 10a shows the weight in use.

The apparatus is now ready for use. The person to
be tested closes his eves or turns away his head and the
cxperimenter gently lowers the cardboard weights in
turn on to the hand or the part of the body to be tested,
until a distinct weight is felt. «
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The person making the experiment records the first
weight which is felt by the subject.  As in previous
experiments a difticulty may arise from the fact that
the subject will sometimes feel a lighter weight than
at other times and, as before, this may be overcome by
selecting that weight which is felt eight times in ten
trials.

Fig. 10.a.
Cardboard weight as used for testing least perceptible weight

It is well to check the calculated weights of the
cards by actual weighing as cardboard is apt to vary
somewhat in weight.

It is also important to note that it is quite possible
to feel an object as hot or cold without being aware of
any pressure exerted by it. To avoid the difliculty which
this causes it is convenient to have at hand a Bunsen
burner turned low under an asbestos card or sand-bath.,
The weights can then be kept at about body temperature.

Use these weights to test the following parts of the
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body : centre of palm, finger tips, ball of thumb, back
of hand, back of fore-arm, cheek, forehead.

Do the small hairs with which the skin is covered
affect the result? What difference if any is produced
by shaving them oft' with a razor or a sharp knife ?

What effect is produced if during the experiment
the mind is concentrated on something else, e.g. a stiff
piece of multiplication ?

Comparison of sensations.

So far we have tested sensitiveness by finding out
how small a stimulus can be just detected at all. We
may measure equally well the amount by which a
stimulus once felt must be increased in order that any
difference may be noticed, e.g. we found in Ex. 8 that
until the points of the dividers were a certain distance
apart they were not felt as two points at all.  How much
must the distance between them be increased in order
that they may be felt as distinctly wider apart? Or
again (Iix. 9), it has been seen that until a line is a
certain length it is not felt as a line at all; by how
much must its length be increased when once it has
been felt in order to seem definitely longer ? We should
in this casc be measuring the power of distingunishing
between objects or power of discrimination.

It may be remarked by way of illustration that
supposing it is desired to test the accuracy of a balance
the same kind of experiment might be made. Either
very minute weights could be used and that one deter-
mined which would just cause the balance to turn visibly;
or a certain “load” might be placed in the pans and
one side gradually increased until it had been found
out by what fraction of itself a weight must be increased
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for the balance to detect the difference. [Really the
plan more often adopted is to put a known load, say
100 grms,, on each pan with an extra ‘01 grm. on one
of the pans and measurc on a divided scale the corre-
sponding deflection of the pointer.]

So in experimenting on the sensation of pressure
we have first determined how large a weight must be
to be felt at all ; we next attempt to discover how much
a weight must be increased to feel distinctly heavier.

EXERCISE 10, Find out by what fraction of itself
a weight must be increased in order that the difference
may be noticed.

Take two test-tubes and seccotine on to the bottom
of cach 1 square centimetre of card. When the card
has become firmly fixed, find the weights of the two
test-tubes and counterpoise them cxactly with shot.
Fill a burctte with water and read the level.

Place the two test-tubes in succession upon the part
to be tested and then gradually run into onc of them
a few c.c. of water from the burette. Again place them
in turn upon the area of the skin to be tested and sce
if the increase in weight is noticed. Go on adding water
to one of the tubes until there is a noticeable increase.

A preliminary trial will show about how much water
must be added. Successive trials can then be made in
which the water can be added fairly rapidly at first and
the point where the difterence is first perceived can then
be approached more gradually.

A more exact method of carrying out the same
experiment.

A more exact method of carrying out this experiment
consists in using a set of weights similar in appearance
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but varying in weight from say 15 grms. to 25 grms.
These can be made in the manner suggested by Galton
in Inquiries into Huwman Faculty. It is also easy
to make them of test-tubes with cards stuck on the
rounded ends. These can then be made up to the
necessary weights with shot. It is clearly a useful plan
to start by finding the average weight of one shot. When
such a series of weights has been prepared, four different
determinations can be made with them.

Starting with a certain standard, let us say 20 grmms.,
the standard may be compared with 21 grms., 22 grms., etc.,
until a weight is reached which is recognised as heavier.

On the other hand the 20 grm. standard might
be compared first with a clearly different weight ; say
25 grms. or some other number shown to be large
enough by a rough preliminary test, and then with a
gradually decreasing series 24 grms,, 23 grms., 22 grms.,
cte., until a weight is reached which the person experi-
mented upon fails to detect as different.

In just the same way the standard weight of 20 grms.
might be compared with weights less than itself, and
again in two ways first starting with two weights which
seem the same and afterwards with two weights which
seem different.

In this way four values would be obtained for the
just observable difference between 20 grms. and any
other weight. The mean of these four values is usually
taken as the just observable difference.

The result is still somewhat rough as we have taken
no means to ensurc that the order in which the two
weights are tried in each comparison does not affect
the result. To ensure this it would be necessary to

1 #Everyman’s Library "éidition, p. 250.
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repeat every trial twice, first taking the standard weight
first and then the other. The following table shows all
the series of comparisons which could be made.

Repeat this experiment with as much accuracy as
time will allow and taking different starting points, e.g.
20 grms., 40 grms,, 50 grms,, ctc.

A somewhat different method of experimenting with
the same weights by means of the muscular sense or
sense of resistance to movement will be described in
Chapter V1.

Standard =20 grms,

Cowparison with lighter weights - Comparison with heavier weights

Standard first. b Stundard first.
Going away from standard, © Going away from standard,
20 and 19, 20 and 18, 20 ' 20 and 21, 20 and 22, 20

and 17, ete. } and 23, ete.

Going  towards  standard,
20 and 15, 20 and 16, 20
and 17, cte.

Going  towards  standard,
20 and 25, 20 and 24, 20
and 23, etc.

Ntandard gecond, Standard second.

Going away from standard,
19 and 20, 18 and 20, 17
and 20, cte. and 20, ete.

Going  towards  standard, Going  towards  standard,
15 and 20, 16 and 20, 17 25 and 20, 24 and 20, 23
and 20, cte. ' and 20, ete.

Going away from standard,
21 and 20, 22 and 20, 23

Weber’s Law.

Carefully arranged experiments of this sort have
shown that the following fact is broadly speaking true.
If two weights are taken which are just distinguish-
able, the difference between them will be a certain
definite fraction of the smaller weight no matter
what the smaller weight is.



30 The Sense of Touch

To take an actual example ; if a weight of 21 grms.
rested on the finger tip is just noticeably different from
a weight of 20 grms,, then any standard weight will have
to be increased by 4 of itself before the difference is
felt. If for instance a 40 grm. weight had been the
starting point, the increase necessary would have been
45 of 40 grms,, i.e. 2 grms., or in other words a 42 grm.
weight would be just distinguishably heavier than a
40 grm. weight.

The following exercise may help to make the point
clear.

EXERCISE 11.  Given that any weight must be in-
creased by 1/n of itself to be felt as distinctly heavier,what
weight will be just noticeably heavier than x grms. ?

The law which has here been described at some
length for sensations of weight is named after its dis-
coverer Weber’s Law. [t applies not only to sensations
of weight, but also to very many sensations such as light,
loudness of sounds and many others.

Its effects are very numerous in everyday life. A
rich man gives ls. and a poor man 2d. to a porter who
does the same service for each. The reason is in part
that they each give a just noticeable fraction of the
contents of their pockets.

EXERCISES.

1. What difficulties are met with in tying a piece of cotton ?
Why is it easier to tic a picce of rope?

2. Repeat Ex. 6 but instead of bringing down both points at
the same moment bring one down a fraction of a second before the
other.

3. Given that a line must be increased by 1/n of its own length

to seem longer, how long must a line .« em. long be made to be felt
as distinetly longer ?
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4. Place a test-tube with card on the end as used in Ex. 9, p. 24
on the back of the hand and run water in slowly from a burette.
How much must be added before the test-tube feels heavier 7 Com-
pare with the result of Ex. 9.

5. Place 100 grms. on each pan of a chemical balance. Then
add cantiously 5, 10, 15, ctc., mm. of very fine aluminium or copper
wire until the pointer swings over by 1 scale division,  Repent the
experiment with a load of 200 grms. on cach pan and also with lighter
loads. Do you find any connection between the load and the length
of wire which must be added to make the balance tarn ?

CHAPTER 1V
HEAT, COLD AND PAIN

The indifference point—Circumstances which affect the indifference
point—Heat and cold spots—An illustration of pain

Apparatus and materials required.

Thermometers, beakers, tripods, with gauze or
sand-bath, Bunsen burners, glass rod.

Information received by the skin about tem-
perature.

It has already been noticed (p. 19) that any object
touched is felt to be either hot, cold, or indifferent.

EXERCISE 12, To find at what temperature water
Jeels neither hot nor cold.

Place a beaker of water on a tripod over a Bunsen
burner turned very low and warm very slowly. Stir
every few minutes with a thermometer, At intervals,
say every five minutes, push the forefinger into the
water up to the knuckle and note (1) the temperature
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and (2) whether the water feels hot, cold, or neither.
It is convenient to do the experiment two or three
times over, in the first case passing fairly rapidly up
the scale and in the second proceeding more slowly
when approaching the point where the water feels in-
different.

This experiment illustrates the fact that there is
a certain temperature at which a substance feels neither
hot nor cold to the skin. This is sometimes called the
indifference point. Our next two cxperiments will
illustrate two conditions under which the indifference
point may change.

EXERCISE 13, Find the indifference point when the
part tested is kept cold between the times of testing.

Repeat the last exercise but keep the finger between
times in a stream of cold water or else immerse for a
few minutes in ice cold water just before cach test.

EXERCISE 14.  Find out what effect if any is pro-
duced on the indifference point by altering the surface
of the skin acted upon.

Repeat Exercise 12 but in each case immerse two
fingers or, if the vessel is large enough, the whole hand
in making each test.

The results should show that it is quite possible to
shift the indifference point from its usual position by
previously exposing the part tested to a different tem-
perature and further that the indifference point depends,
at least in part, upon the area of the skin affected.

To obtain more exact information on the subject of
the accuracy with which temperatures can be judged
by hand the same kind of method could be used as has
been suggested in the case of other sensations. Thus
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we might start with a body of indifferent temperature
and see how far from that we must go before we get
any feeling of temperature at all, hot or cold as the case
may be. This is like finding the least noticeable weight.
On the other hand we might start with an object which
felt hot and find out how much its temperature must be

Fig. 11,
(ilass rod, as used for showing
heat and cold spots

(The beaker contains hot or cold
water as required)

increased in order that it should feel distinctly warmer.
This would be like finding the least noticeable increase
in a given weight.

To carry out such experiments carefully graduated
thermometers are required and the methods will not be
dealt with here. For fulleg information concerning them

DELL 3
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reference should be made to the works cited in the
appendix.

Heat and cold spots.

EXERCISE 15.  To show that certain parts of the
skin are specially sensitive to heat and cold.

Take scveral pieces of glass rod and draw each out
to a blunt point. (See Fig. 11.)

Allow some of them to stand in hot water, others in
the coldest obtainable.

Take a rod from the hot water, wipe it dry quickly
and draw the point slowly over the back of the hand.

Repeat with one of the cold rods.

Do you not find that the hot and cold points of the
rods are more easily felt as hot or cold in certain positions
than in others ?

There are in fact small spots on the skin which are
specially sensitive to cold and others specially sensitive
to heat. These are sometimes referred to as cold spots
and heat spots.

See if you can map out a cold spot by drawing the
cold rod across it again and again along parallel lines
very near together.

Pain.

Such a sensation as that of warmth is pleasant. So
also sensations of pressure if not too strong are by no
means disagreeable. In either case however if the
sensation is made very intense it takes on the special
character of pain.

EXERCISE 16. How hot must water be in order to
be felt as painful.
Take a convenient quantity of water in a beaker or
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a small saucepan and raise the temperature slowly as in
Exercise 12. At intervals stir with a thermometer, read
the temperature, and feel with the forefinger, immersing
it just as far as the crease of the knuckle cach time.

Record the temperature at which the water just
begins to feel painful.

EXERCISES.

1. Make a careful enlarged drawing of a clinieal thermometer
twice natural size. What is the temperature marked by the arrow ?
At what temperature would a clinical thermometer be likely to burst ?
Why does a clinical thermometer have to bhe shaken before being
used ?

2. Find the temperature of your mouth. If you cannot do this
accurately try to take the temperature of your ncighbour's mouth,
both Centigrade and Fuhrenheit.  This is called blood heat.  Use
a clinical thermometer if you can get one.

3. Take the temperature of a hot bath or basin of hot water and
record :

|

' o | em
; Unpleasantly chilly

!

Not quite hot enough

Hot enough

( Not too hot

| Rather too hot i

How do these temperatures compare with blood heat, 98°4° 1. ¢

4, Take two thermometers; immerse the bulb of one in hot
water and rest the other on the back of the hand.  After a few
minutes remove the one from the hot water and place it alongside
the other on the back of the hand. Say when the two bulbs feel
cqually warm. Note the actual difference in temperature hetween
them as shown by the thermometer scales.

3—2
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CHAPTER V

THE MACHINERY OF MOVEMENT

Movement and touch—Bones and possible movements—Ilinge
Jjoints and buall-and-socket joints—Muscles and how they pro-
duce movements

Apparatus and materials required.

Miscellaneous objects, e.g. ball, sponge, stick of
sealing wax, cte. Skeletow of rabbit.  Sheets of draw-
ing paper 24" x 6", cardboard, elastic, paper jasteners.
Dead rabbit.

Movement and touch.

Experiments have been described earlier in this
book showing how certain kinds of information can be
obtained about objects which are simply allowed to
rest upon the skin. If however further information is
required about any thing than can be obtained by
merely touching it, it is next handled, i.e. the fingers or
the hand are passed over the surface of the object, it is
lifted, pinched and so on. By treating the object in this
way further information is obtained about its weight
and size and also one learns whether it is hard or soft.

EXERCISE 17.  To compare the information obtatned
by handling an object with that obtained by merely
touching t.

Handle, with the eyes closed, a stick of sealing wax,
a lump of putty, a large cork, a block of wood, etc. In
each case try first the effect of resting the object for
a few moments on the hand and then the effect of
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moving it, squeezing it, etc. Tabulate your results to
show how far the information given by the second

Fig. 12, Bones of human arm

method («) supports and () adds to that obtained by
the first.
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TABLE
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The means by which parts of the body move.

Iixamine the skeleton of a rabbit, in particular that
of one of the limbs. Examine the fore-limb first and
afterwards compare carcfully with the hind-limb. (See
Fig. 13.) Also compare the human arm, Fig. 12.

Notice that the fore-limb is attached to a large
blade-shaped bone, the shoulder-blade, which has a
ridge running along one side of it. To this the bone of
the upper arm is fixed by a ball-and-socket joint.
Find out by experimenting on the bones of a rabbit in
how many different directions the upper arm can be
moved on the shoulder-blade.

Next examine the bones of the fore-arm and find
out how they are joined together and also how they are
joined to the bone of the upper arm. The name hinge
Joint is sometimes given to a joint of this kind. When
the upper arm is kept fixed, in how many different
directions can the fore-arm be moved upon it ?

Turn finally to the- bones which make up the fore-
foot or “hand” of the rabbit. The general plan on
which the bones of the fore-limb and hand of any land
animal are arranged is the same. The easiest way to
understand the bones of the rabbit’s wrist and hand is
to compare them with the general plan. Nearest the
arm we usually find a row of three small squarish bones.
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Then follows a single central bone opposite the middle
of the row ; then a second row of small bones like the
first but five in number. These bones make up the
wrist. Following them we have a row of five longish
bones from the outer end of each of which a finger
springs. The long bones are all covered by the same
skin but cach finger has its own sheath of flesh and
skin.

The fingers themselves are made up of differing
numbers of shortish bones which are sometimes named
phalanges. A diagram of this gencral plan is given
below.

Fhalanges

Nelacarpal bones

! ;. Carmpal bores
vy Radius

; Humerus
Ulna

Fig. 13. Diagram of bones of a fore-limb
(The two bones which are fused in the rabbit are
surrounded by a dotted line)

The fore-limb of the rabbit is exactly like this, but
two of the small bones in the row farthest from the arm
fuse into one. The two which fuse are the two on the
thumb side of the wrist. The thumb of a rabbit is
not casily recognisable in itself but can be found by
remembering that a rabbit’s fore-feet are planted palm
downwards and the thumbs are accordingly toward the
middle side.

Make a drawing of the bones of the fore-foot of
the rabbit together with the bones of the limb which
carry it.
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Fig. 14. Radiograph of human hand and wrist
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EXKERCISES,
1. Make a drawing of the bones of a rabbit’s hind-limb and foot
and compare with those of the fore-limb,
2. Try to make out by fecling through the skin how the bones
of your own hand and arm compare with those of the rabbit.

3. Fig. 14 is a radiograph of the bones of a human hand and
wrist.  Try by holding your hand in front of a very strong light, say
a magic lantern, whether you can find the corresponding bones in
your own hand.

Compare the result with the bones of the rabbit.

4. If a living or recently killed rabbit or cat can be obtained,
examine the foot carefully to see in what directions the various Jjoints
will bend on one another.

5. Examine the skeleton of a rabbit and find out all the places
where there are (@) ball-and-socket joints, (b) hinge joints. Do you
find any joints which scem immovable ?

Possible movements of a human arm.

Holding your shoulder-blade still, find out in how
many different directions the upper arm can be moved.
The easiest way to do this is to make a mark on a wall
level with the shoulder, and standing sideways to it
point the elbow at it. Then try whether the clbow can
be pointed to a spot in front, above, below and behind
the mark in turn. One other possibility of movement
remains ; point the elbow at the spot and see if it can
be turned round on itself still keeping it pointing in the
same direction.

Try a similar experiment with the fore-arm pointing
the wrist to a fixed mark. Use cxactly the same
method but take special care not to move the upper
arm. This can easily be managed by holding it to the
side of the body with the other hand ; any involuntary
movement can then be at once checked.

The wrist is not a sigyple joint and the individual
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bones are many and not arranged in a simple manner.
The net result of their movements on one another may
be made out by the same methods as have been used
above. The wrist acts like a two-jointed hinge, i.e. it
will bend so as to carry the hand towards the palm or to-
wards the thumb or of course in the opposite directions.

If the above experiments have been carefully worked
through it will have been seen that both the upper arm
and the fore-arm can be twisted round without any
change in their direction. How is this turning accom-
plished in the fore-arm? Turn the hand back and
forwards several times and at the same time feel the
bones of the fore-arm at different points with the other
hand to see how they move on one another.  Previous
examination of the bones of the rabbit will have shown
that in the lower arm there arve two bones one ending
on the thumb side and one on the little finger side of
the arm. When the hand is twisted the lower end of
the bone on the thumb side rolls over the other one.
The upper ends of the bones do not change their
positions, so that when the palm of the hand is upwards
they are parallel but when it is downwards they cross
obliquely.

The field of touch.

If 2 man had a stiff arm fixed by a single hinge joint
like a doll's arm he would only be able to touch points
in a certain particular position, namely those which lay
upon the circumference or part of the circumference of
a circle whose centre was the hinge and whose radius
wasg the length of the stiff arm.  If instead of the hinge
joint his stiff’ arm was fixed by a ball-and-socket joint,
the points he could touch waquld lie upon the surface of
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a hemisphere.  If we imagine this stift arm to have
a second joint hinged to the end of it and then suppose
the two to move independently. the end of the second
Joint would be able to reach an immense varicty of
peints since every point on the surface of the hemisphere
made by the end of the first joint would serve as a centre
for movements of the second.

Now the human arm and hand, as we have already
seen, consist of many joints, some able to move in one
direction and some in another so that, as a result, there
is an almost infinite number of points which can be
touched. In fact there is a space reaching nearly three
feet forwards and on cach side of the shoulders within
which any point can be touched by one hand or the other.

So far we have heen dealing merely with possibilities
of movement without considering what it is which
supplies the motive power.

EXERCISE 18, Feamination of the museles of the
Jore-arm.

Examine your left fore-arm and hand with the palm
surface upwards.  Lay the right hand upon the left
forc-arm and slowly clench the left fist and bend it
upwards ; notice the change in shape of the fleshy part
of the arm and the appearance of at least one thick cord
in the wrist called a leader. By feeling with the tips
of the fingers in the wrist find out if any other cords
can be found. Make a sketch, natural size, of your
wrist and hand to show the features which are revealed
by the movement of the hand in this way.

Turn your arm so that the little finger and edge of
the fore-arm rest upon the table.  Place beneath them
a sheet of drawing paper®  Trace the outline of the arm
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(«) with the hand extended, (b) with the hand closed and
bent as before,

If possible make experiments and drawings showing
whether similar changes take place in the upper arm
when the fore-arm is moved at the elbow.

Find out what changes take place in the calf of the
leg when the foot is moved at the ankle.

Dissection would show that what has so far been
called the fieshy part of the arm is in reality made up
of clastic bundles called muscles.  These are generally
long and narrow and are fixed at their ends to the
bones which have to be moved.  The actual connection
is made by means of tough cords called sinews.
Sinews have already been seen in the wrist, where they
are unusually long and receive the special name of
leaders.  When a movement takes place the muscle
changes its shape, becoming shorter and broader.  As a
result the two parts to which the ends of the sinews are
attached are brought nearer together, and although this
actual amount of shortening of the muscle may be very
small the movement of the parts to which it is fixed
may be considerable.  This will be eaxily understood by
means of a model,

EXERCISE 19, To make a model to show the way
Oc whéch the mnseles aet.

Take two strips of stiff’ card about 20 ins. long and
2 ins. wide. Fix them together by means of a paper
clip passing through the end of one and about 3 ins.
from the end of the other.  These are to represent the
bones of a simple hinge joint. To represent the muscles
take two picces of elastic and fix them as shown by the
dotted lines in Fig. 15. An etsy way to fix them is to



45

The Machivery of Morement

make holes through the cards and fix hooks of copper
The elastic should be

wire to the ends of the elastic.
short enough to be slightly on the streteh in whatever
position the cards are.  To show how the joint is moved
by the muscles, start with the cards and clastic arranged
as in the diagram. Then unhook one picee of clastic.
The other picce will then contract and & movement of

the cards on one another will be the resalt.

A

[ larln

y E \
8 2 y
Faper Cory

fas[encr

Cardboard maodel of hinge joint and museles

Fig. 15.
The exact nature of the movement which occurs
when a muscle-change of this sort takes place in the
body depends entirely upon which points are free to
move. Thus if we imagine that onr model represents
the elbow joint, then A will be the shoulder, B3 the
elbow, and D) the hand. If .42 contracts /) will move
downwards. But suppose /2 is unable to move.  Suppose
for instance that the owyer of the arm is sitting in an
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armchair and places the hands on the arms of it. If
under these conditions AB contracts the only result
that can follow is that E will be raised and the whole
of the upper arm and body with it.

This model will illustrate very well the motions of
the elbow, while if 73 stands for the heel, ) the toes, and
AE the lower part of the leg, the same will serve to
illustrate the action of ‘the ankle.

EXERCISES.

In the following exercises the model should be used and, if
possible, the actual bones compared stage by stage with it.

Use the model to illustrate the following motions of the arm—

1. Using a hammer or chopping wood.

2. Lifting a cup of tea.

3. Pulling up on a horizontal bar.
4. Pushing in a drawing pin.

Also illustrate the following motions of the ankle—

5. Raising a weight on the toe.

6. Rising on tip-toec.

7. Tapping the floor with the toc while the heel rests on the
ground.

Those who know anything of clementary mechanics
will see that in the arrangement of bones and muscles
we really have examples of the apparatus known as the
lever. Just as in mechanies it is possible to distinguish
three classes of levers according to the relative positions
of the power applied, the point on which the lever turns
and the weight moved, so in the body the same three
classes are found. This point is referred to here merely
for the benefit of any who happen to know something
of mechanics ; a full treatment of it is beyond the scope
of this book but may be found in Huxlev's Floniontmum,
Physiology, p. 312.
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CHAPTER VI
THE EXPERIENCE OF MOVEMENT

What we learn by moving—Smallest possible movements—The sizes
of movements—How the sizes of movements are compared—
The method of “average error”’—Resistance overcome by a
movement—~Galton’s weights—Fatigue—Fatigue of the senses—
A caution to experimenters

Apparatus and materials required.

Retort-stand. Weights. Drawing-board. Test-tube
large enough to slide over finger. Strip of wash-leather.
Tacks or drawing-pins. Post-cards. Millimetre paper.
Hanging spring balance. Spring balance made with
elastic, or household scales. Two feet of thin board
with a hole in the centre. Large sheet of patterned
wall-paper. A bunch of strongly scented flowers, e.g.
wallflowers, violets, pinks, lilies or roses, according
to season. Dynamometer. Chip boxes. Cussons’ series
of weights {5 1b., 5 1b., 135 1b.

Kinds of information obtained from move-
ments.

A single movement, like a single touch, gives us
impressions of many kinds. Without enabling us to
distinguish cvery one of these different kinds of impres-
sion with absolute accuracy the following experiment
illustrates two of the principal kinds.

EXERCISE 20. To illustrate two of the principal
kinds of impression produced by muscular movement.

Get your partner to hold his hands about one foot
apart horizontally and closing the eyes move your finger
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from one hand to the other. Repeat the experiment
but in the second case increase the distance through
which the finger travels. The feelings obtained by
making these two movements are not the same, for
in one case the finger is felt to have moved further
than in the other. [t follows that one kind of informa-
tion supplied by a muscular movement is that of the
distance moved.

Now repeat the experiment in another way. Take
a retort-stand and fix a clamp or a ring 20 or 25 cm.
above the base. Raisc the fingers from base to ring
several times, in each case carrying a weight. Begin
with 10 grms. and try in succession 20 grms., 30 grms.,
50 grms., 100 grms., 500 grms., 1000 grms. Notice what
differcnce there is in the various sensations produced.
Here we have sensations of movement which are the
same as far as distance travelled is concerned, but which
differ in the amount of cnergy required for carrying
them out and in the feeling of resistance which is
overcome.

The sizes of movements: active and passive.

Proceeding on the same plan as has already been
followed we now go on to measure the smallest move-
ment which can be felt at all.

So far the only movements which have been con-
sidered have been those which are produced intention-
ally. These are known as active movements. Another
kind of movement is also possible. It is the sort which
takes place when a fixed-wheel (i.e. not free-wheel)
bicycle runs away down a hill. The legs of the rider
are moved up and down involuntarily by the pedals.
Such movements are called passive movements.
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EXERCISE 21, To measure the smallest angle through
which a joint can be moved voluntarily.

The size of the angle through which a Jjoint turns is
not the only means of measuring the amount of move-
ment, but in this case it happens to be a simple and
convenicnt method.

Fix a test-tube over the end of the forefinger like
a long thimble reaching down to the knuckle. Carefully

Dra wing board

&t’t
A“??'
L~
fl),L%’_, Test tube
L)
£
4,,/%
/
Fig. 16.

Apparatus for measuring the smallest angle
through which a joint can be turned

fix it in position by means of small wedges of paper so
that the finger cannot move without moving the test-
tube also. Fix the first joint of the finger to a drawing
board by means of a strip of wash-leather and drawing
pins. (See Fig. 16.)

Lay a ruler alongside the test-tube and rule a line
along it with a sharp pencil to indicate the dircction in
which the finger is pointing as shown bv the edoe of
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the test-tube. Bend the finger by as small an amount as
possible, again lay the ruler alongside the test-tube and
rule a second line. The lines must then be produced
till they meet and the angle between them is the angle
through which the finger has been moved.

Repeat the experiment several times and take the
mean of your results.

Use this method to compare the accuracy with which
the fingers of the right and left hands can be moved.

Repeat the experiments, but instead of moving
actively, allow the finger to be moved passively by
some one else.

‘The method of average error.

The measurements just made correspond to measure-
ments of the just observable weight, the shortest card-
cdge perceptible as a line, ete.  Following the same
method we have used before we naturally next try to
measure the power of distinguishing between movements
of different sizes. To do this a method which has not
been used before is convenient. It consists of making
a series of movements all intended to be of the same
size and then measuring the average error.

Testing the keenness of observation has been com-
pared carlier in this book to testing a balance. The
same illustration may help to make clear what is meant
by the method of average error.

If it were desired to test whether a certain balance
could distinguish between onc weight and another, it
would be possible to do so by placing equal weights
on the two scale pans and then gradually adding to one
until the pointer of the balance showed a visible move-
ment. This minimum weight to make a just visible
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movement of the balance will largely depend upon how
sharp or how blunt the knife edges are. If the knife
edges are rusty, perhaps a centigram will not make the
balance stir at all. If the edges arc really sharp a tenth
of a milligram may be cnough to move the pointer a
little, although so little that a magnifying glass may be
required to see the movement.

Fost cara
Copy made with
Standurd Close eyes and
line Covered with
L€ as soon
as made
Fig. 17.

Materials for testing the accuracy with which the
amount of movement can be judged

As an alternative we might keep a fixed weight on
one pan and weigh out on the other several amounts of
sand or shot which the balance thus indicated as just
equal to the weight. According to this balance all these
weights of sand or shot would be cqual to one another.
Now let them all be weighed on a much more accurate
balance. If the balance which was being tested was
really perfectly correct they ewould all actually weigh

4—-2
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the same. If it was not very delicate, some would be
too heavy and others too light, while some might happen
to be correct notwithstanding. The more inaccurate
the first balance the greater would be the errors, or
differences from the correct result, as obtained on the
sccond balance. The average error will therefore give
a good idea of the accuracy of the first balance. It
should be noted that we are not considering such in-
accuracies as would cause a certain fixed error every
time, as would be the case if the pans were unequal
in weight, but simply the certainty with which the first
balance will distinguish between one weight and another.

Exgroise 22, To find the accuracy with which a
set of muscles can be made to move through a fixed
distance wsing the method of average ervor.

Rule a line 5 cm. long on a card and place it in front
of you on a picce of paper in such a position that the
line is vertical. (Fig. 17.) Take a sharp-pointed pencil
and draw it twice down the line from end to end. Close
the eyes and make a vertical mark on the paper which
feels to be the same length as the line, cover with the
card and repeat. Do this ten times but do not examine
the results until all are completed. Then measure each
of them as accurately as possible. Calculate the mean
of the ten results.

Here is the result of an actual experiment.

No.oftrial 1 2 3 4 5‘Gi7:8i9 10 |
l ‘

. | ! |
| Length of $15 430 420 456 414427 4 >8’46‘ 194 2
i lmodx‘awn ;, |

The mean =31 cm.
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We next proceed to find how much each result differs
from the mean. The first is 16 cm. smaller. The second
‘03 cm. larger, ctc. In this way we obtain the following
table

No. of trial | 1 2 3 | 4 E H

|
|
‘ |
Difference | 03|11 2517 04| 03 36! 06
I

V
|
.
|
|
I _—
i
I from mean

Mean of the differences="-128 cm,, i.c. nearly ‘13 ¢,

o® B’ shots
s oo ®
- ey ? wvv-u-v-v-—v2
1
o ,
: As shots ¢ } z
i | )
® f. § §
3
WAMAA-\MAJ L;.am-m*m\-w(
A B
Fig. 18.

Shots at a postage stamp

It will probably be asked “Why should we find the
difference from the mean and not the difference from
the correct result?”

The answer is that there are other causes at work
besides those producing mere inaccuracy. The following
illustration may help to make this point clear. A and B
fire with a miniature rifle at a postage stamp stuck on
a board, giving five shots each. The results are given
above. (Fig. 18.)

B’s shots are all close together but he has missed
every time, and every tinfe in the same direction.
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A has three and a half hits and one and a half misses,
but his shots scatter over a wider arca than B’s. Pro-
bably B is as good a shot as A but something, wind, or
faulty sights, has caused him to miss every time in the
same direction. In order to compare the two results
satisfactorily we should like to know (1) how far from
the centre is a point in the middle of all the shots and
(2) what is the average distance of each shot from this
point. In the same way in using the method of average
error we first find the mean of all the results. This may
be compared to finding a point in the centre of all the
shots. In the case of drawing lines it is 485 cm. and
we conclude that some cause was acting all the time
which tended to make all the results too small. Secondly
we find the average amount by which the results differ
from the mean. This corresponds to finding the average
distance of the individual shots from a point in their
centre, and just as this average distance would measure
the accuracy of the shooting, so the average of all the
differences gives a measure of the accuracy of drawing
the lines.

For fuller information on this subject refcrence

should be made to books on statistics mentioned in
the appendix.

EXERCISE 23. To test the accuracy with which
distances moved by the elbow joint can be judged.

The last experiment was arranged to test the muscles
which move the thumb and forefinger ; in this one it is
designed to test those which bend the arm at the elbow.

Take a post-card and cut four slits in it as shown in
Fig. 19.

Cut out two strips of cefitimetre paper 1 cm. wide
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and 30 cm. long and number cach from below upwards
beginning 10 c¢m. from the bottom. Pass these through
the slits in the card as shown. The apparatus will work
better if a second post-card is pasted on the back of the
first by its edges, so as to keep the strips flat but at
the same time allow them to slide easily. To use the
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Apparatus for judging extent of movements made by an elbow joint

apparatus pin it to the wall and draw both slips of paper
up till 0 is level with the upper slit in cach case. Fold
one of them over 10 cm. above the slit. Now close the
eyes and draw this slip down till the fold catches on
the card. Draw the other slip down through what feels
to be the same distance.s The number which is now
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opposite the top slit on the second slip shows the distance
which was felt to be the same as that through which the
first slip was moved. Have this result noted by someone
else ; re-set at 0 and do the experiment ten times. Cal-
culate the mean of the ten results and find the average
difference from the mean as before. Do not examine
your results till all ten are complete.

Pressure which can be exerted when a muscle
contracts.

We have seen that besides obtaining information
from movements as regards the distance moved we
are also able to observe the resistance overcome. To
lift 2 Ibs. through a certain distance feels different from
lifting one.  Without going into the question of the
cxact source from which these sensations come we
proceed at once to a few simple experiments.

UXERCISE 24, T'o seewhat is the greatest force which
can be exerted by « single set of muscles.

Procure a hanging spring balance graduated up to
25 1bs. and fix it to the clamp of a retort-stand. Arrange
the balance in such a position that its hook and the base
of the stand can be comfortably gripped at the same
time by the thumb and forefinger. Press the thumb
and forefinger together as hard as possible and note the
greatest pressure recorded by the balance. Exert a
steady pressure, i.e. do not jerk. It is useful to lay the
retort-stand on its side as this prevents the possibility
of dragging the spring balance downward with the arm.
Repeat the experiment ten times but allow intervals
between the trials. Why? Take the mean of the
results. Do you find that any other muscles besides
those you are using also comtract at the same time?



The Experience of Movement 57

The instrument used in this experiment is the same
in principle as that sold as a dynamomecter. Fig. 20
shows a rough dynamometer made in this manner.

-\
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Fig. 20. Rough dynamometer

EXERCISE 25, To see with what degree of accuracy
a certain standard pressure can be repeated.

For this experiment a somewhat more accurate form
of balance than the last is necessary. It is best either
to make a spring balance with a strip of elastic and
graduate it in grams by actual experiment or use one
of the so-called household balances in which the pressure
on the spring is indicated on a circular dial in front. If
the latter is used a boardds required as a rest for the
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arm. The rest should be about 2 ft. long and a hole
for the finger should be made 10 ins. from one end. It
can then be supported in a convenient position above
the balance by two retort-stands. (See Fig. 21.) To use
the apparatus lay the arm on the board and pass the
finger through the hole. Press on the balance till the
indicator shows a pressure of 11b. Then close the eyes
and repeat the pressure as exactly as possible. Have
someone to make a note of the reading without telling

| Hole lhrough i
which the finger
wpwasses
board for arm rest
| - )
FHousetrold
" Scales Relort
slarid
7 — Vs \

Fig. 21. Apparatus for testing accuracy of judgment of resistnuce

you the result. Repeat the experiment ten times. Cal-
culate the mean and average difference from the mean
as before.

Weighing without a balance.

Weights may also be compared by means of the
“muscular sense ” or feeling of pull on the muscles and
resistance to movement, as when with eyes shut we hold
a 4 oz. weight in the left hand and a letter in the right
hand to find which is heavies, and if uncertain change
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hands and try again before deciding whether the packet
will go by post for a penny.

An exacter test may be made with some known
weights hidden in pill-boxes.  Cussony’ weights  of
olb.="1, & 1b.="05 and [i;1b.=:01 are very con-
venient for the purpose. The class works in pairs.
Each pair have two pill-boxes marked A4 and B respec-
tively. One boy loads the boxes with 10 in A4 and
‘11 in 3 and hands them to the other who tries to tell
which is heavier; he writes down his judgment, then
opens the boxes to sce what they really contain. Try
cach test six times. The record may be kept like
this :—

i |
Which box secmed to be What the boxes really | Right or

! heavier? contained Wrong
: d ; B A B 1
R / ‘
) | f\
: heavier i lighter 100 ‘11 A\
: lighter : heavier ‘10 | 11 R
‘ lighter : heavier ‘. ‘11 | ‘10 W

If your answers are generally right, next try whether
you can distinguish 20 from 20 +01. If the answers
are generally wrong, try whether 05 can be distinguished
from 05 + -01.

It is very useful in a chemical laboratory to have
some idea of the weights of chemicals used without
testing them on the balance. Use the pill-boxes again.
In one of them put a 20 grm. weight. Put sand into the
other until the two boxes feel equally loaded. Then
use a balance and find what weight of sand has actually
been taken. The sand may be weighed whilst still in
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the box, being partly counterpoised by an empty box in
the opposite pan.  Record thus :—

Intended weight of sand = 20 grams,
Real weight of sand = 21'52 grams.

If you now divide by the intended weight, thus
20)2152
1'076

the quotient will show the error *076 as a decimal of the
quantity estimated. In the same way try to cstimate
10 grams and 50 grams, and find the error after dividing
by 10 and by 50 respectively.

Galton’s weights.

The power of judging the energy with which a muscle
contracts and the resistance oftered to the movement
has also been tested by an apparatus described by Sir
Francis Galton in Tuquiries into Human Faenlty from
which the following account is taken. It depends upon
the fact that in order that two weights may be felt as
different the difference between the two must be a
certain fraction of the smaller one.  This is exactly
similar to what we have already scen to be the case
with sensations of pressure on the skin, the apparent
lengths of lines in contact with the skin, etc. and is an
example of what has earlier in this book been called
the Weber-Fechner Law (sce p. 29).

The apparatus used by Galton, which is described in
full in the appendix to the work quoted above, consists
of a number of sets of three weights each, all exactly
alike to the eye. Suppose A, B and ( are the weights
in one set and A is the lightest, then it is arranged that
the difference between A and B is a certain fraction of
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A, and that between 3 and C is the same fraction of B.
The same relation holds between the three members of
each set, but the sets differ from one another in the size
of the fraction. The method in which the weights are
used is this. A set in which the weights differ by a
large fraction is shuffled and handed to the person
to be tested, who arranges them in what scems to him
the order of weight and returns them o the person
making the experiment. The experimenter by a system
of secret marks finds out whether the weights have
been correctly placed or not and hands to the person
to be tested a sccond series in which the ditference
between the weights is smaller.  Other scts with a still
smaller difference are also used until a set is reached in
which two mistakes in ten trials occur. The size of the
fraction by which the weights differ in that scet which
are not correctly arranged gives a measnre of the sensi-
bility. If the fraction is large, the person is not so
sensitive as he is if the fraction is small.

Fatigue.

EXERCISE 26.  T'o illustrate the meaning of fatigue.

Take a spring balance fitted up for measuring the
greatest pressure which can be exerted by the muscles
of the thumb and forefinger (Ex. 24, p. 56). Make a
series of contractions in as rapid succession as possible,
each as great as is possible. Note the results obtained.
The latter results will be less than the first one. This
is an illustration of a familiar fact that when a certain
action has been performed a certain amount of energy
has been used up and the same action cannot be repeated
with the same intensity as before. The condition which
is produced in this way iy called fatigue.
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Mecasure the decrease in the force of grip between
the first and the last of the serics of experiments made
above.

In more careful studies of fatigue the indicating
point of the spring balance is fixed to a writing instru-
ment which makes a line on a sheet of smoked paper
covering a revolving drum.  Each contraction of the
muscles then makes a mark on the paper, the highest
point of which indicates the resistance overcome. Fig, 22
is a picture of a diagram made in this way. Examination

i

s,

Fig. 22, Mosso's diagram

of it shows that when a series of contractions is made
the tops of the curves gradually become lower and lower
as fatigue comes on.

When a rest is allowed the fatigued parts very soon
recover and the whole tracing can be repeated.

Fatigue of the senses.

What has been shown to be true of muscular action
can also be shown to be true of many purely nerve pro-
cesses as well.
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UXERCISE 27.  To illustrate fatique of sight.

Stare fixedly with one eye at a large extent of
patterned wall-paper or a large sheet of graph-paper
held near the eye. Notice whether any part of the
paper gradually becomes blurred.

Repeat the experiment in a faint light and see
whether any part actually vanishes.

Kdgar Allan Poe says “1t is possible to make even
Venus herself vanish from the firmament by a scrutiny
too sustained, too concentrated, too direct’.” Try the
experiment with Venus or a bright fixed star and see
whether you agree with him. The author has succeeded
in the experiment with Jupiter at the end of an un-
usually fatiguing day’s work.

EXERCISE 28, T'o show futigue of the sense of smell.

Bring a bunch of pinks or other strongly scented
flowers into a room and note the way the scent gradually
becomes less noticeable as time goes on.  Go out of the
room for a few minutes and note that the scent acquires
its original strength after one has been for a few
moments in the open air,

EXERCISE 29.  To illustrate fatigue of the sense of
touch.

Determine many times in succession the smallest
weight perceptible on some part of the hand. 1Is there
any tendency for the smallest weight noticed to become
gradually larger after the experiment has been repeated
many times ¢

Many similar experiments might be added showing
fatigue of various senses, but enough have been described
to serve the present purpose.

U Murders in the Rue Morgue.
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The facts which have just been observed have a most
important bearing on any experiments made on any of
the senses. In testing various persons or various parts
of the body, if the results are to be of the slightest value
for purposes of comparison, it is absolutely necessary
that the persons or parts tested should not be in a con-
dition of fatigue. It is even unsafe to make a long scries
of experiments at once and then take the mean ; if this
is done the last results will be aflected by fatigue and
the mean will be unreliable.

EXERCISES.
1. Compare by any of the methods of this chapter the accuracy
with which your right and left hands will work.
Are you right or left handed ?

2. Repeat Exercise 24 and find out how the result is affected by
(@) reading aloud while the experiment is going on, (b) holding the
mouth wide open, (¢) setting the teeth and clenching the other hand.

3. Find the time it takes you to run 100 yards (@) with and
(b) without running corks. Do not run one 100 yards immediately

after running the other, but do the two experiments at the same time
on different days. Why ?

4. Why does a man make faces when he jumps?

5. Invent a method for finding how aceurately the foot can move
at the ankle joint and at the knee.

6. Take a ruled line 1 in. long and run a pencil along it. Close
the cyes and draw lines which scem to be 1, 2, 3, 4, 5, 6 ins. long
respectively.  Repeat several times and find the mean and average
difference from the mean for lines of each length!

7. On a long railway journey in winter a passenger enters a
carriage whose occupants have travelled in it for an hour and a half.
He complains of a stuffy smell in the air which none of them notice
and opens the window. They complain of cold which he does not
notice. How is this?
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8. Why is it difficult to carry a saucer of water full to the brim
without spilling any ?

9. “If you eat too much sugar it begins to taste like salt.” Why
is this ?

10. In working through this chapter an experimenter tried
Exercise 22 twice over, then Exercise 24, then Kxercise 22 again.
The average errors he got for Exercise 22 were as follows :

1st trial ‘198 cm.
2nd trial .. 204 c¢m.
3rd trial (after Kx. 24) 362 cm.

How do you accomnt for these results? Try the same experiment
on yourself.

11. Using a sharp pencil or fine pointed pen draw a number of
fine lines nearly parallel and as close together as possible. Use a
ruler to measure their average distance apart. Can you see lines
only ;g inch apart? Can you draw lines | }4 inch apurt?

12, Sometime when you are on a ship or tram try whether you
can hold a cup nearly full of tea without spilling it.  First try whilst
you watch the cup. Then try without looking at the cup, but attend-
ing to the muscular sense, and gently giving way to it as the cup
pulls your hand to right or left. [If you succeed try to walk ncross
the deck or carriage carrying a cup of tea.

CHAPTER VII

TASTE AND SMELL

Structure of the nose and tongue—Touch and taste distinguished—
Connection between taste and smell—Just perceptible tastes
Apparatus and materials required.

Sugar, salt, clean handkerchief, powdered chalk,
powdered marble, half a Jditre to a litre of water in
DELL . 5
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which a few cloves have been boied. Solutions of
sugar of various strengths.  Flasks. Measuring flasks,
1000 c.c. and 100 c.c.  Pipettes, 10 c.c. Glass tubing.
Conecave mirror.

The nose.

Before starting the work of this chapter it will be

well to revise those parts of Chapter 11 which deal with
the gtrnotnrn of tho naee (v QN

Fig. 23. Structure of nose and nerves of smell

It should be noted that the nasal chamber opens in
front by the nostrils and behind into the gullet. During
life it is divided into right and left halves by a plate of
cartilage, and its two chambers are again subdivided by
twisted scrolls of bone called scroll bones. These are
covered with a thin skin and during life are kept con-
tinuously moist. Over the uppermost of the scroll
bones branch the ends of a set of fine nerves, which
find their way out from the front of the brain by way
of the perforations described in Chapter II (p. 9). It
is with the ends of these nerves that the actual process
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of smelling is carried out. The other scroll bones, the
dividing partition of the nose and the inside lining of
the nostrils are also supplied with nerves, but they are
not nerves of smell and though a touch can be felt in
these parts scents as such are without effect upon them.
The pungent sensation produced by ammonia is said to
be in part due to the effect of the gas on these nerves.

The tongue.

Carefully examine the surface of the tongue in a
concave mirror and make a drawing of the parts which
can be scen.

The surface of the tongue is not smooth but is
covered over with very small pimple-like projections to
which the name papillae has been given. These are of
three different kinds.

First. The most numerous sort are small projections
which cover almost the whole surface of the tongue and
give it a sort of velvety appearance.

Second. Among these are others which appear as
small circular red dots. They are scattered irregularly
over the front of the tongue and are more cushion-like
than the first kind referred to.

Third. The last kind is not easily seen except in
a tongue which has been removed. They lie right at
the back and are only just visible when the tongue is
pushed out to its fullest extent. They can be made out
with difficulty by pushing a bright teaspoon down the
throat in such a way that the upper surface of the
tongue is reflected in its bowl. The spoon should first
of all be warmed with hot water to prevent irritation of
the throat and to prevent its becoming steamed over
with the breath.

5—2
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These papillac are much larger than those seen
before—probably at least '1” across.  Kach is sur-
rounded by a small circular trench and they are very
few in number.,
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Fig. 24, Sheep's tongue

All three kinds are casily scen on the tongue of a
sheep. The only important differences between the
sheep’s tongue and the hurman tongue are (1) that of



Taste and Swmell 69

size and shape, (2) the fact that the sheep’s tongue is
entirely covered with a horny coating so as to prevent
injury by the sharp edges of grass leaves. A figure of
the sheep’s tongue is given showing the three kinds of
papillac numbered 1, 2 and 3.

Muscles of the tongue.

Experiment will show that there are two ways in
which the tongue can be casily moved. (1) Tt can be
moved as a whole, and (2) parts of it move in relation
to one another. In response to the order “ put out your
tongue” the organ moves as a whole. The observer can
then see that no part of the tonguc is held stationary
but the parts are in continual movement on one another.
Try the experiment with a mirror and your own tongue.
From the possibility of these two kinds of movement we
should guess that there were two sets of muscles in the
tongue, (1) connecting the tongue as a whole to the
surrounding parts, (2) uniting various parts of the
tongue to one another. Dissection shows both these
different kinds of muscles to be present.

Distinction between touch and taste.

Place a small pinch of powdered marble upon the
tip of the tongue. The sensation which follows is similar
(except in place) to that which follows when the powder
is placed on the hand.  In other words the sensation is
a sensation of touch alone.

Now in place of the powdered marble use a small
pinch of sugar and compare the results. A sensation
of touch, as before, is present plus something else which
is expressed by saying that the sugar is sweet. This
“something else” is what is called the sensation of
taste.
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EXERCISE 30.  See if sugar can be tasted on a dry
tongue.

Wipe the tongue dry with a clean handkerchief and
sec it pinches of salt, sugar, and powdered marble can
be distinguished when placed upon it. What conclu-
sion can you draw as to the connection between the
solubility of substances and their taste ?

Connection between taste and smell.

Most things swallowed are not only tasted but also
smelt in the process. As a consequence a number of
so-called tastes are almost or wholly due, in reality, to
the sense of smell. A good example of such a “taste”
is that of a weak infusion of cloves.

"XERCISE 31, T'o {llustrate the connection between
certain tastes and smells.

Boil one or two cloves in half a litre of water for a
few minutes. Allow the infusion to cool. Then taste it.
It appears to have a distinet and not unpleasant taste.
Now take a clean glass rod and with it place a drop of
the clove-water upon the tongue while the nose is held.
Repeat this several times using sometimes clove-water
and sometimes pure tap water. Carefully clean the rod
after cach test.  Why ¢ Keep a record of the numbers
of right and of wrong answers.

Arrange the results in a table thus:

Substance Answer \ Right or Wrong

used given ,or Uncertain |

!
|
|
I

Percentage of ** Right ” answers =
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Repeat the experiment and table again without
holding the nose and again find the percentage of
“Right” answers. Place a drop of clove-water on the
tongue with the nose held and observe the way in which
the taste suddenly appears when the nose is released
and the vapour finds its way through.

Just perceptible tastes.

Just as we were able to measure the smallest weight
which could be felt when placed upon the skin, so we
can measure the smallest amount of any soluble sub-
stance which can be tasted.

EXERCISE 32, To see what is the smallest amonnt
of sugar whiclh can be tasted when dissoveed in 1 e, of
water.

Weigh out 10 grms. of sugar, dissolve in water and
make up the solution to a litre.  Every cubic centimetre
of this solution contains ‘01 grm. of sugar.

Now measure out 10 ¢.c. of this solution, pat it into
a 100 c.c. flask and make up to 100 c.e. This solution
will contain ‘001 grm. of sugar per c.c.  If instead of
taking 10 c.c. of the original solution we had taken 20,
our resulting solution would have contained ‘002 grm.
per c.c.

By the method which is here suggested solutions can
rapidly be made up of any strength desired.

Make a series of such solutions containing 01, 02,
03, ete., grm. of sugar per cubic centimetre.  Find
out in which of thesc a sweet taste can just be detected.
Suppose it is found that the solution containing ‘04
grm. of sugar per c.c. just tastes swect while the one
containing ‘03 grm. does not. To find out more
precisely the exact amoupt of sugar which could just
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be tasted it would next be necessary to make up solu-
tions which contained ‘031, ‘032, ‘033, etc., grm. of sugar
per c.c. and find out which of these tasted sweet.

The amount of solution used in each test must be
the same. A convenient method of making sure of this
is to have a glass dipping tube with a mark on one side,
and in use to dip the tube into the liquid just up to the
mark, then closing the top with the finger. A separate
dipping tube for each strength of solution will save
much trouble. The mouth should be rinsed with water
after each test has been made.

EXERCISES.

1. Devise a method similar to the last for finding the smallest
amount of salt which can be recognised.

2. Using a camel-hair brush and the solutions which have been
prepared, test the different kinds of papillae on the tongue to see
whether they are all equally sensitive to tastes and whether they are
all sensitive to the same taste.

3. Arve there any parts of the mouth, lips, palate, etc., which do
not taste at all ?

4. Sec which is more delicate, the silver-nitrate test for salt or
the test by taste.

5. Nearly all poisons have a disagreeable taste and yet people
sometimes drink poison without knowing it.  How is this?

6. Names for tastes are:—hot, bitter, acid, acrid, sour, sweet,
tart, pungent, soapy, astringent, salt, alkaline.

Taste, cautiously, each of the following substances and select the
best name for the taste of each i—vinegar, alum, washing soda,
capsicum, aloes, buttercup stem, saccharine, blackthorn berries, very
dilute ammonia 1:100 of water, dilute ferric chloride solution, nitre.

7. Examine and draw what is seen in a slice of tinned tongue,
See if you can discover, (@) muscles which fix the tongue to other
parts, (b; muscles running from one part of the tongue to another.
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8. Moisten your finger with milk and let a cat lick it. Describe
and explain what you feel,

9. Make a list of substances whose tastes change when you have
a cold in the head.

10. How is it that many of the names applied to tastes can also
be applied to smells ¢

11, Place the wires from an electric battery on your tongue and
describe (@) what you feel, (8) what you taste.

CHAPTER VIII
SOUND AND HEARING

How sound is produced and reaches the car-—The machinery of
hearing ; the car-drum and internal ear—How sounds differ—
The smallest sounds which can be heard ; watch test ; Politzer’s
Hérmesser ; whispering test—Pitch—The shrillest sounds which
can be heard

Apparatus and materials required.

Tuwing-forks, pith ball on fine thread, other sound-
producing tustruments, air-pump and alarwmn clock,
coco-nut and rubber membrane or tissue paper, sand,
living or recently killed frog, ear-plugs made of glass
rod covered with rubber tubing, watch, Galton whistle.

Living frogs may be obtained from T. Bolton, Esq.,
25, Balsall Heath Road, Birmingham.

The Galton whistle is sold by Messrs Reynolds and
Branson, Commercial Street, Leeds, or may be obtained
Jrom the makers.

An excellent model of the human ear on a large
scale i supplied by Mr C. Baker, 244, High Holborn,
London, W.C. ; price 203.
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How sound is produced.

Take a tuning-fork and strike it. Touch the tip of
one of the prongs with the finger or the lip. The prong
can be felt to be vibrating, ie. flying backwards and
forwards at a great rate.

Touch the end of a sounding fork against a small
ball of pith hanging from a fine thread. Notice that
the vibrating fork flings the light pith ball a great
distance from it.

Repeat the experiment using instead of the tuning-
fork, a bell, a stretched wire, a drum-head, a long spiral
wire such as is used in mantelpiece clocks.

How the sound from the vibrating object
reaches the ear.

Place a clock or a watch on a duster folded up
beneath the receiver of an air-pump. Gradually exhaust
the air and note the way the sound grows fainter and
dies away. Let the air enter and the sound quickly
becomes louder. This shows that the air plays some
part in carrying sound.

To show that vibrations can be communicated
by the air from one object to another.

Take a coco-nut and saw it in half so as to obtain
two bowl-shaped pieces of shell. Remove the contents
of the nut and make a hole through the bottom about
1” in diameter. Over the open end stretch a piece of
rubber membrane such as is used by dentists. Failing
this a tightly stretched piece of tissue paper will serve
equally well, while instead of the nut a lard bucket or
a glass diffusion jar may be used.

To use the apparatus sprinkle upon the membrane
a few grains of sand or eyen some small pith balls.
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Now make a moderately loud sound near the opening
in the bottom, e.g. get someone to sing into it. As a
result the air in the bowl is thrown into vibration and
this in turn moves the membrane at the top of the bowl.
Its movements are only slight but they are made evident
by the dancing of the sand grains or pith balls on its
surface.

The receiver of a phonograph works en exactly the
same principle. The air is thrown into vibration by the
voice or some musical instrument and there is a glass, or
mica, or metal disc which in its turn is thrown into
vibration by the air. This disc carries a needle, which
in its turn rests against a revolving wax cylinder on
which the vibrations are recorded.

The machinery of hearing—The ear-drum.

The fact that we arc able to hear depends upon the
fact which has just been illustrated. In the human ear
there is a stretched drum similar to, but smaller than,
the one just referred to.

To examine the ear-drum of a frog.

In the frog and the toad the ear-drum is more
easily seen than in other animals since it lies upon the
same level as the surface of the body. Examine a living
or recently killed frog; look at the sides of the head
just behind the eyes and notice two oval discs of smooth
skin bordered with a slightly raised rim. These are
the ear-drums. Using a dead frog remove the drum by
cutting carefully round the edge of it with fine scissors.
A passage can now be seen passing down into the head.
Pass a fine bristle or a hair down this. Then open the
frog’s mouth and see where the bristle appears. Also
notice a thin curved rod of pone which runs across from
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the ear-drum to the outer surface of the skull. This
bone is named the columella and it serves to transfer
the vibrations of the ear-drum to the organ of hearing.

The internal ear or organ of hearing.

An animal cannot hear with its car-drum alone.
There are persons whose car-drums are perfect who are
deaf and others whose car-drums are broken can still be
made to hear. The ear-drum and columella are simply
the means by which the vibrations of the air are con-
veyed to the internal ear.

EXERCISE 33.  To show that sounds can reach the
internal ear and be heard by other means than the ear-
drum.

Close the ears with the fingers or plug with cotton-
wool and get someone to tap with a pencil on the seat
of a wooden chair or the top of a table. Hardly any
sound reaches the car. Repeat the experiment, but
before tapping grip the chair back or edge of the table
tightly with the teeth. The sound can now be heard
casily. By what path do you suppose the vibrations
have travelled -in this case? An instrument has been
made on this principle for enabling persons to hear, if
their ear-drums are broken, or if the small bones which
transmit the vibrations to the nerve of hearing fail to
act properly. The instrument consists of a sheet of
cbonite in the form of a fan which catches the vibrations
of the air. The edge is then gripped with the teeth and
the vibrations reach the internal ear by the same means
as in the last experiment.

The dissection of the internal ear of any mammal is
a very difficult matter except for those who have had
a good deal of experience of such work, as the parts lie
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embedded in a dense mass of bone, which has already
been referred to in the description of the skull (p- 10),
and they are extremely soft and fragile and consequently
easily damaged when the bone is removed, A useful
general idea of the relations of the parts may be

iz, 25, Structnre of haman ear

) Chain of bones 1 Cocllea a Lar-flap
; - [ O s

. f . n Far passaye

going from Y| Semi-riveudar ! u

1 Fustachian tube
o Iar-drum

par-dr 6L
ear-drum to canals
7

3 } internal ear
gathered from the study of their relations in the dog-
fish or skate, where dissection is comparatively casy,
since the skull is cartilage and not bone, but detailed
instructions for carrying out such a dissection are
beyond the scope of this book’.

1 See Practical Zoology, Marshall and Hurst, p. 279.  Dog-fish

(Seyllinm canicula) may be obtained from the Marine Biological
Laboratory, Citadel Hill, Plymoveh.
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The internal ear consists of cavities in the ear bone.
Into these cavities the nerve of hearing passes through
a small hole entering the bone from the inner side.
On the outer side of the bone is a thin spot against
which rests the end of a chain of bones which convey
the vibrations from the ear-drum, like the columella of
the frog.

The cavities are thus completely shut in. In form
they consist of a set of three tubes (see Fig. 25), semi-
circular in shape, one horizontal and the other two
vertical in position. Communicating with these is a
fourth tube coiled into a spiral like a flattened snail
shell. The whole apparatus is filled with fluid and
into it project at certain points the hair-like endings of
the nerve of hearing. The actual process of hearing
apparently takes place in the spirally coiled tube which
is named the cochlea (which means snail shell). The
semi-circular tubes seem to act as a kind of delicate
spirit level and help to keep us informed of the position
and movements of the head. If, in any animal, they
become damaged or diseased the animal is no longer
able to keep itself in an upright position, but per-
petually tumbles down and stumbles up again until
exhausted.

The ear-flap.

So far nothing has been said of the ear-flap. This
serves the purpose of gathering the air-vibrations
together and directing thern upon the ear-drum.

ExERCISE 34. To show how the ear-flap affects
hearing.

Place a watch in such a position that its ticking is
only faintly audible. Placesone hand behind the ear



Sound and Hearing 79

and see whether the sound becomes any louder. Repeat
the experiment, but instead of the hand use a large
sheet of paper folded into a cone with the pointed end
in the ear.

Do the results of this experiment suggest any
explanation of (1) the use of a speaking-tube as a
substitute for a telephone, or (2) the use of an ear-
trumpet to the partly deaf? Would an ear-trumpet be
of any use to a person whose ear-drums were broken ?

Information supplied by the sense of hearing.

How do sounds differ from one another? Think of
some of the sounds one hears frequently. What differ-
ence is there between the ticking of a watch and
hammering on an anvil? between an air sung by a
bass and the same air sung by a soprano? between an
air played on the piano and the same notes played on
the violin ?

The answers to these questions will suggest some of
the differences in sounds. The following experiments
will make the differences still clearer.

EXERCISE 35. 7o illustrate three ways in which
sounds differ from one another.

Sound a tuning-fork and hold it at arms length.
Bring it quickly close to the ear. The sound becomes
louder.

Sound an A fork and a C' fork. Neglecting accidental
differences in loudness, a difference is also noticeable in
that one fork has a shriller sound than the other, i.e. it
has a different pitch. It is precisely this difference
which is indicated by the letters 4 and C applied to the
forks.
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Finally compare the note given by a tuning-fork
with the same note struck on a piano. The notes
have the same pitch and yet there is still a difference,
neglecting any differences in loudness. This difference
is not very easily put into words. It is generally
explained by saying that the two notes have each a
certain quality called timbre of their own. The name
clang-tint is also sometimes used.

In making any experiment with sounds a great
difficulty is met with in avoiding distracting noises. For
this reason the experiments here given are extremely
rough in character and serve to suggest methods rather
than to give exact results.

The loudness of sounds.

EXERCISE 36. To see how far a watch must be
removed from the head until it ceases to be heard.

Remove a watch slowly from the side of the head of
the person tested keeping it in a straight line running
directly outwards from the car. Note that the ticking
gradually becomes fainter and finally ceases to be heard.
The ear which is not being tested should be closed with
the finger or a plug (convenient plugs can be made of
glass rod over which rubber tubes are slipped). Repeat
the experiment with the other ear. Record the distances
at which the watch ceases to be audible in a set of five
trials with each ear. Take care that the ear does not
get tired by repeating the experiments in too rapid
succession. Do you find both ears equally sensitive ?

The smallest sounds which can be heard.

The power of hearing very small sounds can some-
times be tested by various accidentally produced noises.
If the room is still and a fiy settles on and runs across
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the book you are reading, can you hear a very faint
rustling? Can you hear the very soft thud that is
produced by the fall of a small pinch of ashes (not
cinders) from a dying fire? What is the faintest sound
which ordinarily catches your attention? Can you hear
a Bunsen burner when burning ¢ silently ”?  Can you
hear a Bunsen when the gas is turned on but not lit ?
The use of the watch as described in the last
experiment for testing the faintest audible sound is
open to the objection that persons tested with different
watches cannot be easily compared. If, however, a
number of persons are tested with the same watch and

AT
Fig. 26. Politzer’s Hirmesser
X, Y, Holder. H, Weight, L, Lever. B, Block
among them one or two require to have it much closer
to their ears than the rest, it is safe to assume that they
are at any rate slightly deaf and they should consult
a medical man on the subject.

Tests which give an absolutely uniform result have
been devised, e.g. it has been suggested to make a
standard sound by dropping a ball of cork of known
weight from a given distance on to a glass plate and to
find at what distance from the ear it ceases to be heard.
An instrument for producing a sound of a certain
standard loudness can be obtained from J. T. Raper,
50, Great Russell Street, London, W.C. Tt is named
Politzer's Hormesser. (Fig 26.)

nerr



82

of a lever.

It consists of a weight which is carried on the end
It can be raised to a certain height above
It is

Sound and Hearing

a block upon which it is then allowed to fall.
recommended for the tests suggested by the British

Association Anthropometric Sub-committee.

EXERCISE 37.

whispering.
Find a distance at which a normal ear can just
Place yourself at this distance from
your teacher and write down as many of the numbers
dictated by him in a whisper as you can hear. Any five
of the ten groups of ten may be selected.

hear a whisper.
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41
16
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57
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Andrews Table of wembers for testing acuteness
of hearing by whispering.

Find out
how many of the 50 numbers you werc unable to hear
or wrote down incorrectly.

X

—_— -

|

24
95
62
49
80
71
16

3
58
37

As in the case of the watch this cannot be taken as
an absolute test, because it is very difficult to be sure
that the words are always whispered under exactly the
same conditions, but out of-a number of persons tested
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under the same conditions those with weak hearing can
be picked out.

Nork ¥orR TeAcHER. These groups of mumbers are sclected
according to the result of a careful series of experiments on the
audibility of numbers.  Those interested in the subject should refer
to the original papers by B. R. Andrews : * Auditory Tests” American
Jowrnal of Psychology, xv (1904), pp. 14—56 and xvi (1906),
pPp- 302—326.

It might be useful to dictate these figures in a
whispered voice to the whole class, dictating from
different parts of the room so as to give everyone an
even chance of hearing.

Pitch.

It is found that the difference in sounds which is
called pitch really depends upon the rapidity of the
vibrations of the object producing the sound. Slow
vibrations give a low note, rapid vibrations a high one.
If the vibrations are slow enough they are not heard as
a musical note at all, but as a patter of separate sounds.
The number of vibrations which must occur in a second
to produce a musical note varies with different people.
It has been mecasured by using large and slowly beating
tuning-forks.

As in the case of the loudness of sounds, the power
of distinguishing between notes of different pitch can
be roughly tested by means of sounds which occur in
one’s ordinary experience. ~Can you eg. distinguish
between a note on the piano and the ones half a tone
above and below it? Can you tighten a violin string
till it has the same pitch as the corresponding note on
the piano? Do you notice when a piano gets out of
tune, if the notes are struch one at a time ?

6—2
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8Shrill notes.

Very shrill notes cannot be heard at all. A bat’s
squeak cannot be heard by many people and may be
used as a rough test of the highest note that can be
heard. Others cannot hear the buzz of a mosquito or
the chirp of a grasshopper.

The Galton whistle.

An instrument has been designed by Sir Francis
Galton, whose name has already been mentioned in
connection with weight tests (p. 60), for testing the
power of hearing very shrill notes. It has been described
in Inquiries into Human Faculty and elsewhere. It
consists of a whistle of fine bore with a plunger in one
end which shortens the length of the tube. A puff of
air is sent through it by mecans of a rubber bulb and
tube. In use a note is first sounded which can be
easily heard. The pitch is then raised by turning a
screw till a note is reached which is not heard. The
instrument is provided with an indicator showing the
number of vibrations per second for each position of
the screw.

EXERCISE 38. To find out what is the shrillest note
you can hear.

If a Galton whistle! can be obtained, have it sounded
in the presence of the people to be tested and get each
of them to make a note of the point at which they cease
to hear it. Also have recorded at the same time
whether they can hear a bat’s squeak and a mosquito.

1 Galton whistles are supplied by Messrs Reynolds and Branson,
Commercial Street, Leeds.
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EXERCISES.
1. A glass marble dropped on a slate bounces more and more

rapidly. At first you hear a series of taps, but later, just before it
stops, it makes a kind of squeak. How is this ?

2. Strike a tuning-fork, close your ears with a pair of plugs, and
place the handle of the fork on the top of your head. Notice the
way the sound appears. How do you suppose it reaches the internal
ear?

3. Close the ears as before and take a pencil between your
teeth. DPress the end of the pencil on a watch and sce whether yon
can hear the ticking.

4. Spread a piece of thick cloth on the bench and clamp a metre
rule vertically beside it. Test your acuteness of hearing by sitting
5 feet away and getting someone to drop a pin on to the cloth
from various gradually increasing heights until jou just hear the
faint thud that the pin makes on striking the cloth.

5. lold a watch exactly one metre from the car. Then suddenly
move it 2 ecm. further away. Notice if the ticking seems fainter.
Replace it and take it suddenly 4 cm. further away. Repeat until
a distance is reached which just makes the ticking fainter. In this
way compare the power of distinguishing loudness of sounds possessed
by various people.

6. Make for yourself from a sycamore twig a whistle of variable
note. The bark is loosened by hammering it. The wood inside
becomes the moving plunger.

CHAPTER IX
LIGHT

Rays and beams—Reflection ; objects which shine by their own and
by reflected light—Bending of light by transparent objects—
Lenses and their various forms—The pictures thrown by lenses
Materials and apparatus required.

Small lamp or candle, cards with hole in centre,
mirror, sheet of mnote pager, wax vesta, gas mantle,
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shilling and other common objects for Ex. 42, rect-
angular block of glass, pins, triangular block of glass
(prism), lenses or half lenses—set of sii.

How light travels.

In beginning work on sound it was necessary to begin
by studying the way in which sounds are produced and
travel from place to place. So here it is necessary to
start by studying the way in which light travels.

EXERCISE 39. To show that light travels in straight

lines.
card _//Lxed lo
o wood block
d[ﬁu light
hiah] |

Fig. 27. Apparatus to show that light travels in straight lines

Take a lighted candle or a lamp and place in front
of it a card screen in which a small hole has been pierced.
Find out in what positions with regard to each other the
hole, the lamp and the eye must be placed in order that
the lamp shall be visible through the hole. (See Fig. 27.)

Take a second piece of card perforated in the same
way and arrange the lamp and the two cards so that
the light passes through both holes.

Make a diagram to show the way in which the light
has travelled from the lamp to the eye. This is not the
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place for a full explanation of the theory of light but it
will save words to give two short definitions.

1. A very fine line of light is called a ray.
2. A bundle of rays of light is called a beam.

Bending of light by reflection.

EXERCISE 40. To show that rays of light can be
bent by reflection.

Place a mirror in the position occupied by the eye
in the last experiment, and see whether a reflection of
the candle can be seen from any position in which the
eye is not in a straight line with the caudle and holes.
In other words, can the beam of light from the candle
be made to turn a corner ?

Illustrate the result of the exercise by a careful
diagram.

EXERCISE 41. To show that other objects besides
marrors can reflect Light.

Replace the mirror of the last experiment by a piece
of white paper, and note the white spot formed by the
light from the lamp. Find out whether the white spot
looks brighter from any position than from any other.

Most objects which are visible in the natural course
of cvents are seen only by means of the light which they
reflect. Thus in reading this page, what the reader really
sees depends upon the fact that white paper reflects
light whereas printer’s ink does not, or only does so
to a very slight extent. If the book is taken into a
dark room both page and print are alike invisible, since
there is no light for them tq reflect.
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EXERCISE 42. To see whether various objects shine
by their own or by reflected Light.

The fact that objects which shine by reflected light
are invisible in the dark affords a ready means of dis-
tinguishing those which shine by their own light and
those which do not. Find out which of the following
objects shine by their own and which by reflected light :
a lighted candle, a shilling, phosphorus, the moistened
head of a wax vesta, an incandescent gas mantle with
the gas not lit, the same with the gas lit, a piece of
platinum wire or foil in the flame of a Bunsen, the roof
of a greenhouse in the sunshine, lightning, sparks from
a horses hoof on a flint road, a glow worm, the moon.

It has been suggested above that light always travels
in straight lines ; this is not strictly correct as has already
been seen in the experiments on reflection. The following
experiments will show other ways in which bending may
take place.

Bending of light in other ways.

EXERCISE 43.  To trace the path of a beam of light
through a block of glass.

Place a block of glass on a sheet of white paper and
stick a pin into the paper about 2 inches away from the
glass. Look at the pin through the glass from various
positions. Does the stem of the pin as seen through the
block appear in a different place from its head seen over
the top of the block? Make a sketch of what can be
seen from each position.

Next take a number of pins and stick them in the
paper between the first pin and the glass, arranging each
in such a position that it hides the last when viewed
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through the glass. In the same way put in some more
between the glass and the eye on the near side. Since
each pin hides the one behind it, cach must be in the
path the beam of light takes in coming from the first
pin to the eye. If now the glass is removed and the
pin pricks joined by pencil lines, we obtain a map of the
path taken by the light from pin to eye.

How many times has the beam of light from the pin
been bent in passing through the glass?

Is there any arrangement of pin, glass, and eye which
allows the light to pass through without bending at all?

Repeat the experiment using a “prism,” i.e. a flat-
sided block of glass with triangular ends.

How many times is the light bent in this case and in
which direction ?

Light bent in this way is said to be refracted.

Lenses.

EXERCISE 44. 7o examine and describe some
common lenses.

The name lens is given to a curved and polished
piece of glass. The name is derived from the Latin
lems, which mcans a lentil, the reason being that the
commonest sorts of lenses are much the same shape as
lentils.

Lenses are of two sorts; convex lenses, which are
thicker in the middle than at the edges, and concave
lenses thicker at the edges than in the centre. Fig. 28
shows sections through six such lenses.

Examine, describe and draw imaginary sections
through as many lenses as can be obtained, e.g. mag-
nifying glasses, spectacle glasses, bull’s-eye lantern, etc.
How many different kinds of lens are possible ?
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EXERCISE 45. To show the way in which a lens
bends the rays of light which pass through it.

Use a common convex lens. Place the lens between
a lighted candle and a sheet of white paper. Place the
paper at first close to the lens and then gradually draw
it further and further away. Note the changes that
occur as the paper is drawn further from the lens. At
first there is a circle of light nearly as large as the lens.

9]

Fig. 28. Sections of lenses
1, 2, 3. Convex lenses
4, 5,6. Concave lenses
This gradually gets smaller till a picture of the candle
flame appears on the paper. ‘If the paper is pushed still
further back the picture fades and the light gradually
becomes fainter and also forms an enlarged patch upon
the paper. The point at which there is a sharp picture
on the paper is called the focus of the lens.
Can anything be seen in the picture besides the
flame of the candle? Bring various objects near to
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the flame and see whether they also appear in the
picture, e.g. try a sheet of wire gauze held just in front
of the flame. Also try the effect of covering in the
distance between the lens and the screen with an arch
of brown paper.

Place close in front of the lens a piece of brown
paper with a hole cut in the centre. What effect does
this produce as regards size, brightness, and distinctness
of the picture? For full details of the way in which a
lens makes a picture by bending the rays of light, refer-
ence should be made to a text-book of Physics (e.g.
Watson’s Elementary Practical Physics, pp. 147—154).
The purpose of these experiments will have been served
if they succeed in bringing out the following facts :

1. A lens throws a picture upon any suitable screen
of all the objects in front of it, whether they shine by
their own or by reflected light.

2. In one position of the screen the picture is sharp
and distinct ; if the screen is nearer to, or further from,
the lens than this the picture is blurred and indistinct.

3. If the size of the lens is reduced by covering all
but a small central part with an opaque substance such
as brown paper, the picture is reduced in brightness but
not in size. At the same time the sharpness of outline
is increased.

EXERCISES,

1. Repeat the above experiments with lenses of as many different
kinds as possible.

2. Place a penny on the bottom of a photographic developing
dish and hold it in such a position that it is just concealed by the
edge of the dish. Fill the dish with water. Describe and explain
what changes you see.
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3. See it a picture can be obtained by using a round-bottomed
flask filled with water in place of the lens of the last experiment.

4. Carefully examine a camera which has a ground-glass screen
at the back. Compare with the apparatus used in Exercise 45.

5. Hand cameras often have a small piece of ground glass let
into the top in which the view which is being photographed can be
seen. Examine one of these “view-finders” and compare with the
apparatus of Exercise 45.

6. What do you see when you try to look through a dewdrop
towards the landscape beyond ?

7. If a magic lantern is available the properties of different
enses may be tested by holding them in the beam of light. The
track of this beam may be made visible by filling the air with smoke,
e.g. from two adjacent basins one containing strong ammonia solution,
the other salt and sulphuric acid. It is useful to have some cards
of the size of lantern slides and cut with apertures of different
shapes and sizes, e.g. slits, circles and crosses. For details of such
experiments, see Optical Projection by Lewis Wright, published by
Longmans, Green and Co.

CHAPTER X
THE EYK

The eye compared with a camera—The external features of a sheep’s
eye—The internal parts of a shecp’s cye—The picture thrown by
the lens—How to see the back half of a living cye

Materials and apparatus required.

Sheep’s or bullock’s eyes from the butcher’'s. Dissect-
ing instruments (one pair of scissors, one pair forceps
and one scalpel for each two pupils). Pill boxes and,
cardboard tubes from incandescent mantles. Tissue
paper. Coverslips. Short piece of penholder.

Enlarged model eye from Mr C. Baker, High Holborn,
London, W.C., price 15s., or. larger model, price £1.
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The structure of the eye.

In the eye are a lens and a screen just as in the
apparatus made in the last experiment. The eye is in
fact a small camera. We now proceed to examine an
actual eye and see if possible how it works. The most
convenient eyes for examination are those of the sheep
or ox, which can usually be obtained in quantity from
any town butcher.

Dissection of the eye of the sheep. (1)Externals.

What is written here of the sheep’s eye is also true
of the eye of the ox and will also apply, with purely
trifling differences, to the eye of the rabbit.

Place the eye to be examined on the desk and turn
it into the position it would occupy in nature. Note
its roughly globular shape. It is convenient to use the
same names in describing the parts of the eyes which
are used in describing the terrestrial globe.

Thus we can distinguish an axis with two poles, one
forward called the anterior pole the other backward
the posterior pole. The equator would divide the eye
into front and back hemispheres. The words inner
and outer are on this account used to mean towards
the centre or towards the circumference of the eye-ball.
Thus, if the eye is looked at from behind, the surface
seen would be called the outer surface of the posterior
hemisphere. The front half of the eye is covered with
an arched transparent covering called the cornea. In
front of this, and so closely attached to it that it can
only be separated by dissection, is a thin transparent
skin. This is really continuous at its edges with the
skin of the inside of the eyclids and is named the
conjunctiva.
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In passing toward the equator of the eye the horny
cornea gradually gives place to a tough fibrous coat
commonly spoken of as the “white” of the eye. To
this the technical name of sclerotic is given and to it
are fixed the muscles which serve to roll the eye about
into various positions, so that various objects may be
brought into view.-

Fig. 29
Tixternal view of a model eye-ball made of a tennis ball,
paper and a penholder

The whole of the back of the eye as it appears when
recently cut out of its socket is completely covered with
a mass of muscle and fat, while somewhere not far from
the posterior pole is scen a white cord which is the
optic nerve entering the eye-ball.

The muscles just referred to can be dissected out
with care. The fat should gradually be removed from
them and their points of attachment to the sclerotic
made out. If this is done they will be found to be six
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in number. Four of them, called straight muscles,
are attached round the equator, which they divide into
four roughly equal parts. They lie, roughly speaking,
above and below the eyc-ball and in two positions at
right angles to this. At their other ends they are fixed
to the bony socket of the eye near the point where the
optic nerve enters.

The remaining two muscles are named oblique.
They are fixed to the eye-ball in the region of its
equator, one above and the other below it, and their
other euds are fixed to the bony eye-socket on the side
toward the nose. (See Fig. 29.)

Dissection of sheep’s eye continued. (2) In-
ternal parts.

To make out the internal structure of the eye it is
well to have two eyes and divide one into front and
back and the other into upper and lower halves. The
same result can be attained by allowing half the class
to do one dissection and the other half to do the other.
Failing either of these methods, it is best to cut a single
eye first into front and rear portions and then divide
the front half again in a direction at right angles to the
first division. (See Fig. 30.)

Place the eye to be operated on in a dish of water
and with a pair of sharp dissecting scissors cut the
sclerotic right round the equator so that the eye is
divided into front and rear halves. When this has been
done an irregular mass of clear jelly will escape. This
is called the vitreous humour. It is like rather tough
jelly and keeps its general shape but is so extraordinarily
transparent that it is only possible to distinguish it from
the water in which it lies with the greatest difficulty.
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Carefully examine the back half of the cye-ball
Notice that the whole of its inner surface is covered
with a gray coating—the retina. 'This has a slightly
fibrous appearance and the fibres run outwards from
a spot at the back near its centre. These fibres are
really the finely divided ends of the optic nerve, which

R S¢

Fig. 80. Structure of interior of eye

0, Optic nerve V, Vitreous luemour Cj, Conjunctiva

ch, Choroid co, Cornea I, Iris

R, Retina Se, Sclerotic aq, dqueous humour
L, Lens

has already been secn outside the eye-ball, and it is by
means of them that the action of sceing takes place.
Starting from the point of entry of the optic nerve, and
running rather irregularly over the inner surface of the
retina, are a number of fine pranching blood vessels.
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In the centre of the hinder hemisphere of the eye,
i.e. at the posterior pole, is a spot called the yellow spot,
so named from the fact that it is tinged a yellowish
colour.

Outside the retina, i.e. between it and the sclerotic,
is a layer of dead-black colouring material. This is
called the choroid coat and extends over almost the
whole of the inner surface of the eye.

Examine next the front half of the eye-ball. Traces
can be seen of the retina which reaches forwards beyond
the cquator and ends in a finely notched edge.

In the centre of the front of the eye, i.e. toward the
anterior pole, lies an almost globular glassy body—-the
lens. This is transparent but not so water-clear as the
vitreous humour which fills the centre of the eye-ball.
It will be noticed that the lens is enclosed in a fibrous
bag which closely fits it and by means of which it is
kept in place. This bag or capsule is fixed to a ring
of muscular projections from the choroid coat at the
front of the eye and by their contraction the shape of
the lens can be altered. What change in the shape
of the lens will be produced by contraction of this ring
of muscles? The lens can now be removed by snipping
carefully round the margin of the fibrous capsule with
scissors. Remove it and place it on a glass slip and
hold it over a page of print so as to test its magnifying
power.

It is not very easy to show that it can throw a
picture. A picture could be seen from outside on the
back of a dead eye, but the black choroid coat intervenes
and absolutely prevents any light from passing through.
Now in albino animals the choroid is very faintly or not
at all pigmented. It is said that the eye of an albino

DELL 7
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rabbit shows a picture from outside on the back or
posterior hemisphere of the eye®.

A simpler method is the following. Take a pill box
large enough to slip over the end of one of the card
tubes in which incandescent mantles are packed. Cut
a circular hole in the bottom of the pill box and rest

L prllbox

77ss5ue

<1 paper

Fig. 31.

Apparatus to show that the lens
of the eye will cast a picture

the lens carefully in the hole. Over the end of the card
tube fix a sheet of tissue paper or tracing paper. Hold
the lens over a page of print in a well-lighted situation.
Lower the card tube and tissue paper down close to the
lens as shown in Fig. 31.

When the paper comes close to the lens a picture of

! The experiment is described by Sanford, Experimental Psychology,
p- 89.
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the printed page can be seen, usually somewhat distorted
owing to the fact that the lens very easily loses its shape
when removed from the eye.

The parts of the eye in front of the lens can now be
seen. Most important of these and close to the lens is
a curtain named the iris. At the back it is black in
colour, but when seen from the front shows various
colours in different eyes. The differences in colour of
various eyes are in fact due to differences in the iris.
In the sheep’s eye it is commonly brown. In the centre
of it is a hole called the pupil, which in human beings
is circular, but in the sheep is a horizontal slit slightly
widened at each end. Running round this hole in the
margin of the curtain is a ring-shaped muscle by the
contraction of which the hole in the iris can be partly
closed. The mode of opening and closing of this aperture
may be roughly compared to the closing of a bag by
means of a running string in the neck of it.

The iris diaphragm of a camera is named from the
iris of the eye because it has the same effect although
it works in quite a different manner. The iris of the
eye takes its name from the Greek Iris, the rainbow,
the goddess, the many coloured flower.

The lens and fibrous capsule form the hinder wall
of a cavity whose front wall has already been seen from
outside. This front wall is the cornea. The cavity in
life is filled with a clear watery fluid called the aqueous
humour.

When all the parts described have been seen the
following sketches should be made. They should be of
a good size, not less than three inches in diameter :—

1. Drawing of the front half of the eye seen from
inside. .

7—2
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2. Drawing of the back half of the eye seen from
inside.

3. Section of the eye passing from front to back.

EXERCISE 46. T'o exzamine the back half of a living
eye.

It is not possible under ordinary conditions to see in
through the pupil of a living eye since the black choroid

coat does not reflect any of the light which falls upon
it. Some animals, e.g. cats, have a shiny iridescent layer

cover slps
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Fig. 32. Rough ophthalmoscope
(A, seen from front; B, from side)

(i.e. like shot silk) as well as the choroid, and this reflects
the light well. Hence such animals’ eyes seem to shine
in the dark.

If a strong beam of light can be thrown straight into
the eye, some light is reflected from the retina and this
can be seen. An instrument named the ophthalmoscope
is used for this purpose. The following is a description
of a rough ophthalmoscope. :
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Procure four or five thin glass coverslips 1 in. diameter
such as are used for microscopic work. Very carefully
clean and dry them and fix them in a small wooden
handle. Two inches from the end of a penholder will
do very well. The end should be notched and the
glasses fixed with sealing wax or seccotine. (See Fig. 32.)

The person whose eye is to be examined now seats
himself beside and a little in front of a good oil lamp.
The person using the instrument sits facing him as close
as is convenient. The observer holds the glass close to

Head ofpersor.

 Observea

oé.yernr

Fig. 33. The rough ophthalmoscope in use
(The dotted line shows the path of light from lamp to
the eye observed)

his own eye in such a position that a beam of light is
reflected into the eye to be examined and so that at the
same time he can look through the glass. As soon as
the correct position has been obtained the pupil will
change from black to dull red. The observer now
gradually approaches the eye and when a distance of
rather less than four inches is reached the back of the
eye will become clearly visible. At this point the back
of the eye is in reality seen,through its own lens.
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In the centre of the dull red pupil will be seen a
dark dot which is the point of entrance of the optic
nerve. Radiating from this is a network of blood vessels
not very easily seen. Make a drawing of what can be
seen in this way. Fig. 33 above shows the arrangement
of the lamp, ophthalmoscope, and person examined,
which is necessary.

K XERCISES.
1. Why does the pupil of the human eye seem black ?

2. Inwhite-haired animals (albinos) the eyes contain no colouring
matter at all and yet the eyes are not white. How is this ?

3. Do cats’ eyes shine in absolute darkness ; observe and explain.

4. Make a drawing of all that can be seen of your own eye with
a mirror.

6. Stand beside a Iamp and get a companion to look towards
you from a distance of 12 ft. or more. Describe the appearance of
his eyes.

CHAPTER XI

HOW THE EYE IS USED IN SEEING

Effects of pressure on the retina, and Le Cat’s experiment—
Accommodation—Changes in size of the pupil—Near point of
vision—Defects in the eye—ILong sight—Short sight—Tests for
these and the principles on which they depend— Astigmatism—
A note on the care of the eyes
Materials and apparatus required.

Cards, lamp or candle, pin, small mirror, 10 in. glass
tubing, two corks, pins, large lens, candle and screen as
in Ex. 15, optician’s test cards, round bottomed glass
Sask and oval Florence glass flask.



How the Eye ts used in seeing 103

The eye a camera.

If the structure of the eyes is compared with that
of a photographic camera, it will be noticed at once that
the two things are very similar. The lens casts an
image upon the back of the eye, and the sensitive nerve
endings of the retina take the place of the sensitive
plate.

Now it has already been seen that the picture
thrown by a lens is upside down. The same thing must
obviously happen in the cye, and it has often been
remarked as a curious fact that although this is so we
still see things the right way up. The really remarkable
fact is, that we are not commonly aware of a sensation
as being “in the eye” at all, but invariably think of the
object seen. So constantly is this the case that, if by
purely mechanical means the nerves of one side of the
retina are made to convey a message to the brain, it
seems as if some bright object had been seen outside
the eye and on the opposite side to the one stimulated.
It is said that those who are born blind and have
recovered their sight as adults have had to lcarn that
what they see is not in actual contact with their cyes.

EXERCISE 47. To show the effect of pressure on the
retina.

Close the eye and turn it in toward the nose. Press
gently with the finger tip on the outside of the eye-ball ;
note the bright spot and ring which appear to be seen
to the in