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PREFACE

Tais book was written to meet numerous requests for an
introductory text-book of psychology based on the functions
of the nervous system. The standpoint is the same as that of
Human Psychology, which recognizes both the introspective
and behavioristic methods.  Material has been freely drawn
from the earlier work, but the arrangement of topics is differ-
ent and the treatment has been simplified. Most of the theo-
retical discussions are omitted and the practical applications
of psychology are emphasized.

Where the book 15 used as a class text, the mstructor is re-
ferred to the SUGGESTIONS on page 391.

Besides the assistance acknowledged in Human Psychology,
thanks are due to A. P. Weiss, H. 5. Langfeld, E. M. Weyer,
C. M. Cantrall and his students, and Alvin Bruch for many
valuable criticisms and to numerous others for helpful sugges-
tions. I am especially indebted to my colleagues, Henry C.
McComas and Carl C. Brigham, for reading the manuscript
critically, and to my office assistants for painstaking aid in
preparing the manuscript and proof.

Acknowledgments are due to the following authors and
publishers for permission to make use of illustrations from
the works mentioned: C. J. Herrick, Introduction to Neurology
(W. B. Saunders Co.); Knight Dunlap, Qutline of Psychobi-
ology (Johns Hopkins Press); E. A. Schaefer, Text-book of
Physiology (Macmillan Co.): E. 1. Thorndike, Elements of
Psychology (A. G. Seiler); J. D. Lickley. The Nervous System
(Longmans, Green & Co.); Joseph Jastrow. Fact and Fable in
Psychology (Houghton Miffiin Co.): C. H. Judd, Laboratory
Equipment for Psychological Fxperiments (C. H. Judd); E. J.
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Swift, article in Psychological Bulletin (Psychological Review
Co.); R. M. Yerkes, in Harvard Psychological Studies (Har-
vard Psychological Laboratory); Helen B. Hubbert, in
Journal of Animal Behavior (Henry Holt & Co.); The Farm
Journal (W. Atkinson Co.).

Howarp C. WARREN

PrinceTON, NEW JERSFY
May, 1922



ELEMENTS OF
HUMAN PSYCHOLOGY

CHAPTER 1
SURVEY OF THE FIELD

Meaning of the Term ¢ Psychology.” — The word psychology
is often used in conversation and in newspapers or popular
magazines without a very clear idea of its meaning. In most
cases the speaker or writer is referring to human nature; he
thinks the mysterious term psychology sounds more dignified
and imposing, just as stilted writers speak of the ‘celestial
luminary ’ when they really mean the sun. Psychology does
not mean human nature; but it does mean something very
nearly equivalent to the study of human nature. Human
psychology is the systematic study of man’s daily experi-
ences. It is not merely a description of our doings, feelings,
and thoughts, but an attempt to discover why we act and feel
and think as we do.

Thinking and doing things is not studying psychology, any
more than tossing a ball is studying physics, or mixing a Seid-
litz powder is studying chemistry. In either case the action
may be the starting-point for systematic study; but the study
itself involves a great number of accurate observations, and
these observations must be put together in an orderly way
before we can discover their causes and relations. In other
words, when we make a serious business of studying any class
of events in nature we (1) collect a large body of facts, (2)
classify them, and (8) try to explain how they come to pass.
This is what is meant by scientific investigation. The results
obtained in this way make up the science — physics, chemis-
try, or psychology, as the case may be.
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Psychology is concerned with the scientific investigation of
feelings, thoughts, actions, and other events of life. Many of
these occurrences are by no means confined to man. Dogs
see, hear, and act. The ant is found to possess a keen sense
of smell. Even the amceba, one of the very lowest known
species of animal, reacts in quite definite ways to certain ob-
jects outside of itself which affect it. The field of psychology
embraces all these occurrences. It includes the study not
only of human beings, but of all species of animals.

Psychology is not concerned with life in general, but only
with certain definite sorts of events in life. It is not the
study of bodily growth, nor of digestion or the other processes
which maintain the body. The cevents which we study in
psychology are of a different sort from these. They have to
do with the tnteraction between the living creature and the world
tn which he lives.

Every living creature is continually being acted upon by
the surrounding world (his ‘ environment’), and in conse-
quence he reacts upon his surroundings. First the environ-
ment affects the creature; then the creature produces some
change in the environment. Some of these changes are very
obvious; when you open a door, or when your dog paws a hole
in the ground, the position of things in the outer world is
altered. In other cases the change in the environment is not
so evident. But even when you merely turn your head you
see things differently; your visual environment is different.
There 1s always some change in a creature’s environment
when he reacts.

Our feelings, thoughts, and volitions arise in connection
with this interplay between our bodily organization and our
environment. These personal experiences, and all the other
events that occur while the reaction is proceeding, are what
we have to study in psychology.!

* Some chemical and physical reactions between the body and its sur-
roundings, such as absorbing food-stuff, the action of oxygen on the lungs,
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This special kind of interplay between the creature and his
surroundings is called mental life. 1t takes place in a very
definite way. (1) Men and animals have a number of special
receiving organs, called receptors, such as the eye and ear,
which gather in the impressions from outside. (2) There are
motor organs, called muscles, distributed throughout the
body, which enable the creature to move in various ways.
(8) The receptor organs are connected with the motor organs
by means of a vast network of permanent pathways called
nerves, along which certain impulses travel.

The nerves do not connect the receptors directly with the
muscles; they extend from the receptors up to the brain and
from the brain down to the motor organs. The brain is the
connecting link.! It consists of a mass of nerve cells and
fibers which join the various incoming nerves together and
connect them with the various outgoing nerves, somewhat
after the manner of the central switchboard in a telephone
exchange. The incoming and outgoing nerves and the brain,
taken together, make up the nervous system, which is the spe-
cial organ of mental life.

The mental interplay between man and his environment is
always by mecans of receptor organs, nerves, and motor
organs; and of these the nerves (particularly the brain) are
the most important part. In studying psychology we have
to investigate not merely feelings, thoughts, actions, and the
like, but the nervous system with its receptor and motor con-
nections; we must study what takes place in these organs
when one feels and thinks and acts.

The operation of the nervous system in human life may be
llustrated as follows: Suppose a baseball fielder sees a ball
coming toward himn through the air and raises his hands to
catch it. [Fig. 2.] First, his eyes receive the visual impres-

ete., are part of the processes of bodily growth and maintenance and do not
belong to psychological study.
1 There are also short-cut connections below the brain. See ch. ii.
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sion of the ball. Then the nerves from the eyes convey an
impulse to his brain. From the brain a motor impulse is
conveyed through other nerves to the muscles of his arm and
hand. Finally, as a result of these motor impulses, the
muscles are contracted in
such a way that his hand is
raised to intercept the ball.

The actions of animals
are due to a similar system
of receptor organs, nerves,
and muscles. A dog follows
a trail because the seent
affects his nostrils. A bird
flies away because the sound
of the hunter’s footsteps af-
fects its cars. In every case
the impression is conveyed
from some receptor organ
by means of nerves which
finally end in some motor
organ, producine the action,

Definitions.— 1 arious def-
mitions of psychology are
given in diffierent text-books.

St. = stimulus: light waves from (e bt 1 Svehiclogy Is often defined
R = receptors; the eyes. S wyeusery nerves g the seience of conselous

Fra. 2. — Sinive axi Acrina

running from eyes to bruin. € - conter of

nervous system: the brain. M = matornerve.,  phenomena,  which  means
running from brain to urm. ¥ = etlectors or - -
motor organs; muscles of urm and hand. the St‘“dy ()r f“z“h“{—% ”“"k-

ing, and the ike.  Some of
the newer books define psychology as the seience of beharior,
which means the study of how human beings and other crea-
tures act. Both of these definitions are correct so far as they
go. But each tells only a part of the story — and very dif-
ferent parts at that. Tt is perhaps better to call psychology
the science of mental life; but this definition is not altogether
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satisfactory, because it does not explain what is meant by
mental life. In this book we shall adopt the following defi-
nition, which is reached by putting together the results of
our previous discussion:

Psychology 13 the science which deals with the facts and events
arising oul of the interaction between a creature and its environ-
ment by means of receptors, nervous system, and effectors.

This book is concerned especially with the mental life of
man; and in human beings certain phases of mental life are
far more developed than in other creatures. Thinking and
willing are distinctly humnan affairs; and we can study many
other mental events more closely 1n ourselves than we can in
lower animals.  This is particularly true of feeling, perceiving,
and even emotion. In human psychology it is important to
emphasize these mental facts, — erperiences, they are called:

Human psychology ts the science which deals with the inter-
action between man and his environment by means of the nerrous
system and tts terminal organs? together with the mental events
which accompany this interplay.

Problems of Psychology. — These definitions indicate at
the outset the fields of study that are nof included in psychol-
ogy. It is evident that mathematics and astronomy, physics
and chemistry, are not dircctly concerned with ¢ interactions
between creatures and their surroundings by means of the
nervous system.’

In the second place, psychology is not especially interested
in the general problems of animal and plant life which biology
studies. It is not difficult to distinguish between biological
life and mental life.  Biological life depends upon assimilating
food and throwing off the waste products. The organs which
perform these processes are the mouth, stomach, and intes-
tines, rather than the nervous system. Biology studies such

! Effectors are muscles and other organs (such as glands) by which the
creature produces an effect.

* The terminal organs of the nervous system include both the receptors
and effectors.
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processes as nutrition and growth and reproduction. These
processes are for the most part chemical and other changes
within the body itself. They are quite different from the
events of mental life which psychology studies.

 Biology is interested in finding out, (1) How plants and
animals keep alive; (2) How they grow from the egg to
maturity; (3) How they rcpair injuries; (4) How they pro-
duce offspring like themselves.

Psychology is interested in studying, (1) What sorts of
impressions living creatures get from the world around them;
(2) How they get this information; (3) How they use it so as
to move and act on their surroundings; (4) How social
creatures like man communicate and work with one an-
other.

Interactions between the creature and his surroundings
take place continually. In human life they are much more
important concerns than feeding and growing. Interplay
with the environment is involved in all our pursuits — our
studies, business, sports, and home life. Man has devised
countless ways of protecting himself against the dangers and
rigors of his environment. He makes clothing and dresses
himself. He builds houses. He plants crops, raises herds,
and catches fish. He has worked out an elaborate system of
distributing these food products and other useful material.
Al this has been accomplished by means of the nervous system.
Psychology is concerned with discovering how all such actions
are performed.

Human psychology, then, deals with the following ques-
tions:

What sorts of information do we get from the outside world and from
our own body?

How is this information put together into perceptions, thoughts, desires,
emotions, and other mental expericnces?

H;)w do we remember things and how do we learn to do things in the right
way

How do human beings develop a social life, by means of which they talk
and work together?
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How do men come to get such control of their environment that they
master it and use it {or their own ends?

What is man’'s personality, which receives this information about the
world and puts it together and uses it?

These are the main problems of human psychology; but
each of them includes many lesser ones. For instance, learn-
ing to play golf is a very different thing from learning to
control your temper; and still different is learning how to
manage a business or how to bring up a family. But we shall
find that there are certain general rules or laws which apply
to all kinds of learning.

"Collecting the Facts. — The first step in any science is to
gather a great mass of facts. In all the sciences that study
nature this is done by observing carefully the ways in which
nature works. There is always a temptation to guess at
things — to imagine that things work in a certain way, be-
cause this seems the most likely way for them to act. For
instance, men used to think that a heavy body falls faster
than a light one. For a long time no one tried it out. Fi-
nally, Galileo thought it safer to observe than to guess. He
dropped two balls, a heavy and a light one, from the Leaning
Tower of Pisa; — and both reached the ground at the same
time. The notion which every one had taken for granted
proved to be wrong.

In psychology we are especially apt to use the guesswork
plan, because the facts are so much a part of our every-day
life that we think we can see them without looking. Every-
body who has not studied psychology thinks he has just five
senses — with perhaps a ‘ mysterious sixth ’ called intuition.
But when psychologists began to observe carefully, they
found that man has several other senses which had been over-
looked. We know now that there are at least eleven senses,
and possibly more. The first rule in psychology (as in every
study of nature) is to observe carefully. 1

Each science has its own special methods of observing its
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facts. Psychology uses three different kinds of observation:
(1) observing ourselves, (2) observing the behavior of others,
and (8) observing the nervous system and its terminals.

(1) SELF-OBSERVATION, which is also called introspection,
means the study of our own individual experiences. At the
present moment you see this book and other things around
you. You are thinking perhaps about psychology or perhaps
sbout your dinner. You may be remembering something
that happened to you yesterday. Maybe you have a tooth-
ache, or are angry, or are drumming on the table with your
fingers. These and other experiences are events in your own
mental life; by paying close attention to them you gather
material for the study of psychology. Self-observation
means examining your own experiences carefully. By strict
attention you often observe experiences that would otherwise
escape notice; — the touch of your clothes against the skin,
the tingle in one finger, the throbbing of the heart, a faint
noise in the distance.

Self-observation is the most important method in human
psychology. It can also be used indirectly. Your friends
tell you their experiences; this enables you to get at certain
mental facts which do not come into your own life, so that
you can check up on your own observations. In animal
psychology this method cannot be used either directly or
indirectly, because even the highest animals do not ‘ observe
their experiences carefully,’ nor can they report them to the
psychologist.

(2) OBSERVATION OF BEHAVIOR is the study of the way in
which human beings and animals act. Notice a group of
men listening to a lecture. One man turns his right ear
slightly toward the speaker. Another wrinkles his forehead
and screws up his mouth. A third scratches his head and
twirls his mustache. These are different attention-atiitudes.
When you observe them carefully you are using the behavior
method of studying psychology. Notice what the fielders
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do in a baseball game when the batter makes a hit. ‘Their
actions are different, but each act is a form of behavior. All
behavior is the result of some impression through the receptor
organs. The lecturer’s words or the flying ball start the
activity; they are called stimuli. The attitudes and actions
which follow are called responses.

It is difficult to observe one’s own behavior. If you are
fielding a ball you scarcely have time to observe the way you
are doing it; your attention-attitudes during a lecture usually
escape your own observation. On the other hand it is easy,
after a certain amount of training, to study with precision
the behavior of others. Behavior study is even more im-
portant in animal than in human psychology.

(8) OBSERVATION OF THE NERVOUS SYSTEM AND ITS
TERMINALS is used to supplement the two other methods.
It means examining the brain to find out how the various
nerves run into it and out from it and how they are con-
nected together. Where certain parts of the brain are de-
stroyed by disease, we find disturbances of the mental hfe.
If one region of the brain is affected the man loses the sense
of touch; destruction of another region means loss of speech.
Paralysis of one side of the body is due to injury of certain
regions in the opposite side of the brain.

This method is carried further in animal study by cutting
out definite regions of the brain and noticing the effect on the
animal’s behavior. The results of this animal work are ap-
plied to human psychology in so far as the brains correspond.
But the human brain is exceedingly complicated; animal ex-
periments do not help us in studying the higher mental proc-
esses, which occur only in man.
~ Another way of observing the nervous system is by making
experiments on single nerves and nerve fibers, in order to
discover the nature of the nerve current and the laws of nerve
activity. This is done by stimulating some nerve with an
electric current and noting what sensation or movement
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occurs. If electrodes be placed on your forehead and the
back of your neck, and a weak alternating current be passed
through the circuit, you will see flashes of violet light. Other
electric stimulation causes twitching of the fingers.
Examination of the receptor organs also gives some facts
which bear on psychology. The eye and the ear are very
intricate organs. A study of their structure helps us to
understand some of the peculiarities of sight and hearing,

Observation of the nervous system has not given as much
useful information as one would expect, because in such ex-
periments we observe only part of the effects that occur in
real life. Little is known as yet about the real nature of the
perve current in the living body. For these reasons the
method of nerve-observation is useful only for checking up
some of the results obtained by the two other methods.

Observation and Experiment. — We have used the word
observation in speaking of these three methods. But in each
case the psychologist is often able to make use of experiment.
The distinction between observation and experiment is this:
in observation we watch the way in which things happen by
" themselves, while In experiment we arrange the conditions
beforehand.

If we watch some one learning to typewrite, and notice his
mistakes and how he improves, we are getting at the facts by
observation. But if we give him a page to copy and measure
the time it takes him to do it and count the number of errors,
our observation becomes an experiment. We tell him to
practice an hour a day, and at the end of each day we time
him for a single page; then we have an experimental measure
of his daily improvement. One of the experiments on color
sensations consists in giving a person a great many bits of
wool of different hues and shades and asking him to match
them. The results will show how many colors he can dis-
criminate and whether or not he is color blind.

Experiment is more satisfactory than observation, because
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it enables us to get at important facts much more quickly
It may take a long time to discover that a certain person is
color blind if we merely observe his actions, while an experi-
ment in sorting out colored wools will usually settle the ques-
tion at once. On the other hand it is not always practicable
to use experimentation. When we try to study our own ex-
periences, we generally find that we cannot arrange the con-
ditions beforehand without spoiling the effect. For instance,
it is almost impossible to make yourself angry deliberately.
In studying anger in yourself, you must wait till something
unexpected happens which arouses your anger, and then ob-
gerve it — if you are enough of a psychologist to do so.
The study of the human nervous system is almost entirely
a matter of observation, because we know of no way to take
nerves out from the human body or to investigate the brain
of a living man without injuring him seriously. In the study
of our own experiences, observation and experiment are used
about equally.
In applying the behavior method, experiment can almost
always be used, and its results are much more satisfactory
_than mere observation. The wool-sorting test for color
‘blindness is an experiment which uses the behavior method;
the person tested arranges the wools in groups or series in-
stead of describing what he sees.
. Most of the work in the human psychological laboratory is
experimental — a kind of experiment in which human be-
havior plays a very important part. It would be difficult for
any one to determine by mere observation just how long it
takes him to think or to recognize & word; but this is measured
quite accurately in the laboratory by experiments on human
behavior. An electric circuit is arranged which starts a clock
(called the chronoscope) the instant a shutter falls, and stops
the clock the instant the observer presses a key. Behind the
shutter a word is placed, and then the shutter is released by
the experimenter. The person experimented upon sees the
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word, and as soon as he recognizes it he presses the key. The
clock is running from the instant the word comes in sight to
the instant the key is pressed; it records time in thousandths
of a second. This enables the experimenter to measure the
time required to recognize the word.!

After we have arranged the conditions of an experiment,
we must watch the events carefully and must not interfere
with the way they work themselves out. We are not free to
arrange results to suit ourselves. An experiment means
putting a definite question to nature. It is for nature to
answer the question, and we are bound to accept the answer
given, even though it is not what we had expected. There is
often a great temptation to amend the results so as to bring
them out as we think they ought to be. But this is not deal-
ing fairly with nature. If we doubt the correctness of the
results, the only proper course is to repeat the experiment,
taking care to avoid any errors that may have occurred the
first time in arranging the conditions or making the measure-
ments.

We find, then, that psychology uses three methods to col-
lect the facts: (1) Self-study, (2) Behavior study, and (8)
Nerve study; and in connection with each of these methods
it may proceed either (a) by observation of events as they
occur in nature, or (b) by experiment — that is, by arranging
the conditions so as to bring out certain facts.

Divisions of Psychology. — We have already noticed the
distinction between human and animal psychology. There
are a number of other branches of the science which cover
special fields of study. In the first place, the name Human
Psychology, or General Psychology, is usually applied to the
study of the normal, adult human being. This is distin-
guished from the study of the human child.

! We know how fast light travels, and about how fast the nerve impulse
travels from the eye to the brain and from the brain to the finger. This
transmission time must be taken into account. The chronoscope is shown
in Fig. 78, p. 809,
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The object of Child Psychology is to discover how each
different sort of experience originates in childhood and de-
velops to the precise form found in adult beings. For in-
stance, we may study the beginnings of speech in the child
and trace its gradual improvement; or we may study the
child’s expression of anger and other emotions, and observe
how they become suppressed and altered in later life. Simple
habits, such as buttoning clothes, tying bow-knots, lacing
shoes, are learned by degrees; the first attempts are awkward
failures; child psychology seeks to trace the growth of these
habits from their very start.

Animal Psychology, also called Comparative Psychology, is
interested in this same problem of mental growth on a larger
scale. In animal psychology we study the evolution of men-
tal life from the. lowest species to the highest. It is found
that the amceba is not capable of learning by practice. The
crayfish can learn a little. If we place a crayfish in a simple
maze ' with food at the other end, after repeated practice he
will learn the proper path to the food; he gradually makes
fewer mistakes and reaches the food in a shorter time. Ani-
mals higher up in the scale of evolution learn more quickly.
It is found that the white rat is very intelligent and can learn
the solution of rather complicated mazes. Animal psychology
also studies the growth of sight, hearing, and other senses,
following the course of biological evolution from lower to
higher species.

Another branch of the subject 18 Abnormal Psychology.
This investigates, among other things, the changes in mental
life due to diseases of the brain or other disorders. There
are many types of insanity, which come from various causes.
Some show themselves in mental depression or wild excite-
ment; other cases are marked by strange delusxons others by
inability to speak (aphasia).

It is important to distinguish between dwordered minds and

1 See Fig. 78, p. 252.
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undeveloped minds. The class of individuals called idiots,
imbeciles, and weak-minded are not insane; their minds are
merely undeveloped. They are like children in their ways of
thinking and acting, though their bodily growth in other
respects may be normal. The study of mental retardation,
or backwardness, is a division of abnormal psychology quite
distinct from insanity.!

Physiological Psychology makes a special examination of
the nervous system. It studies the different parts of the
brain, traces the course of nerves to and from the brain, de-
termines the special activity of nerves and receptor organs,
and investigates the relation of nervous activity to mental
life. Its findings are used by psychology to throw light on
mental processes and behavior.

Ezxperimental Psychology is the name given to the experi-
mental study of human mental life in the laboratory. It is
especially concerned with measuring the events instead of
merely describing them. For instance, experimental psy-
chology tries to discover just how many colors can be dis-
tinguished; how long it takes to memorize a poem, and how
much we forget in a day or a week; how quickly one idea sug-
gests another idea, and what sorts of associations are most
Jreguent between two ideas; the rafe at which we improve
in learning new habits, as shown by our speed in performing
the act or by the decrease in the number of our mistakes.

Physiological and experimental psychology are really parts
of the general branch called human psychology. We sepa-
rate them for special study because they involve the use of
delicate instruments and require special training on the part
of the student. Many of their results are included in text-
books on human psychology.

! The study of blindness, deafness, and other peculiarities which depend
on defective receptors, might be included under sbnormal psychology.
But these defects do not make the individual ‘pethological,’ like insanity

and mental retardation; so they are generally studied in connection with
normal psychology.
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In the same way we may pick out any topic for special
study and regard it as a division of psychology. The psy-
chology of religion is a special study of religious experiences;
peychophysics is an experimental study of the relation be-
tween stimuli and sensations; the psychology of play investi-
gates the origin, development, and varieties of play in man
or in different species of animals.

Social Psychology studies the events which occur when one
being acts upon another, or when a group of individuals act
together. For instance, imitation means that one person
copies the actions of another; the second influences the first —
it may be quite unconsciously. Teaching means that one
individual #ries to arouse certain thoughts in another. Speak-
ing and writing are social events; they are generally directed
toward some one else. Our moral acts depend on our recog-
nition that other human beings have feelings like our own.
In a crowd and in a community there is always a tendency for
individuals to think along the same lines and to act more or
less as a unit; an individual acts differently in a crowd than
when he is alone.

All these are examples of the kinds of events which social
psychology studies. Social psychology should not be con-
fused with sociology. Sociology studies social and industrial
relationships of every sort, while social psychology is con-
cerned only with actions and bebavior which are accomplished
by means of the nervous system.

Applied Psychology is not a division of psychology like
those just discussed; it means the art of using in practical
ways the results obtained from psychology. After we have
discovered how the human mind works, certain tests may be
arranged by which we can size up any individual mind. For
instance, if we know what sort of mental processes are needed
in a certain occupation, we may devise tests for picking out
the most promising persons from among the candidates who
are seeking the position. Mental tests are used to discover
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whether a given person has the mental qualifications to make
a good salesman or a good telephone operator. Other kinds
of tests are used to indicate whether a child belongs in the
same school-class as those of his own age, or should be placed
in a higher or lower class. The degree of mental retardation
in morons and imbeciles is determined in a similar way.!

Another use of applied psychology is in connection with
advertising. One advertisement will attract more notice
than another; some advertisements unintentionally repel the
average man. It is the task of applied psychology to find
out what sorts of advertisements appeal to the average human
being — to lay down laws about what to do and what to
avoid in advertising. These laws depend on a knowledge of
human nature; they are applications of principles which have
been discovered by the study of psychology. In general,
applied psychology is the application of psychological princi-
ples o practical problems of life.

The important divisions of psychology, then, are as follows:

Human or general psychology (study of the normal adult)
Child psychology

Animal or comparative psychology
Abnormal psychology (insanity and mental retardation)

e A Rev
Social psychology
Applied psychology (practical applications)

Summary and Outline. — Psychology is the science that
studies the interaction between human beings and their en-
vironment which occurs by means of the nervous system.
Like every other science, psychology gets its facts by obser-
vation and experiment. There are three methods of observ-
ing psychological facts: observing our own experiences, ob-
serving the behavior of others, and observing the workings
of the nervous system.

1 A moron is less deficient mentally than an imbecile. The word was

coined as the result of mental tests, which showed that in addition to idiocy
and imbecility there is a third, superior grade of mental retardation.
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Besides the study of human psychology there are several
other fields of psychological investigation, such as animal,
child, and social psychology. Applied psychology is the
application of psychological laws and principles to practical
problems in life.

In this book we are to study human psychology. How shall
we go about it? By our definition, human psychology is the
attempt to discover — systematically — how men are in-
fluenced by their surroundings; what sorts of experiences
occur in human life; how men react upon the world around
them; how human character and personality are formed.
When we study these problems we must begin at the founda-
tion. You will not understand the meaning of personality
unless you first examine the various kinds of experiences that
enter into its make-up. Speech and voluntary action cannot
be explained without some knowledge of the nervous system
and how it works.

The objection to most attempts at psychology by untrained
writers is that they generally begin at the wrong end. Most
of the popular articles on metaphysical psychology, new
thought, mental concentration, and the like, treat mind as a
simple unit instead of a composition or product. They com-
mence with the universe instead of the atom. If we wish to
understand mental life and human nature we must start at
the bottom and work up.

The first step is to study the nervous system (ch. ii) and
how it works (ch. iii), since all our thinking and acting de-
pend on nerve connections. Then we examine the receptors,
and the sensations which we get through their operation
(chs. iv, v). This furnishes the foundation for the science,

Man’s conscious life is made up of experiences, and each
particular experience is a union of many separate sensations.
After we have made a survey of the senses, we are in a posi-
tion to examine their relation to conscious life (ch. vi). The
next step is to study the different kinds of experiences that
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enter into man’s daily life (chs. vii-xiii). But mental life in-
cludes actions as well as experiences. So in studying certain
kinds of human experience we have to examine the various
forms of behavior, such as instinct and intelligence (chs. x, xi).

Thus far our study is confined to single, definite experi-
ences and actions. We now go further and examine the suc-
cession of experiences which change from moment to moment
(ch. xiv). Finally, we may trace the process by which man’s
personality is built up out of these successive experiences and
how he gradually gains control over his actions and becomes
master of himself and his surroundings (chs. xv, xvi).

This is a systematic order of studying the subject. One
step leads to the next. It avoids the popular error of as-
suming that such complex things as mind, will, and intelli-
gence are simple and fundamental.

Pracricar Exencises:

1. Report briefly (1) some feeling you have had lately; (2) some memory
you have recently recalled; (3) some thought; (4) some action you have
just performed. Bring out as far as possible the difference between
these four experiences.

2. Take two recent instances in which the environment has affected you
and then you have acted on the environment. Describe the whole
chain of events as far as you can observe them.

8. Say the word “Man” out loud. Now describe this occurrence (your
speaking) in two different ways: (1) As you observe yourself talking;
(2) As another person would observe you doing it. Compare the two
descriptions.

4. Observe a young child’s speech or handwriting; compare it with that
of an adult and point out any evidence of mental immaturity which
the comparison brings out.

5. Beport some instance where you have been carried away by the in-
fluence of a crowd. Describe how your actions and feelings have been
influenced, and explain the reason so far as possible.

[Exercise 1 is on the different sorts of experience; 2 is on our relation
to the environment; 3 is on the distinction between self-observation and
behavior-observation; 4 is on child psychology; & is on social psychol-
ogy. See p. 801 for Suggestions in performing the exercises.]

Rererences:

On definitions of psychology: Wm. James, Principles of Psychology, ch. 1;
J. B. Watson, Psychology, ch. 1.



CHAPTER I
STRUCTURE OF THE NERVOUS SYSTEM

Cells. — The human body is composed of a vast number of
units called cells. These cells are formed of substances which
are chemically very much alike, and every living cell contains
a nucleus, which is essential to its life. There are many kinds
of cells which differ in shape, degree of rigidity, and other
characteristics. [Fig. 8.] Each of our bones is made up of a
number of bone cells united firmly together. Our blood con-
tains a mass of floating corpuscles, each a separate cell. Our
skin is a network of epithelial cells which are not so firmly
compressed together as the bone cells, and allow stretching
and other changes in shape. The stomach, heart, and other
internal organs are made up of cells, each organ being built
up of some special sort of cell.

The nervous system and the terminal organs connected
with it are formed in the same way. The nerves are com-
posed of cells of a very unusual kind: they are very long and
thin, like threads, so that the name cell seems a misnomer.
The special receptors (such as the eye and ear) are composed
of several different kinds of cells. The muscles are formed
of muscle cells joined together into long bands or strips:
when a nerve impulse affects them each strip contracts and
the whole muscle is shortened.

Our body grows by the enlargement and splitting up of its
cells. When a cell reaches a certain size, it divides by a com-
plicated process into two cells, each of which is like the
‘parent ’ cell. In course of time a cell may die, just as a
living being dies. It is then disposed of as waste matter, and
a new cell (formed by the division of some living cell of the
same kind) takes its place. When a man reaches maturity
the death of old cells just about balances the production of
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new, so that he ceases to grow. But man is still able, until
late in life, to restore sections of skin and flesh, and to knit
together bones that have been injured.

Every living creature starts as a single cell of a special sort,
called a germ cell, which, when it is fertilized by union with

Germ Cell Bone Cells Nerve Cell Receptor Cell
(Retinal Cone)

Blood Cell

Fra. 8. — DirrerenT KinDs oF CELLS

‘Some of the principal cells which make up the body; greatly enlarged in the drawing. The
human body contains many other varieties of cells.
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another germ cell of the opposite sex, begins to grow and
subdivide. The cells first formed in this growth process are
not all alike; they are the starting-point for the bones, skin,
inner organs, nerves, and other components of the body.
As the division of cells continues the body gradually takes
shape, and its various parts begin to be formed.

The cells composing the human nervous system develop
rapidly in the embryo, and practically all of them are formed
before birth. Their number is astonishingly great; there are
over nine billion nerve cells in the outer layer (cortex) of the
brain alone.

The Neuron.— The separate cells
which make up the nervous system
are called neurons. In the neuron
the main body of the cell, which
contains the nucleus, is very small
compared with the rest of the struc-  Cottaterat
ture. The important feature is a =
long thread-like fiber which pro-
jects out from the cell-body, and
usually has several branches.

Fig. 4 shows one sort of neuron,
in which a long fiber, called the
aron, extends from the cell-body in Axon
one direction, terminating in very
fine fibrils, called the telodendrion,
or endbrush. The axon is usually
provided with branches, called col-
laterals. At the other end of the . %mm-ﬂrion
cell-body there is a larger network -
of fibrils, called dendrites, which %™ T NEvRON Axp
branch out like a tree. There are
several other varieties of neuron [Fig. 5}, in some of which
the fibers extend in both directions from the cell-body.!

3 In both Figs. 4 and 5 the thickness of the fibers is exaggerated, otherwise

'/ Dandrites
IJ "
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The length of the axon varies considerably. Some axons
are very short; they belong to neurons which link together
two neighboring neurons in the spinal cord within the back-

\

e L

b

F1a. 5. — Vantous Types or NEURONS

Six different sorts of peurons. Notice the small size of the cell-body and great length of the
axon. Ib the drawing the thickness of axon and collaterals is exaggerated, and the finer Bbrils
do not show. [From Thorndike.}

L Z0F S 0w a

bone. There are other neurons whose axon fibers are more
than two feet in length, extending all the way from the toes
to the spinal cord. The point to remember especially about
the neuron is that it is a line of conduction or pathway along
which nerve impulses travel.

they could not be seen in the picture; in Fig. 4 the size of the cell-body is
drawn too large compared with the projections, so as to show the nucleus.
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The Synapse. — In the general arrangement of the nervous
system each neuron connects up end to end with another
neuron.! A series of neurons joined together in this way form
a chain or circuit which extends from the eye or ear or some
other receptor to the brain, and from the brain to some muscle
or gland; every receptor is the starting-point of a nerve cir-
cuit, which terminates in some effector. These circuits are
called nervous arcs.

The connection of successive neurons in the nervous arc is

not a complete soldering of the ends together. It is a peculiar
sort of connection,

not fully understood.
The minute branch-
ing fibrils at the far
end of one neuron
are meshed in with
the fibrils at the near
end of the next neu-
ron, like the branches
of two bushes close
together in a clump.
At these intermesh-
ing points the nerve
impulse passes across
from one neuron to
the next, just asin a
copper wire of many
strands the electric
current passes over

to another pece S =gynaptic regions, where two neurons mesh
of wire when the {From Thorndike, after Van Gebuchien.)

strands of the two are meshed together. The junction point
of two successive neurons is called a synapse. [Fig. 6]

Fie. 6. — Various Types oF Synapses

} The side connections by means of the collaterals should not be forgotten.
They correspond to the branching of an electric lighting system. '
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The synapse does not transmit nerve impulses as readily as
the nerve fiber; it offers more or less resistance to the passage.
Sometimes the resistance at a synapse is so great that the
impulse is unable to pass over at
all into the next neuron. In such
cases the pathway is blocked, and
either (1) the impulse goes no fur-
ther, or (2) it passes into some col-
lateral and through the synapse at
its end into a neuron belonging to
a different circuit. The synapses
and the resistance which they offer
to the transmission of nerve im-
pulses are very important factors in
determining what pathway a given
nerve impulse will take. Qur abil-
ity to learn new actions depends on
the shunting of nerve impulses into
new paths by means of collateral
synapses.

General Plan of the Nervous
System.— The neurons are not scat-
tered through the body promiscu-
ously. They form great masses in
the head, constituting the brain;
clsewhere in the body a number
of neurons run close together in

F1c. 7. — Brain axp Corp N Posrrion

In the head is the brain, consisting of the cerebrum
and beneath it the cerebellum (CBL) and medulla
(MED). The spinal cord is the long white line extend-
ing down from the medulla. The peripheral nerves
branch off from the cord at intervals : their beginnings
are shown projecting down toward the right in the
drawing. C I to C VIII = cervical nerves; TH I to
TH XII = thoracic; LIto LV = lumbar; SIto BV
= gacral; COC I = coccygeal.
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SO7ERIOR CIRYIOAL ST ©
TMETIC GANGLION

DIPRRIOR CERVICAL SYNPA o -
SKEJIC CANGLION

GANOLIATED CORD {
gamaLion -~ P\

FILON TERMINALE

F1g. 8. — CENTRAL PoRTION OF NERVOUS SYSTEM

Viewed from the front. The brain extends down to ‘1 cervical nerve’; below this is the
spinal cord with beginnings of the peripheral nerves as they leave thecord (numbered at right).
To left (very black) are shown the sympathetic ganglia of the autonomic aystem: the corre-
sponding ganglia to right of cord are not shows. [From Herrick, after Allen Thompeon sod

Rauber.}
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bundles. The nerves which are visible to the naked eye
are bundles of neurons lying side by side. The individual
neurons in any such bundle or nerve are insulated from one
another. The nerve impulse does not jump across from one
neuron to those beside it, but passes along the same fiber to
the synapse at the end, and over into another neuron which
is the extension of the same path.

The main nervous system! consists of the brain, spinal cord,
and peripheral nerves. [Figs.7,8.] There is also a somewhat
independent system of nerves called the sympathetic or
aulonomic system, which controls our digestion, heart, and
other internal organs. [Fig. 8; cf. Fig. 15.}

Peripheral Nerves.— The peripheral nerves are the path-
ways which connect the centers in the brain or spinal cord
with the receptors or effectors. They are of two sorts:
sensory and motor. The sensory nerves connect the receptors
with the cord or with the brain; they carry nerve impulses
inward from some receiving organ to some center. The
motor nerves connect the cord or brain with the muscles and
other effector organs throughout the body. They carry nerve
impulses out from some center to some effector.! The sen-
sory and motor nerves which connect with parts of the body
below the head pass into the cord on their way to or from the
brain; they are called spinal nerves. There are also sensory
and motor nerves in the head which enter the brain directly,
without passing through the cord; these are called cranial
nerves. For instance, the olfactory nerve is a sensory cranial
nerve leading from the smell receptors in the nostrils to the
center for smell in the brain. There are also motor nerves
leading from the brain to the face muscles which are used in
smiling; they do not pass through the spinal cord.

Spinal Cord. — The spinal cord runs up the back from the

3 Called the eerebrospinal system.
8 There are also mixed peripheral nerves, which contain both sensory and
motor neurons, grouped into separate bundles, but running side by side.
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lower extremity of the trunk to the head, where it enters the
brain. Roughly speaking it is about as thick as your little

finger.
(vertebrse) which make up
the backbone are hollow,
and the cord lies within this
hollow tube. The nerves
enter or leave the cord in the
space between each pair of
vertebree. [Fig.7.] At each
vertebral juncture two sen-
sory nerves enter the cord —
one from the right, one from
the left — and two motor
nerves go out. [Fig.8.] The
sensory and motor nerves on
the left side join together
just outside the cord [Fig. 9]
and run as a single nerve to
the region of the body where
they terminate; there the
nerve breaks up and each
neuron proceeds separately
to its final destination. The
corresponding sensory and
motor nerves on the right
side proceed in a similar way.
Both of the sensory nerves
(right and left) enter the
cord from the dorsal direc-
tion — that is, at the back;
while the motor nerves pass

It lies inside the backbone.

The separate segments

Fia. 9. — Cross-SrcrioN or Corp

The central gray matter (G) is shaped like
an H, and is surrounded by white matter (W),
From the ventral or front born (VH) of gray
matter emerges the motor root (MR) of s
spinal nerve (SP); the sensory root (SR) of
the same nerve enters the dorsal or back born
(DH), which is more pointed than the ventral.
Near the junction of the two roots is the spinal
ganglion (SG) consisting of sensory cell-bodies,

The nerve shown in the figure is on the left
side of the body; the roots of the correapond-
ing rigbt-side nerve join the cord at the farther
pair of horns. [Modified trom Testut.)

out in the ventral direction — that is, toward the front of the

body.

If we cut through the cord horizontally, it is seen as a mass
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of whitish substance, surrounding a grayish mass which looks
somewhat like the letter H. [Fig. 9.] The gray matter is
composed largely of cell-bodies with the fibers leading into
them. The white matter is composed of axon fibers with no
cell-bodies. The difference in coloring is due to the grayish
tinge of the cell-bodies.

The peripheral sensory and motor nerves from all over the
body below the head pass into the gray matter of the cord
and terminate there. At their terminus in the cord they con-
nect with two distinct paths: (1) There are reflex connecting
neurons in the gray matter which join the ends of the sensory
neurons directly with the ends of the motor neurons in the
cord, so that a nerve impulse may come into the cord and pass
out immediately, without going up to the brain. This direct
connection is what causes the knee-jerk and other spinal
reflexes. (2) There are also secondary sensory meurons con-
nected with the ends of each sensory neuron in the gray
matter of the cord which lead up to the brain, and corre-
sponding secondary motor neurons which descend from the
brain and connect with the peripheral motor neurons in the
cord. These indirect connections are used in voluntary
movements. The white matter of the cord is made up of
these conducting fibers which connect the brain with the
peripheral sensory and motor neurons.

The H shape! of the gray matter in the cord is due to these
connections: (1) The direct reflex connections between the
sensory and motor fibers form the two uprights of the H; and
(?) the sensory fibers (with gray cell-bodies), crossing over
from right to left before they pass up toward the brain, make
the cross-bar.

The thickness of the cord varies. It is thickest near the
head and tapers down at the lower end. This is because a
pair of nerves pass out at each of the vertebral openings,
reducing the size of the cord as we proceed downward. The

! Turn Fig. 9 left side up and you see the H clearly.
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decrease is not uniform; there aré two distinct bulges: one
where the great nerves of the arms leave the cord, the second
where the nerves pass out to the legs,

The spinal nerves are named according to the region of the
body which they serve, and within each region they are nume
bered from the top downward. There are in all thirty-one
pairs of spinal nerves, [Fig. 8.]

The sensory nerves which enter the cord from the right side
connect with neurons that cross over and pass up on the left
side, and vice versa; in every case the sensory paths in the
cord are on the opposite side from that on which they enter.
The motor fibers generally cross at the upper end of the cord,
80 that the motor paths in the cord are on the same side as the
peripheral motor nerves with which they connect. But in
every case the sensory and motor nerves which serve the right
side of the body connect with the left side of the brain, and
vice versa. In other words, the left side of the brain receives
impulses from the right side of the body and controls move-~
ments on that side, while the right side of the brain is con-
nected with the left side of the body.

The Brain.— The human brain is a very intricate affair
It consists of the medulla oblongata, cerebellum, pons Varolii,
and cerebrum or great brain; the cerebrum is divided into the
basal ganglia and the corter or covering.? In addition there
are twelve pairs of cranial nerves, which connect with re-
ceptors and effectors in the head. [Fig. 10.]

Of the twelve cranial nerves, some are sensory, some motor,
and some contain both sensory and motor branches. Sen-
sory nerves or branches connect with the eye, ear, and organs
of taste and smell, and with receptors for the sense of touch
in the lining of the mouth and nose, and in the skin of the face.

1 See Frontispiece. If possible a brain model or specimen should be
examined.

? The term brain-stem is used to designate all the brain except the cerebels
lum and the cortex with its connecting tracts.



80 STRUCTURE OF THE NERVOUS SYSTEM {cu.n

It is through these nerves that we get sensations of sight,
hearing, and the other special senses, as well as touch sensa-
tions from the skin of the head. Motor nerves lead to the
various muscles in the head, including the eye muscles and
those of the lips, tongue, jaws, and throat which are used in
eating and speaking. The cranial nerves and receptors will
be examined in more detail in connection with sensation
(chs. iv, v).

The medulla is really a continuation of the spinal cord, but
is much thicker. It is the region where the motor fibers cross,
and it is also the assembling point for fibers connecting the
cord with the various parts of the brain beyond.

The cerebellum is a spherical mass of nervous matter which
lies at the back of the medulla and somewhat above it. It
contains centers for cosrdinating our movements; by means
of its activity we are able to maintain our equilibrium and to
make other simple motor adjustments without special at-
tention.

The pons is a broad band of nerve fibers lying in front of
the medulla and crossing it horizontally. It is situated some-
what above the cerebellum.

Immediately above the parts just mentioned is the cere-
brum or great brain. Its interior consists of a number of
odd-shaped masses of nervous matter called the basal ganglia,
which serve various purposes in the reception and treatment
of nerve impulses. Some of these masses connect with the
cranial nerves; others are intermediate stations between the
cord and cortex. It would require an undue amount of time
to describe their relative position and uses, and this can only
be done satisfactorily in connection with an examination of &
brain model or actual dissection. For our purpose the most
important basal ganglia are the two optic thalami,! right and

1 This name was adopted because the thalami were found to lie at the end
of the optic nerves. Later they were found to be the terminals of other
sensory nerves also; the olfactory nerve is apparently not connected with
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left, which contain the primary centers for stimuli from ail
the receptors. [Fig. 11.]

The Cortex.— The cortez is a thin sheet of gray nervous
matter which lies above and around the basal ganglia, almost
completely surrounding them.! The cortex and underlying
portion of the cerebrum is divided by a deep medial fissure
into two parts, called the right and left hemispheres, which
are connected beneath by a mass of white fibers called the
corpus callosum.

The surface of the cortex is covered with rounded creases,
which give it the appearance of being wrinkled or folded.
[Fig. 12.] Two deep creases on each side divide the cortex
into readily distinguishable parts. They are called the fissure
of Sylvius and central fissure or fissure of Rolando. [Fig. 18.]
For convenience in reference, the regions marked off by these
and the medial fissure are called lobes and are given separate
names, though their functions are not always distinct. In
each hemisphere there are four lobes; the frontal, temporal,
parietal, and occipital.

The surface of the cortex is gray, covering a mass of white
matter beneath.? This means that the cortex is made up
largely of cell-bodies, while the part beneath consists of fibers
leading to or from the cortex. The thin cortex is the final
goal of the sensory fibers and incoming nerve impulses and it
is the starting-point of the most highly organized motor im-
pulses. The cortex is the great central control station of the
nervous system.

There is no single dominating center in the cortex, where
all incoming impulses gather and from which all motor im-
pulses are generated. On the contrary, the cortex contains
many separate receiving centers and many separate motor
thalami. In the illustrations of the brain the Latin names are used; the
English equivalent is obvious in every case.

! The name corter means bark or rind.

3 Note that this arrangement is the reverse of the cord, where the gray
matter lies inside the white.
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centers. [Fig. 14.] The higher or control centers for sight
(vision) and hearing lie in widely separated regions of the
cortex. They connect with the lower or primary centers for
these senses, which are situated in the optic thalami beneath.
Near the cortical hearing center is a special center for audi-

ead oulde
nd Eyesf Arm

Fi6. 14. — CENTERs 1IN THE CORTEX

Same view as Fig. 13. Diagram showing the touch and motor centers from toes to lips, and
relation of language (speech) centers to centers for sight (vision), heuring, tongue, and lips.
{¥rom Herrick, after Starr.}
tory language — that is, for hearing and understanding
spoken words. There are also special cortical centers for
speaking, writing, and reading.

The arrangement of the cortical centers for touch and for
moving various parts of the body is rather striking.  [Fig. 14.]
They lie along the fissure of Rolando, and are arranged in
much the same order as the parts of the body which they
serve: first, at the top, the centers for the toes, then for the
foot, leg, thigh, and so on to the centers for cheek, jaws, lips.
Notice that the order is inverted: the centers for the very
lowest part of the body — the toes — are highest up in the
cortex. The motor centers in this group lie on the front wall
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of the Rolandic fissure; and just opposite each one, on the rear
or posterior wall, lies the corresponding sensory (touch) center.
In Fig. 14 the center for touch sensations from the toes lies
just to the right of the center for moving the toes, and so on.

The cortical centers for sensory and motor functions which
we have described are called projection centers, because the
impulses are projected up from the primary sensory centers
(and down to the primary motor centers) in the basal ganglia
beneath. They are concerned not so much with the recep-
tion of sensory impulses as with combining and elaborating
them. To take one example: the primary center for sight is
in the thalami. A person gets visual impressions and is able
to avoid obstacles in walking if the optic nerves leading from
eyes to the thalami are intact, even though the visual center
in the cortex is destroyed; but he cannot recognize objects
without the cortical center for sight; and he cannot read if the
word-seeing center is destroyed, though he can see the letters
on the page as black marks.

Besides the projection areas, the cortex contains masses of
connecting neurons. The regions in which they are located
are called association areas. The association areas are filled
with bundles of nerve fibers which form connections between
the various projection areas. When you touch and see and
smell a flower, all at the same time, the association fibers
connecting the cortical centers for touch, sight, and smell are
brought into play, so that these three impressions combine
into the perception of a single object — the flower. In read-
ing aloud the association fibers joining the word-seeing and
word-uttering centers are used to connect the cortical proc-
ess of understanding words with the cortical process of
speaking. The cortical centers in one hemisphere are con-
nected with the corresponding centers in the other by com-
missure fibers passing through the callosum.

In general there are corresponding centers for each sensory
and each motor function in the two hemispheres. The corti-
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cal centers for the right half of the body are in the left hemi-
sphere, and vice versa. The visual centers form an apparent
exception. The fibers from the left half of both eyes run to
the left thalamus, and those from the right half to the right
thalamus, half of each optic nerve crossing over at a place
called the optic chiasm. But since the visual picture is re-
versed on the retina, the right half of each eye sees objects
situated to your left, and vice versa, so that even here the law
holds.

The four language centers (for speaking, writing, hearing
words, and reading) are found in only one hemisphere — not
in both. In right-handed persons the language centers are
all in the left hemisphere of the brain. This is proved by
cases of brain disease. If certain areas of the cortex are
destroyed or injured, there is a language disturbance, pro-
vided the injury is in the left hemisphere; if the corresponding
region in the right hemisphere is destroyed, there is no
language disturbance, showing that there is no language area
on this side.

Autonomic System. — The operation of the digestive
organs, heart, lungs, and other internal organs is regulated
by a system of nerves which do not form part of the main
(or cerebrospinal) system. This is called the autonomic
system. [Fig. 15.] It consists of a number of more or less
independent groups of nerves, each of which has a small
central mass of its own, called a ganglion. There are im-
portant nerve groups (called plexuses) belonging to this sys-
tem in various parts of the body: at the base of the heart, in
the upper abdominal cavity, and in the lumbar region. They
control the circulation, digestion, and reproductive organs.
There are also smaller ganglia in the head. Two series of
ganglia are situated near the spinal cord, one on each side of
the body. [Fig. 15; cf. Fig. 8.] Each of these ganglia con-
nects with the next higher and lower ganglia, and with the
neighboring spinal nerve.
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The activity of the autonomic system governs the or-
ganic or biological life processes, so that usually these operate
without conscious control. But the connection between the
autonomic ganglia and the main npervous system makes
possible an interplay between our organic and higher mental
processes. By means of this connection, for instance, we are
able to regulate our breathing, although breathing ordinarily
goes on independent of brain supervision, by means of the
autonomic system. In the same way our worries sometimes
affect our digestion, through motor impulses from the brain
which pass over into the autonomic digestive nerves. On the
other hand, chronic indigestion often affects our temper or
makes us depressed. In this case the autonomic system acts
indirectly upon the cerebrospinal system: the digestive trouble
causes toxic chemical products, which stimulate the organic
senses and give rise to unpleasant sensations.

Summary. — The nervous system is composed of many
millions of special cells called neurons. The distinctive
features of the neuron are its long white axon fiber projecting
from the gray cell-body, its collateral branches, its dendrites,
and the minute fibrils in which all these terminate. Neu-
rons connect together, end to end, by the intermeshing of
this fibrillar network; the connection is called a synapse.

The nervous system 1s divided into the main (or cere-
brospinal) and the autonomic system. The autonomic sys-
tem is concerned chiefly with the bodily life processes —
digestion, circulation, etc. It connects with the main system,
however, so that our mental and bodily life processes influ-
ence each other.

The cerebrospinal nervous system consists of the brain,
cord, and peripheral nerves. The sensory peripheral nerves
Jead inward from the receptors; the motor nerves lead out-
ward to glands or muscles. The sensory nerves always carry
impulses in from a receptor toward a center — never in the
other direction. The motor nerves always carry impulses
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out from the center toward the effector. Some peripheral
nerves connect the end organs with the cord and lead to the
brain through pathways within the cord; the cranial nerves
in the head connect directly with the brain without passing
through the cord.

The cord contains both conducting nerves and centers.
The gray matter within the cord consists of cells which serve
as centers for the immediate connection of incoming and
outgoing nerves. These spinal centers cause quick, uncon-
scious movements called reflexes. The knee-jerk is a spinal
reflex. The white matter of the cord surrounds the gray
matter; it consists of masses of sensory fibers which continue
the sensory paths on toward the brain, and motor fibers con-
necting the brain with the peripheral motor nerves.

The brain comprises all higher nerve centers, where sensory
nerves connect with other sensory nerves, motor with other
motor nerves, and sensory with motor nerves. The cere-
bellum lies at the base of the brain, and contains a system of
centers for regulating our equilibrium and general posture.
Above this lies the cerebrum, or great brain, consisting of basal
ganglia and cortex. The basal ganglia contain the lower
control centers for receiving impulses from the receptors.

Surrounding the basal ganglia is the cortez, divided into two
hemispheres, which acts as the highest controlling station of
the system. In it are the projection centers for incoming and
outgoing impulses, and association areas for connecting these
together. The cortex contains many million neurons. Our
highest intelligent activities, such as perception, language,
thought, and voluntary movements, depend on the intricate
connections of neurons in the cortex.

PracricaL EXERrcisgs:
8. Report any instances of indigestion or other bodily disturbance due to
anxiety or disappointment. !
7. Describe any brightening of your outlook on the world due to improve-
ment of your bodily condition; or depression caused by bodily ailment.
8. Test the involuntary eye-wink of some friend by an unexpected loud



88 STRUCTURE OF THE NERVOUS SYSTEM (cu. n

noise or quick movement past the eye; note the voluntary resistance
to the wink when the experiment is repeated several times. Report the
experiment, including his description of the experience. Test the iris
reflex with a flash-light in a dark-room.
9. Describe (or name) the different sorts of muscular movement which
you can observe in your face and head.
10. Make a sketch of the cortex of the left hemisphere, indicating the
various centers.

[Exercises 6 and 7 are on the relation between the cerebrospinal and
automatic systems; 8 is on the reflex nerve paths; 9 is on the motor-
perve terminals; 10 is on the topography of the brain.]

RerERENCES:
On cells in general: E. B. Wilson, The Cell.
On the nervous system: J. D. Lickley, The Nervous System; C. J. Herrick,
Introduction to Neurology; K. Dunlap, Outline of Psychobiology.
On the cortex and its centers: Ladd and Woodworth, Elements of Physio-
logieal Psychology, Part 1, chs. 9, 10.



CHAPTER III
OPERATION OF THE NERVOUS SYSTEM

How the Nervous System Works. — Despite the complex-
ity of the nervous system, its general manner of operation
is simple: (1) Some one of the receptors is stimulated. (2)
The stimulus starts a nerve impulse in the sensory neuron
connected with this receptor, and this impulse travels along a
sensory path to a center in the cord or brain. (3) Impulses
which reach the sensory centers at the same time are col-
lected and combined with the traces left by previous impulses
and proceed to a motor center. (4) A motor impulse goes out
from the motor center along some motor nerve to 2 musele or
gland. (5) The muscle contracts and a bodily movement
occurs, or if a gland 1s affected, secretion results.

This entire eircuit is called a nerrous arc. Nerve energy
always passes through a nervous arc, and always in the same
order. A concrete example i1s the way the nervous system
operates when a man tries to catch a baseball.! (1) The light
waves from the ball reach the player's eye and stimulate it.
(2) The optic nerve carries the effect to the visual center in
his brain. (8) In the brain the impressions from all parts of
the ball and the background around it are put together. The
resulting picture is combined with other impressions received
at the same time and with the player’s memories; then a nerve
impulse goes to the brain centers for arm and hand move-
ment. (4) The motor nerves thereupon carry nerve impulses
down from the brain through the cord and out to the muscles
of the arm and hand. (5) When the impulse reaches these
muscles it causes them to contract. The ball is caught if the
motor impulses are well cotrdinated. If the brain cotrdina-

1See Fig. 2, p. 4.
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tion is poor, the muscles do not contract just right and the
player misses or fumbles the ball.

In some cases the process is simpler and in others much
more complicated than this. Winking is the result of a very
simple nervous operation. When an object passes close to
your eye, the eye is stimulated very suddenly. The sensory
nerve impulse in the optic nerve goes only to the lower visual
center. No time is lost in collecting or distributing: the im-
pulse passes directly over to the center for lowering the eye-
lid; the motor impulse goes out to the eyelid muscle at once,
and you wink. These very simplest nervous activities are
called reflexzes. Winking is a cranial reflex; its arc lies within
the head.

There are other simple arcs which do not enter the head at
all; they are called spinal reflexes. [Fig. 16.] When some-
thing unexpectedly touches the skin of your hand, a sensory
impulse is carried by the sensory nerve to the cord. There it
passes over from the dorsal to the ventral part of the gray
matter (on the same side of the body), and passes out along
the motor nerve to the muscle in your arm; the muscle con-
tracts, and you jerk your hand away.

Many human actions are very complicated and involve an
intricate nervous arc. Suppose you are going to answer a
letter. A large number of stimuli affect you as you read the
message. When they reach the brain you do not start to
write at once, but you think it over; that is, there is a period in
which nerve impulses are traveling from center to center in
the brain, arousing memory pictures and thoughts. After a
time your thoughts are satisfactorily marshaled, and it is
then that the motor impulses from the writing center begin
to flow out to the muscles of your fingers and wrist.

In every case, whether simple or complicated, the nervous
activity consists of a succession of five steps: (1) Stimulation
of a receptor; (2) conduction of nerve impulses toward a
center; (3) adjusiment of impulses at the center or centers;
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(4) conduction of motor impulses to an effector; and (5)
response or activity by the effector. Each of these steps must
be examined before we can understand the process as a whole.
We may combine the two conduction processes and discuss
the questions in the following order:

What is stimulation?

What is nervous conduction, and what are the other characteristics
of the nerve impulse?

What is response?

What happens at the nerve centers?

Stimulation. — Stimulation is the effect produced on a
receptor by some object or force in our surroundings (environ-

F1g. 16. — NERvOUs ARrc I1v Spivar REFLEX

Showing path of reflex nerve impulse when the skin of hand is
stimulated. A sensory impulse travels in direction of arrow to the
cord, entering at the back (dorsal root); the impulse crosses imme-
diately to front of gray malter; thence a motor impulse goes out
through the ventral root to muscle in the arm, producing muscular
contraction. [From Herrick, after Van Gehuchten.]

ment) or within our body. When you touch a book or an
apple before picking it up, the surface of the object presses
against your skin and quickly produces a change in certain
receptors called touch corpuscles, which lie scattered about in
the skin; that is, the pressure on the skin stimulates these
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corpuscles, and the effect is communicated to the endings of
sensory neurons which lie in close connection with the touch
corpuscles. When light waves from an object stimulate
your eye the effect is communicated to the neurons of your
optic nerve in a similar way. In the case of touch the stimu-
lus is a material body; in the case of sight the stimulus is a
force. The stimulus acts in a mechanical way on the receptor
in touch and hearing; in certain other senses, such as sight
and taste, the stimulus produces a chemical change in the
receptor.

The stimulus may act either from inside or outside the
body. Hunger is caused by stimulation of the receptors in
the lining of the stomach and alimentary canal. Here the
stimulus is inside the body. The muscle-sense stimulus is
also inside the body. When you bend your arm the muscle-
sense receptors are stimulated by the change in muscular
tension and this starts the nerve impulse which gives you a
sensation of movement. In the case of sight, hearing, smell,
and touch the stimulus is outside the body, in the surrounding
world, and acts upon receptors situated at or near the surface
of the body.

Nerve impulses do not start themselves; they do not origi-
nate in the neurons. They always depend on some stimulus
which works upon a receptor organ, such as the eye or touch
corpuscles; this effect is transmitted immediately to the
sensory neurons whose endings are in close connection with
these receptors. There is one partial exception to this rule.
The nerves which give us pain sensations have no receptor
organs. Pain is caused by wear and tear of the tissues of the
body; the destruction of tissue is a stimulus which works
directly on the sensory nerves for pain. This means merely
that in the case of pain there is not a double process of stimu-
lation. In all other cases the stimulus affects the receptor
and then the receptor affects the sensory nerve.

The nature of the impulse in the sensory nerve is deter-
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mined in the first instance by the nature of the stimulus.
The intensity of the impulse is determined by the intensity or
force of the stimulus. The brighter the light which strikes
the eye, the more intense is the resulting impulse in the optic
nerve; the greater the pressure of an object on the skin, the
more intense is the resulting impulse in the nerve for touch.
The quality of the stimulus also determines the impulse in
certain cases. The different light waves which strike the eye
produce differences in the nerve impulse, which enable us to
distinguish colors.

The sensory impulse depends also on the nature of the
receptor, and how it is affected by the stimulus. A well-de-
veloped eye is capable of distinguishing more differences of
intensity and more colors than an eye of the primitive type
found in very low animals. A human being can tell more
readily than a starfish that it is getting lighter or darker.
This is because the human eye is more perfect; its reactions
to light are more finely graded. Consequently the human eye
passes on to the optic nerve a greater variety of different
effects, and these differences are transmitted to the brain;
so that man is able to detect much finer gradations of light
than the starfish.

In point of fact, the receptor has more to do with determin-
ing the form of the nerve impulse than the stimulus. If two
coins, a cent and a nickel, be placed one above the other be-
neath the tip of the tongue, so that they touch the tongue and
each other, we get a peculiar metallic taste sensation. Neither
coin separately can be tasted. There is no taste stimulus
properly speaking, but chemical action (electrolysis) is set up
by their connection with the tongue. The electrolysis stimu-
lates the taste receptors and this sets up a nerve impulse in
the taste nerve. In other words, the impulses set up in any
sensory nerve are determined not merely by the stimulus,
but by the make-up of the receptor. Whatever the stimulus,
the impulse is specific to the receptor stimulated: the taste
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receptors always give us tastes, the eye always gives us sensa~
tions of light, — if they give any sensation at all.

The Nerve Impulse. — The exact nature of the nerve im-
pulse is not yet known. This is because the neurons are very
small and their activity cannot readily be observed. We
know that nerve conduction is not a flow of material, like the
passage of water or gas through a pipe. We also know that
the nerve impulse is always accompanied by an electric cur-
rent; but it is uncertain whether this electric current s the
nerve impulse. There is certainly some chemical action in
the neuron during the passage of the nerve impulse, and
possibly the nerve impulse is really a chemical change in the
nerve substance. In other words, the nerve impulse may be
electrical, or it may be chemical, or it may be a combination
of the two. Until physiologists have settled the question
definitely, psychologists must be content to call the nerve
impulse a chemico-eleciric event, which covers all three possi-
bilities.

Properties of Neurons: Excitation and Conduction. — The
substance which composes the neurons has a number of
characteristics or properties; its two fundamental properties
are excitation and conduction.  Excitation means that a neu-
ron is capable of being aroused into activity by some force
acting upon its fine branching ends. A peripheral sensory
peuron is excifed by the receptor, as a result of stimula-
tion. Every other neuron in the are is excited or aroused to
activity by impulses from some other neuron which connects
with it at a synapse.

Conduction means that a neuron, when once it has been
excited at one end, transmits the impulse along its main fiber
and branches to the synapses at its farther end. Conduction
takes place only in one direction. The impulse always pro-
ceeds towards the center in sensory nerves and away from the
center in motor neurons. This is due to the construction of
the synapses. They are so made that the impulse can pass
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through them in one direction only — like the entrance to a
mouse-trap. The synapses of the collaterals follow the same
principle. They transmit impulses in one direction only.

The result of this law of conduction is that all impulses
tend to proceed from receptor to center and from center to
effector. There is no ‘ back-wash ’ in the reverse direction.

Retention and Fatigue. — The course of the nerve impulse
along the arc is not always the same. The path which a
given impulse takes depends upon physiological conditions
in the neurons and synapses. There are two properties of the
nerve substance which determine and alter the course of the
impulse: refention and fatigue.

Retention means that if an impulse in a certain neuron has
once passed over a given synapse, that synapse thereby be-
comes a less resistant or more permeable pathway; that is,
in future, similar impulses along this neuron are more likely
to pass out through this particular synapse than through
another. It also means that every nerve impulse leaves a
trace of some sort in the nerve substance, which has an effect
on future impulses passing along the same neurons. For
instance, when we look at a printed page the black and white
of the printed background stimulate a great many separate
neurons; after the impulse has passed on, the neurons retain
a trace or permanent impress, which influences any subse-
quent impulses passing through these same neurons. This
permanent ‘set’ or ‘mold ’ is the basis of memory, one of the
most important facts in mental life. The retention traces or
set left in certain central neurons by the letters and words we
have read, make it possible for us in future to recall our
former experience of reading these words — to get a mental
image of the same words and sentences long afterwards,
withomt consulting the book.

The persistence of retention is readily observed in the case
of motor habits, such as swimming or bicycle riding. If you
once acquire one of these habits, it can be revived after a
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long lapse of time with very little practice. The same is true
of mental habits. If you memorize a poem by repeating it
over and over again, you will find that you can recall it after
a long period during which it has apparently been forgotten.

Fatigue is an effect which is the opposite of retention. It
means a loss of efficiency. Through constant use of the same
neurons and synapses there comes about a wear and tear of
substance, which impedes the nerve impulse. This effect is
similar to the fatigue that occurs in the receptors and muscles.
If you look steadily at a bright object, the eye is fatigued; if
you carry & heavy suitcase, the muscles of the arm are
fatigued. The efficiency of the eye or the muscle is tempo-
rarily impaired. Just so the synapses in the nervous system
become fatigued if we use the same nervous arcs constantly.
A fatigued synapse offers more resistance to the passage of im-
pulses; if the resistance is very great the impulse is unable to
pass through that synapse at all and is shunted over another
synapse into another path. This accounts in part for the
variety of our actions. If the synaptic connections grew
continually more and more fixed, we would in time have only
a lot of stereotyped habits.

The fatigue effect occurs only when the same neurons are
used steadily, with no let-up. If the stimuli are varied, the
synapses have a chance to rest, the nerve substance is gradu-
ally restored, and the fatigue finally wears off. This is quite
different from the retention effect, which persists in spite of
the lapse of time.

This explains why we become fatigued after studying the
same subject for a long time without intermission. By
changing our mental work to something quite different, we
rest the brain and can accomplish more.

Collection and Distribution. — These are two other charac-
teristics or properties of the nerve impulse. Collection is the
gathering together of several impulses into a single neuron.
{Fig. 17.] When we look at any object, a great number of
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nerve impulses are started along the various fibers of the
optic nerve and proceed separately to the visual center of the
brain. Here the separate impulses are gathered together, so
that we see the object as a single thing. All our perceptions
of objects and events are due to the collection of many sepa-
rate impulses.

Distribution is the opposite of collection. Nerve impulses
do not always proceed along a single pathway. Often they
pass out of a neuron by several synapses at once, into as many
different motor paths. {Fig. 18.] Whenever you perform a

A S« s' B,
DS
A, S, S. B,
Fia. 17. — CoLLECTIOR oF Fia. 18. — DIsTRIBUTION OF A
NEervE IMPULSES NErve IMPULSE
Nerve impulses in two separate neu- The perve impulse in neuron A di-

rons A;, A,, passing through synapses vides and passes out through the syn-
8,, 83, enter the same neuron B and apses S, and S, into two separate neu-
proceed onward as a single complex ron paths By and B,.
nerve impulse.
complicated movement, involving several muscles, distribu-
tion of the motor impulse takes place. When you grasp a
stick, all your fingers work at the same time. If you watch
the movement carefully, you will see that the several joints
of each finger bend at once; there may be a wrist movement
also. This complicated movement is brought about by the
distribution of the nerve impulse from a motor center into a
number of motor neurons leading to different muscles.
Distribution may also occur in the sensory nerves. When
you are startled by a sudden noise, the nerve impulse is dis-
tributed; part goes directly into the motor nerves and causes
the reflex movement of jumping or ‘ starting ’; the rest of the
impulse passes up to the higher auditory center and enables
you to hear the noise.
Importance of these Properties. — The six characteristics
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just described are properties of neurons and nerve substance.
They indicate just what different operations the nervous
system can perform. The stimuli and receptors furnish
certain material for the use of the nervous system: light
waves strike the eye; sound waves affect the ear; pressure
stimulates the touch corpuscles, and so on. How does the
nervous system use this material? 1t is able to make use of
the stimuli in the following ways: (1) The neurons are excited
in various ways, according to the quality, intensity, and
duration of the stimulus. (2) The impulse caused by the
stimulus is conducted aiong the peripheral sensory neuron to
the next neuron, and so on through the entire nervous arc
to the effector. (8) The effect of an impulse is retained for
future use, through the trace or set which it leaves in the
nerve substance. The route of an impulse in the nervous
arc is in part determined by the traces left by former im-
pulses. (4) Synapses become fatigued through constant use,
which makes possible a shunting of the impulse into other
paths, giving variety to our experience and actions. (5)
Impulses from several neurons are collected or gathered to-
gether into a single neuron, producing complex nerve im-
pulses and unified experiences. (6) An impulse may be dis-
tributed into several different motor neurons, which makes
possible the performance of codrdinated movements.!

These properties belong not only to the individual neurons,
but to the groups of neurons called nerves, and in fact to the
nervous system as a whole. If you examine your own every-
day experiences, you will find that they all depend partly
upon the stimulation of your eyes, ears, skin, and other
receptors, partly upon the properties of the nervous system
just described. Memory, perception, in fact every event of
mental life, can be described in terms of these fundamental
properties.?

! Another property, less important, is modification. When several ime

pulses combine they may undergo changes of quality.
8 This will be brought out more fully in ch. vi.
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Response. — A response is the effect produced by nerve
impulses upon the muscles and glands, together with the
bodily movements and changes brought about by muscular
and glandular activity.

Winking is an example of a simple response; it involves
only the muscle of the eye-lid. Grasping with the hand is
more complex; it is brought about by nerve impulses from the
centers to the muscles of all the joints of the fingers and thumb.
Most of our common acts are very complex responses. Take
the act of reading aloud. The stimuli are the printed words
on the page. A very intricate series of nerve impulses is set
up when you look at the letters, and the final result is a suc-
cession of vocal utterances due to contraction of the muscles
of your throat, lips, cheeks, and thorax. Many human re-
sponses are even more complicated than this. When a man
goes out from his home town to set up in business or engage
in a profession elsewhere, his ‘ going’ is a response to a
tremendous number of stimuli that have acted on him, often
for a number of years.

Our actions are called responses because they are our
answers to situations in which we are placed, and which are
made known to us by stimuli from the environment affecting
our receptor organs. All movements which are produced
through the activity of our ncrvous system are due directly
or indirectly to stimuli. No nerve impulse is started inside
the nervous system; every nerve impulse originates in some
stimulus which works upon our receptors and sensory nerves.
Even our voluntary actions are responses to situations in the
outer world; these situations are reported to the brain by
sensory nerves, and arouse perceptions and thought, leading
finally to volition.

The term response as used in psychology applies only to
movements or changes brought about by the action of the
individual’s own nervous system. If we stumble over a wire
and fall, the falling movement is not a response; but the wild
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gestures we make in trying to save ourselves are responsive in
character. When a convict is taken to prison, his going there
is not a response, psychologically speaking, though each of the
steps he takes may be a separate response. Going to prison
may be a social response, and falling down is certainly a
physical response, but neither of these is a psychological re-
sponse. Psychology is concerned only with actions which
are brought to pass through the workings of the nervous
system.

Responses are of two sorts — muscular and glandular.
Muscular responses are due to contraction of the muscles.
[Fig. 19.] When a motor nerve impulse reaches the muscle
it causes a chemical change in the muscle fibers, which

A
J —
— T ————
B —
————— e —
V
\/
Fre. 18. — MuscLE WITH NERVE Fic. 20. — D1aGraM oF MrUscU-
EnpinGs LAR CONTRACTION
The long horizontal strips are strands of A. Strands of an uncontracted muscle.
muscle fibers, The dark vertical lines are B. Same muscle when contracted. The
motor nerve fibers which terminate in the strands are shorter, the muscle is thicker
seversl strands, Nerve impulses cause the in the middle.
strands to contract — they become shorter.
{After Dunlap.)

shortens them lengthwise; the ends are brought nearer to-
gether. The muscle is thickened in the middle at the same
time. [Fig.20.] One end of the muscle is often fastened
to a bone which plays in a socket, so that when the muscle
contracts the bone turns like a hinge.
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Muscles usually go in pairs. The flexor muscle bends the
arm at the elbow, the extensor straightens it. Such a pair are
called antagonistic muscles. The name is somewhat mislead-
ing, for the two antagonists usually work together splendidly.
When one contracts the other relaxes, so that the arm or
finger or other member bends at a regular rate and is held
securely in position all the time by the pair.

A muscle may be contracted at various rates of speed.
These differences depend on the intensity of the nerve im-
pulse. A quick bending of the finger is brought about by an
intense motor impulse; a very slow movement occurs if the
impulse is weak but continues to operate for some time.
Differences in quality of the nerve impulse have not the same
importance in motor nerves as in sensory nerves. The muscu-
lar contraction is the same whatever the kind of impulse.

In addition to the motor nerve endings there are receptors
and sensory nerves in the muscles. These report to us how
the contraction is progressing. When you are bending your
finger you know all the time how the finger is moving and
how much it has moved, even without looking. These
muscle sensations enable you to regulate the response. If
you start to lift a box and it is heavier than you thought, the
sensory nerves in your arm muscles report to you the amount
of resistance and the fact that the movement is slow. There-
upon a more intense motor impulse is sent down to the
muscle and the movement is speeded up.

Glandular responses are not so important in mental life as
muscular responses. The glands are more concerned in
growth and in maintaining the body than in responses to the
environment. When the glands take part in our responses it
is generally in a subsidiary way. In extreme emotion we
weep — a response by the tear glands. Anpxiety sometimes
affects the sweat glands. The sight of a luscious peach pro-
duces activity of the salivary gland; the mouth waters. It
has been found also that certain emotions operate on the
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ductless glands inside the body, though these glands are
chiefly concerned with nutrition and growth. Fear brings
about the production of chemical substances (such as adre-
nalin) in the body, which affect our general bodily condition.

The ordinary operations of the glands are not part of the
response; in general, the secretion of saliva, urine, sweat,
tears, etc., are part of our bodily life-processes and are of no
special concern to psychology.

Central Adjustment. — In chapter i, the brain was likened
to a telephone exchange, where wires come in from every di-
rection and are connected up with a vast number of other
wires. It may also be likened to a great switching-yard,
where freight trains come in and are broken up, some cars
going to one destination, some to another. Both of these
analogies are imperfect, for nerve impulses travel along any
given nerve only in one direction: in the sensory nerves the
impulses always proceed inward, toward the cord and brain,
while along the motor nerves they only travel out from the
brain and other centers., Also, many impulses are always
coming in from all directions at once, and many complicated
motor impulses are being sent out, all at the same moment.
But the main point in the two analogies is correct: the brain
is a great receiving, switching, and distributing center —
with many thousand times more connections than exist in any
telephone central or railroad freight-yard.

The brain centers and the lower centers in the cord are the
regions where the nerve impulses from the receptors are
switched over to the motor nerves and sent out to the effect-
ors. In addition the brain centers collect many sensory im-
pulses and disiribute impulses to many motor neurons. Both
of these processes are of the utmost importance.

The collection of nerve impulses in the brain is called
integralion. It is more than a mere addition process; the
separate impulses are put together in such a way that their
relations closely resemble the relations along the stimuli.
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When we look at a landscape the integrated affect of the
visual impulses in the brain is like the landscape outside of
us which stimulates our eyes and optic nerves at the moment.
The resulting picture or perception of the landscape — the
way it appears to us —is like the real landscape in form.
This is due to the integration of separate impulses from a
large number of nerve fibers in the visual center. We see
things for the most part as they actually are. The same is
true of hearing, touch, and other sense impressions. 7

In looking at a landscape you will notice that some objects
are featured — they stand out and attract our attention.
This means that the nerve impulses are not collected uni-
formly. Some are reinforced and others are weakened, so
that the various parts of the visual field are of different
vividness — they receive different emphasis. When you are
reading an interesting story you do not hear the conversation
going on around you. The impulses coming through the ear
reach the brain, but they are almost shut out from the general
assembly of your impressions at the time. Here again some
of the impressions are featured at the expense of others.

Integration is the sysftematic assembling and marshaling of
all the impulses which reach the brain at a given moment.
In the integrating process some elements are focused and
others are scarcely noticed. This selective character of
integration is an important factor in the regulation of re-
sponses. If you are gunning, the great idea is to hit the
partridge — not to shoot up the landscape generally, You
must pick out the bird from all other details of the scene
before you can respond properly. This is accomplished by
the integration of sensory impulses in your brain.

The other important feature of the brain’s work is the
proper distribution of motor impulses. This is called co-
ordination. It is one thing to see your bird, and quite another
thing to wing him. When you raise the gun, the various
muscles of your shoulder, elbow, wrist, and finger joints must
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be contracted just so much and no more. If you continue
the motor impulse to any of these muscles too long or press
the trigger too soon, you miss your shot. In order to per-
form any complex response correctly, the brain must start a
number of impulses along different motor paths at the same
time, and each impulse must be regulated to the proper in-
tensity and must continue just so long. Cobrdination in-
volves all this. It is more than mere distribution — it means
systematic distribution.

One generally thinks of his movements and voluntary
actions as being performed by his muscles. As a matter of
fact the muscles are merely our agents. They are controlled
by our brain centers. Codrdination is a brain process, not a
muscular process. It is a question of sending the right motor
impulses out from the brain to the right muscles at the right
time.

The two processes of integration and coirdination work
together. All our responses to stimuli, except in the very
simplest cases, involve them both. Most of our actions
depend on a great number of changing stimuli and are ac-
complished by a series of complicated movements. We must
learn to fit the response to the situation. This means inte-
gration of all the stimuli and cotrdination of all our motor
activities. The systematic combination of integration and
cotrdination is called adjustment. We are continually ad-
justing our actions to constantly changing situations.

The hunter shooting at the bird is a case of adjustment.
Until he sees the bird there is no impulse to pull the trigger.
For a time he sees all sorts of other objects in the landscape.
Suddenly he spies the bird; the perception is due to an in-
tegration of many stimuli from the retina of the hunter’s eye.
At once the nervous activity in the hunter’s brain passes over
to motor centers and out through various motor nerves to his
arm and fingers, so that he lifts the gun and pulls the trigger.
The adjustment process here includes the iniegrated percep-
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tion and the codrdinated motor impulse, both of which take
place in the brain. Adjustment is the most important feature
of mental life.

It is important to keep this in mind in reading the following
chapters; we shall take up a great many special topics: sensa-
tions (the elementary impressions derived from stimuli),
experiences of various sorts, and different kinds of behavior.
These separate facts are simply fragments of our mental life.
Mental life as a whole is a continuous succession of stimula~
tions leading to responses. The significant part of the proc-
ess is the central adjustment of the response to the stimulus.
Mental life is not the fact that we see, or that we act, but the
fact that our actions are adjusted to what we see; the adjust-
ment takes place in the brain.

Summary. — The nervous system serves as a network of
pathways over which nerve impulses pass from the receptor
organs through the centers to the muscles and glands. The
nerve activity starts with stimulation of a receptor. This
produces an impulse in the sensory neurons which travels
along the sensory paths to sensory centers in the cord and
brain. In the sensory centers impulses are infegrated and pass
over to motor centers, where coordinated motor impulses are
set up in the motor nerves. The motor impulse travels along
motor paths to the appropriate muscles or glands, and dis-
charges its energy into them; the activity of these effectors
constitutes a response.

The nerve impulse varies in intensity and quality, these
two characteristics being determined in the first place by the
nature of the stimuli and receptors. There are also certain
properties of the nerve substance which determine what the
impulse shall be, over and above the stamp which it receives
from the stimulus. These properties are ezcitation, conduc-
tton, retention, fatigue, collection, and distribution.

The activity of the nervous system proceeds through a
circuit or arc from receptor to effector. Each arc is composed
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of three sections: sensory, central, and motor. Corresponding
to these there are three phases of activity: stimulation, ad-
justment, and response. The adjustment process is the most
important of all. It includes integration of sensory impulses,
and codrdination of motor impulses. Integration and co-
ordination work together and tend to make our responses
appropriate to the total situation at any given time. Ad-
justment is the most significant fact of mental life.

Pracmicau EXERCIsES:
11. Describe one of your earliest definite recollections of childhood. How

old were you when it occurred? Can you tell why the recollection has
persisted?

12. Try to memorize a definition when sleepy. Compare this with memo-
rizing when you are fresh and wide awake.

18. Practice keeping a ball tossing in the air with a tennis racquet. Notice
the adjustments of your own movements to the different angles of the
falling ball, and describe the experience.

14. Study several cases in which you can readily perform two independent
actions at once, and other cases where one action interferes with
another. Compare them and determine if possible why they cotperate
or interfere.

15. Observe a child trying to use knife and fork or fold a napkin. Describe
any lack of cobrdination that you notice.

[Exercise 11 is ou retention, 12 is on fatigue, 13 on adjustment, 14
and 15 on cobrdination.]

RzrERENCES:
On the nerve impulse: K. Lucas, Conduction of the Nervous Impulse.

On the operation of the nervous arc: C. S. Sherrington, Integrative Action
of the Nervous System.



CHAPTER IV
THE SENSES: SIGHT

The Receptors and Sensation. — We have seen that mental
life depends upon nerve impulses which are started by activity
in the receptor organs. All our experiences and actions may
be traced to some stimulation of these organs by objects or
forces outside our body or by conditions within the body.
Before taking up the study of perceptions, memories, thoughts,
and other sorts of experience, we must examine the simple
elements of which every experience is composed, and which
are aroused by the activity of the receptors and sensory
nerves. These mental atoms which combine into experiences
are called sensations.

The receptors are commonly known as sense organs or
senses. Formerly man was supposed to have only five
senses — that is, five distinct sense organs, each giving a
different sort of sensation. Popular psychology and poetry
still recognize only the senses of sight, hearing, taste, smell,
and touch. Scientific investigation has shown that there are
several more. At present we can distinguish eleven senses,
with the possibility that some of these may be subdivided
still further. [Table 1.

The senses fall into three groups: (1) the external senses,
which are stimulated by objects outside the body; (2) the
internal or systemic senses, which are stimulated by condi-
tions within the body; and (3) the mofor senses, which are
stimulated by our movements and bodily position, and de-
pend on both the outer world and our own body. The
external senses fall into two subgroups: (a) distant senses,
which are affected by stimuli usually originating in objects
gituated some distance away from our body, and (b) con-
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tiguous senses, which are stimulated only by objects in im-
mediate contact with the body.

TABLE I. — CLABSIFICATION OF THE SENSES

Class Sense Receptor Kinds of Sensation
1. External Sight Eye Colors and grays
(a) Distant Hearing Ear Tones and noises
Smell In nostrils Odors
Taste In tongue Tastes
. Touch In skin Contact and pressure
(b) Contiguous | warmth  In skin Warmth
Cold In skin Cold
. Organic In internal organs Hunger, fatigue, sex, ete.
2. Systemic { Pain Free nerve endings Pain
Kinesthetic In muscles Effort, strain, etc.
8. Motor (muscle sense)
Static Semicircular Position, rotation, etc.
canals, sacs

Sight is a distant sense. The things that we see are often
far away. In reading, we hold the book several inches from
the eye. The sounds that we hear and the odors that we
smell are from sources some distance off. In every case the
stimulus must reach the receptor before it can start a nerve
impulse and cause a sensation. But in the case of the distant
senses the stimulus is a wave or emanation from some object
which does not itself come into contact with our body at all.
By means of these senses we gain information about things
that lie at a considerable distance from the body. This is
extremely important, for it widens our field of experience
tremendously : our environment is extended as far as we can
see, and hear, and smell. One who is both blind and deaf
has a very limited environment compared with the normal
human being.

1. Sigar (VisioN)

The Eye. — The receptor for sight is the eyeball, together
with the muscles attached to it, which enable it to move.
The eye is a nearly spherical body. [Fig. 21.] Its outer
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coating is a tough substance called the sclerotic, which covers
all the sphere except the extreme front surface. The sclerotic

7 | i
(i
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Fic. 21. — Cross-SectioN oF EYx

Horizontal section through right eye, viewed from above. In jeft eye the
optic perve pieroes the retina at the right of the foves.

is almost impervious to light. The front surface of the eye-
ball is covered by a transparent coat called the cornea. Light
passes readily through the cornea, just as it does through a
window-pane.

Looking at the eye from the front, we observe back of the
cornea a transparent oval body called the lens. The lens is
convex on both surfaces, like a camera lens, and focuses the
light waves on the rear inner surface of the eyeball. The
lens is held in place by a ring-shaped muscle at its edge, which
serves also to change its shape. When this accommodation
muscle contracts, it squeezes the lens so that it bulges out;
this changes the focus. The space between the lens and
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cornea is filled with a transparent liquid called the aqueous
humor, which permits the bulging of the lens.

The ris is a flat muscle situated just in front of the lens.
It resembles a disk or circular curtain with a large hole in the
middle. The iris is opaque, and serves to regulate the light
entering the eye, like the diaphragm of a camera. No light
can reach the lens except through the central hole of the iris.
This hole is called the pupil. Bright light causes the iris to
contract, so that the opening becomes smaller, and less light
is admitted. When we go into a dark room the iris relaxes
and the opening becomes very large; more light is admitted
into the eye and we see more clearly.!

Behind the lens, filling most of the interior of the eye, is a
tough, transparent, jelly-like substance called the witreous
body, which prevents the lens from slipping backward.

Back of the vitreous, forming the inner surface of the eye-
ball, is the retina.? [Fig. 22.] The retina is a thin woven
coat composed of a network of cells and tissues of various
sorts. It consists of ten layers, the most important of which
is the layer of rods and cones (marked 9 in the figure).

The rods and cones are the real receptors for visual stimuli.
They are exceedingly small — from 0.002 to 0.006 mm. in di-
ameter.? Each rod and each cone is connected with a neu-
ron of the optic nerve. The cones are shorter and thicker
than the rods; the two can be easily distinguished in the figure.
If we take a tennis ball, cut away about a third of it, and look
inside the remainder, what we see corresponds to the area in
the eye covered by rods and cones. They are crowded to-
gether all over the inner lining except in front.

Looking at the surface of the retina, four regions should be

1 A cat’s eye is extremely sensitive to light. Notice that the pupil con-
tracts to a thin line in bright daylight; in the dark it becomes very large.
This is why a cat can see quite well when there is very little light.

* Bétween the (outer) sclerotic coat and (inner) retina is a third coat called

the choroid.
3 A millimeter is about one twenty-fifth of an inch.
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noticed: the center, the blind spot, the infermediate field, and
the periphery.

(1) CenTER OF RETINA: The center of the retina lies at the
‘ opposite pole’ of the eyeball from the center of the pupil.

Interior of eyeball; vitreous
B— '
7
' ° e) . 3
Nedy,

ANy
j 4

Eaterior of eyeball; choroid coat
Fra. 22. — LATERS oF THE RETINA

Section through the reting, showing its ten layers from the vitreous to the choroid coat just
inside the sclerotic: (1) inner limiting membrane, next to vitreous; (2) layer of nerve fibers; (3)
layer of nerve cells; (4) inner molecular layer; (8) inner nuclear layer; (6) outer molecular layer;
(7) outer nuclear layer; (8) outer limiting membrane; (9) layer of rods (long. narrow) and cones
(short, thick); (10) pigment cell layer, attached to choroid. There are many thousands of rods
and cones, covering the entire back inner surface of the eye; the diagram abows anly a few.
{Based on Piersol.]
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A line joining the center of the pupil with the center of the
retina passes through the center of the lens and through the
center of the eyeball. The region about the center of the
retina has a yellowish tinge and is called the macula lutea
(yellow spot). It contains only cones — no rods. Near the
center of the macula there is a depression in the retina called
the fovea centralis. Here the cones are crowded together
more closely than elsewhere. The result of this crowding
is that we can discriminate fine lines and points most sharply
at the fovea. It is the region of clearest vision. When we
wish to examine any object closely we turn the eye so that
the picture of this object falls on the fovea.

(2) BLinp Sror: The optic nerve does not distribute its
fibers on the outer surface of the eyeball in man and other
vertebrates. The whole nerve passes in bodily, through the
outer coating at the back of the eye, and distributes its fibers
over the inner surface. In the place where the nerve breaks
through the eyeball there are no rods or cones. This region
is called the blind spot,; it is somewhat circular but irregular in
shape, and differs in different individuals. [Fig. 23] You
cannot see an ob-
ject whose picture
falls on this part
of your eye. The
blind spot lies some
distance to the na-
sal side of the cen

Fic. 23. — Map ov BLnp Spot ter in each eye, and

Blind spot of the sutbor's right eye. Drawn from two Sightly below the
pearly identical records made a year apart. F = fiation- Jevel of the center.

Pt If you look stead-
ily at a small mark on a white surface with the right eye, the
left being closed, a figure somewhat to the right of the fixa-
tion point will not be seen at all. [Fig. 24.] The blind
spots of the right and left eyes are in different parts of the
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retina, so that with both eyes open we do not notice any
break in the field.

O " o
Fic. 24. — How to Finp TaE BLund Spor
Close the left eye. Hold the book about 5 inches off and Jook at the star fixedly with right
eye. Move the bock slowly to and from the eye till the right-band spot disappears. Repeat
with right eye closed and the left-hand spot will vanish,

(3) INTERMEDIATE FIELD: The region of the retina around
the macula (except the blind spot) contains both rods and
cones. The rods are more numerous than the cones and
surround them.

(4) PeripHERY: The outer rim of the retina, toward the
front of the eyeball, is called the periphery. It contains no
cones, only rods. In this region we see things rather indis-
tinctly and cannot distinguish colors; all objects appear
grayish, as in a photograph. This effect may be observed by
closing one eye and bringing a small bit of colored paper
slowly into the field of the other eye from behind your back,
taking care to keep the eye fixed steadily straight ahead.

Eye Muscles.— Sight is assisted greatly by muscular ad-
justments. The iris and accommodation muscles inside the
eyeball have already been described. The iris regulates the
amount of light admitted to the eye, and the accommodation
muscle focuses the picture clearly on the retina. There are
also six muscles attached to the outer surface of the eyeball,
which serve to move it about in the socket and keep it in
position. [Fig. 25.] These are arranged in three pairs.
One pair produce movements from side to side, horizontally;
they are called the internal rectus and external rectus muscles.
(The internal is on the nasal side.) A second pair cause the
eyes to turn up and down; they are called the superior rectus
and inferior rectus muscles. The third pair pass obliquely
across the eyeball, one above and the other beneath it; they
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are called the superior oblique and inferior oblique muscles.
The oblique muscles assist in up and down movements; they

wasguc O :
§ AR Nae CiiAn TAIOEN

Fic. 25. — EveBaLL anp Evye MuscLEs

Right eye viewed from right side. The external rectus muscle is in central foreground, the
internal rectus slightly below and behind it. The four other muscles are shown above and be-
neath the eyeball. Upper edge of optic nerve is seen just above external rectus. [From Smith

and Elder.}

also hold the eyeball in place during its movements and pre-
vent it from twisting circularly like the hands of a clock.
How the Eye Acts. — From every point of a lighted surface
the rays of light spread out in all directions: but only those
that strike the open pupil can pass into the eye and stimulate
the retina. Take for example the point 4, in front of the eye
and above the center. [Fig. 26.] A bunch of rays from 4
pass through the cornea and aqueous, then through the pupil
into the lens. On account of the curved shape of the lens,
the rays are bent together before they pass into the vitreous,
so that they come together at a point (or focus) on the retina
at A’.1 The rays from a point B, below A, focus on the

11f the lens is too rounded (near-sightedness) or too flat (far-sightedness)
the rays do not focus on the retina, and the point is blurred. Eye-glasses are
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retina at B, above 4’. Points to the right of A4 focus to the

left of 4’, etc. In other words, the picture of any object is

completely inverted on the retina, like the image in a camera.
By means of the focusing pro-

cess each point of the object be- ; A e
fore us stimulates a single rod or . ¢ R e
T

cone on the retina. The stimu-
lation is some sort of chemical py; 26, — Focusing OBsEcTs
action. Each nerve fiber termi- o~ THE RETINA
nating in the retina is excited in-  Rays from A (dotted lines) spread in
e all directions, but are bent in by the lens
dividually by a rod or cone, and and meet at A" on retina. Bays from B
the resulting impulses are con- }ﬁ’;;“;gi,{‘;“;:t’;';{,";“:f,‘j :}tffﬂ;. ;l::::
veyed to the visual center in the AR clear but inverted
brain. [Fig.27.] The separate
fibers come together and form the optic nerve, which passes
out of the eyeball through the blind spot. The optic nerves
from the right and left eyes come together at the optic chiasm,
where the nerve fibers from the nasal half of each eye cross
over, while those from the outer half continue along on the
same side. Consequently the center for the right half of
each retina is in the right side of the brain, and that for the
left in the left side.

In order to see an object clearly, the picture on the retina
must be focused accurately. This focusing is not done (as in
a camera) by moving the sensitive plate back and forth, but
by changing the curve of the lens. When we look at objects
near by, the accommodation muscle squeezes the rim of the
lens and makes it more rounded; when we look at things
farther off the muscle relaxes and the lens becomes flatter.!
The change takes place automatically.
used to correct these two faults — concave lenses for near-sight, convex for
far-sight.

1In astigmatism the accommodation muscles contrict irregularly, so that
the lens does not focus for both axes at once. This is corrected by eye-

glasses which are more curved in the horizontal direction than in the vertical,
or vice versa.
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Fic. 27. — Counsk or THE OPTIC NERVE

The optic nerves (ON) from the two eyeballa (E) run back into the head and meet at the op-
tie cbiasm (OC). Fibers from the nasal half of each retina cross (broken lines CF); those from
the outer half (unbroken lines UF) curve out again and proceed on same side of head through
the optic tract (OT) to visual centers in the brain. The lower visual center is in parts of the
thalamus called the pulvinar (P) and external geniculate body (EG). Center for touch sen-
sations from eyeball is in the upper quadrigeminal body (UQ). From the thalamus, projec-
tion fibers proceed to the higher visual center in the occipital lobe of the cortex (C).

N3, N4, N5, = nuclei of 111, IV, V cranial nerves, for eye movement; GC = commissure of
Gudden, connecting the lower visual centers on the two sides of the brain. [Modified after

Lickley.]
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The iris muscle also works automatically. Bright light
causes the iris to contract, so that the pupil becomes smaller.
The dazzling effect of a sudden glare of light is due to the
fact that the iris has not had time to contract sufficiently.

The muscles for eye movement work both automatically
and voluntarily. An inherited system of nerve connections
controls their operation; when the rays from a bright or
noticeable object fall on any part of the retina except the
center, the appropriate eye muscles are contracted so as to
turn the center of the pupil directly toward this object.
This is called tnvoluntary firation. We also turn the eyes
voluntarily, by contracting one of the four rectus muscles,
or by contracting one of the horizontal pair and one of the
vertical pair at the same time.! Eye movement, whether
voluntary or involuntary, helps us to see more clearly, since
the center of the retina is the region of sharpest discrimina-
tion. We see an object best when we fixate it on the fovea;
if the object is in motion, we follow its course with the eye,
keeping it on the fovea.

Stimuli for Sight. — The light rays which stimulate the eye
are not material particles, but waves in the ether. They are
exceedingly minute and travel very rapidly. The largest
visible light waves are only 760 millionths of a millimeter
(up) ? in length; the smallest waves that affect the eye are
about 890 uu. Al light waves, whatever their length, travel
through the atmosphere at the same speed — about 300,000
kilometers or 200,000 miles per second. This means that a
greater number of short waves reach any given point every
second. In other words, short waves have a relatively large
number of vibrations, long waves a relatively small number
of vibrations per second. [Fig. 28.]

When sunlight, which contains waves of all lengths, is

! There is always some adjustment of all the other muscles when the eye
moves.
? Pronounced mew-mew.
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passed through a prism its direction is changed. This bend-
ing is called refraction. The short waves, because they are
short, are deflected from their course more than the long, so
that the different waves spread out like a fan. [Fig. 29.] If

A—> B

W Fia. 20. — REFRACTION OF

Ligar

Fia. 28. — Lo~a AND SHORT i .
LicrT WavVES A rav of sunlight, containing waves
of all lengths, coming from $ passes
The upper wave is fuwice as long as the through the prism and is refracted.
Jower. Since they travel at the same The shortest waves (violet end of color
speed from A to B, only half as many of series, V) are bent most, longest waves
the long waves will reach B in a given (red end, R) least. They spread out on
period of time, The longer the wave a reflecting surface and form a spec-

length, the fewer waves per second. trum of colors.

refracted light is thrown on a white surface each wave length
gives a different color; the entire series of colors obtained by
refraction is called the spectrum.! Each distinguishable color
is caused by a certain definite wave-length of light, — or by a
certain uniform number of light waves striking the eye every
second; we can express it either way.

In addition to their differences in wave-length, light waves
vary in inlensily. Bright light 1s caused by more violent
vibrations — the waves swing farther from side to side as
they move along. Intense (or bright) light acts more power-
fully upon the rods and cones of the retina and produces a
sensation of greater intensity when the resulting nerve im-
pulse reaches the visual center.

Qualities of Visual Sensations. — In studying each of the
senses one of the first questions is, What are the different
sorts of impressions that it gives us? So in examining the
sense of sight we have to determine the various qualities of
visual sensations. First of all, we find two distinct groups of
sensations, colors and grays.

! The spectrum is seen in the rainbow.
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Pure color sensations, or hues, are produced by stimuli
which consist of uniform light waves. If the waves that
strike the retina are about 400 yu in length we see violet; if
they are 650 or more we see red. The series of colors lies
between the limits 390 and 760 pupu.

Gray sensations are produced by stimuli of mixed light
waves in which no single wave predominates. The pure gray
sensations form a series of their own, the extremes of which
are called white and black.

In addition to these two pure groups there is a third class
of impure sensations, which combine in various ways the
color effect with the gray effect. They are produced by a
mixture of color stimuli with gray stimuli. Most of our
visual sensations are of this sort.

The relations of visual sensations to one another may be
studied by means of colored disks which are fitted together
and placed on a color mixer. [Fig. 30.] When we spin the

Fic. 80. — CoLor Mixer

The colored disks (A) are slit from circumference to center so they can be
fitted together, with a segment of each disk showing. The disks are fitted
around a projection to the axis of B aud screwed fast. The mixer is rotated by
turning & handle C. B_y the series of belts connecting the thm wheels with B
the speed of rotation is greatly increased.

interlocked disks around very rapidly, the colors (or grays)
blend together and give an intermediate sensation. If we
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start with a pure red disk and little by little add a segment
of yellow, we can determine just how much yellow must be
added to red in order to produce a noticeable change in sen-
sation. And so for the changes from yellow to green, etc.
In the same way we can observe the just noticeable changes
in a gray series by mixing a white disk with a segment of
black or vice versa. The impure sensations are obtained by
combining each of the pure color disks with a black or a
white or a gray disk on the mixer.

When we have made all possible combinations of colors and
grays on the color mixer we shall have found all the different
qualities of visual sensations. The relations of these sensa-
tions to one another may be shown by a diagram which takes
the form of a spindle.! {[Fig. 31 A. The central cross-sec-
tion, with the belt of pure colors, is enlarged in Fig. 81 B.]
Bear in mind that the spindle-shaped figure represents only
the relations of the colors and grays as seen by the eye — not
the relations of the physical light waves which stimulate the
retina. The various visual sensations are represented on the
spindle as follows:

(1) Hue or CorLor ToNE: The relations of the pure colors
are represented in the form of an irregular belt, shown in
Fig. 31 B. The sectors in this diagram mark off the more
prominent hues — red, orange, yellow, olive, green, peacock
(or blue-green), blue, and violet. Each of these names really
applies to a number of distinguishable hues; for instance, even
in the pure colors seen in the spectrum we can distinguish
several sorts of red, which look more and more like orange;
then several sorts of orange which look more and more like
yellow, and so on to the extreme violet.

There are also a number of hues which are not produced by
sxngle light waves, but are due to mixing red and violet light
in various proportions. These hues make up the purple sector
of the belt. They are just as real hues and just as simple

1 1t is also called a color cone or color pyramid.
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sensations as any others, though they are
not due to simple waves. This explains
why we represent the hues by a continu-
ous belt instead of by a line. If we start
with red and keep changing the hue we
pass through all the spectral colors to vio-
let, and then through purple to the red we
started with. All told there are about 160
distinguishable pure colors, including the
purple hues.

(2) SuabpeE or BricaTness: The pure
gray sensations are represented by the cen-
tral axis in Fig. 31 A. One end of the

Fr1G. 31. — Coror SrixpLe axp CoLor BELT

A, Color spindle; showing schematically the various dis-
tinguishahle visusl sensations, arranged according to shade
{vertical direction), tint (radit from central axis), and hue
(angles about axis). ‘The gray series is represented by the
central vertical axis. The purest hues (most saturated
color tones) lie on the circumference of the color beit. The
relative proportion of shades, tints, and hues is indicated
by the relative number of units assigned to each. (Notice
the great preponderance of shade-units over others.)

B. Color belt, enlarged; showing relative number of dis~
tinguishable bues of each spectral color and of purple; rela-
tive saturation of the various pure hues is indicated by dis-
tances of the belt from central gray axis. Colors repre-
sented by the sectors: Red, Orange, Yellow, Olive, Green,
Peacock (= blue-green), Blue, Violet, Purple.



7R SIGHT [cH. tv

axis represents the whitest white, the other end represents
the blackest black. There are about 700 distinguishable gray
shades' between these two extremes.

A color may be made brighter or darker by mixing it with
white or black. If we take a red disk, for instance, and inter-
lock it with a white disk, the mixture is bright red. If we put
a red disk and a black disk together, the mixture is a dark red.
These are different color-shades. The color-shades are repre-
sented on the spindle by vertical lines parallel to the gray
axis.

Figure 32 A shows how a series of red color-shades may be
obtained on a single disk. Such a series may be found for each
distinguishable color hue. A color-shade may be compared
with a gray-shade by interlocking a disk of each and rotating
them slowly on the color mixer. If one is brighter than the

F1c. 32. — SERIES OF COLOR-SHADES AND TINTS

A. Color-shade series, — The mottled surface represents red. I disk A be rotated on &
color-mixer, we get a series grading {from bright red at the circumference to dark red at the cen-
ter; same amount of color (saturation) everywhere,

B. Tint or saturstion series. — Mottled surface represents red. 1f disk B he rotated, we get
» series of tints grading from pure, saturated red at the circumference to paie, uneaturated red
ending in colorless gray at the center; same amount of brightness (shade) everywhere.
other they will flicker; if they are of the same shade there is
no flicker at all.

(8) Tint or SAaTURATION: There is still a third way of
varying the quality of visual sensations, namely, by mixing

1 Artists use the term value instead of shade or brightness,
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together a pure color and a gray in various proportions. If
the color and the gray are of the same brightness, these
mixtures will all be of the same shade; yet they will be quite
different. If the mottled portion of the disk in Fig. 32 B is
reproduced in red, when the disk is rotated on a color mixer
we observe a pure red at the circumference; passing toward
the center we observe a graded series in which the color be-
comes less and less pronounced; the center is a pure, colorless
gray. This change, which is neither a change of hue nor a
change of shade, is called saturation, or chroma, or tint. A
pure color is said to be ‘completely saturated’; its saturation
decreases as more and more gray is added to the mixture.
Gray is ‘completely unsaturated.” The partly saturated
colors observed by rotating Fig. 32 B form a series of tinfs.!

The differences of tint are represented in our spindle dia-
gram by radii from the axis toward the circumference. The
farther from the axis, the greater the saturation. It will be
noticed that some of the radii are shorter than others. This
means that some pure colors in the spectrum are found to be
less saturated than others. Yellow, for instance, is decidedly
less saturated than violet; there are more steps of difference
in passing from violet to gray of the same shade, than in
passing from yellow to gray. When any two hues are mixed
the resulting color is less saturated than either of them taken
separately. Consequently the purple hues, which are ob-
tained only from mixtures, are represented on the belt by a
straight line. All purples are relatively unsaturated; they
have fewer tints than the spectral colors.

Every visual sensation has a certain assignable position on
the spindle figure. Every color has a certain hue, shade, and
tint. Gray has only shade; we might say that its saturation
is zero. Our diagram also brings out the fact that very bright

1 A vivid tint means that the color is very pure or saturated. A pale tint
means that the object is mainly gray, with very little color; it may be either
dark or bright — that is a question of shade.
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and very dark colors are quite unsaturated; near the white
and black poles there are relatively few steps between pure
color and gray. It is estimated that, all told, about 30,000

[cH. 1V

Fre. 83. — PERIMETER

Observer’s chin is placed on a rounded
chin-rest at A, which is so adjusted that
one eye is directly over semicircular top
of rod B, the other eye being closed. A
small hole through the axisat C serves
as fixation point. Color stimulus is
moved on & carriage along the semicir-
cular arm, D, of perimeter toward or
away from center. On the back of the
arm is a scale of degrees, The arm D
rotates, so that all parts of the visual
field can be explored. On outer side of
plate E (which rotates with D) is fas-
tened a chart, ruled radially and circu-
larly to represent degrecs of ‘latitude’
and ‘longitude’ from center of vision,
Experimenter records the readings on
the chart, which is hidden from observer
by E. [From Judd, after Meyrowitz.|

just mentioned.

visual qualities can be distin-
guished by the normal human
eye.
Primary Colors. — Artists and
physicists, as well as psycholo-
gists, are interested in the ques-
tion of what colors are primary.
Newton’s list of seven colors is
familiar to every one; but it has
no special significance. Newton
was misled by the analogy of the
musical scale and thought there
must be seven tones in the color
scale also. It has long been
known that by taking three hues
—red, green, and blue — and
combining them together on a
color mixer in various ways any
hue can be obtained. This has
led to the idea, which still pre-
vails popularly, that these three
hues are primary or fundamental
colors. In a way this is true.
But on the other hand psycholo-
gists find that yellow is quite as
distinctive a color as the three

It is also a fact that orange, violet, and

indeed every separate hue in the spectrum, is a simple color
— the result of a simple stimulus. Are there three primary
colors, or four, or a hundred?

A curious fact suggests the answer to this question. If the
eye be fixed on a point straight ahead, and a small bit of



CH. IV] PRIMARY COLORS 75

colored paper be moved slowly from the fixation-point out
toward the periphery, it is found that most colors change
noticeably in hue as they get farther from the center. A red
becomes yellowish, and so on. Bul there are four definite
hues which do not alter in this respect.! These four ‘ invari-
able ’ hues are called primal colors, and may be regarded as¢
the most primitive and representative hues of all; they are a
certain definite blue, green, yellow, and red. Curiously
enough, primal red is not a spectral hue. It is slightly
purplish. The primal colors and the changes which occur in
other hues near the periphery may be observed by means of
the perimeter. ([Fig.33.] Table Il shows the wave-lengths
of the primal colors and the wave-lengths of the groups of
hues to which popular names are given.

TasLE II.— SpecTrAL LiNnes AND CoLor RANGE

Spectral Line Wave-Length ~ No. of Vibrations Color Range
: Mt Trillion per second Hue P

A 7661 891 .41

Primal Red —_— —_—
B 687.0 417 .06
C 65628 45691 Red 760-647
D, 589.0 509.01 Orange 647-588

Primal Yellow 577 521 Yellow 588-550
E 526 .96 569 03

Primal Green 501 509 Green 550402
F 486.14 616.82

Primal Blue 477 629 Blue 492455
G, 432 .58 693 .19 .
H 306 84 755 62 Violet  455-360

Visible Range: 760-390 mx, 399 . 55-768. 87 trillion.

Limits of Color Change: 655-430 uu.

(Wave-lengths from Houstoun, Treatise on Light, p. 473. Primal colors
from Titchener, Exper. Psychol., Vol. I, Part I, p. 4.)

Purkinje Phenomenon and Adaptation. — Most of our
color sensations are due to the reflection of light from painted
surfaces. The paint pigments absorb all tays except one

! At the periphery they become gray, as do all colors; but the hue does not
vary — it only fades out.
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wave-length; the reflected light is of the hue corresponding
to the non-absorbed wave-length.

The brightness of pigment colors varies with the intensity
of the general illumination. In a darkened room all colors
appear darker; but the brightness of different colors changes
at different rates. When the general illumination is very
bright, yellow and red become relatively brighter than other
colors. If the room be made very dark they appear darker
than blue or green. This is especially noticeable if we com-
pare red with biue. A red book-cover which appears much
brighter than a blue cover in a well-lighted room, will appear
darker when the light is turned very low. This peculiar
variation in the relative brightness of colors is called the
Purkinje phenomenon, from the man who first reported it.

The Purkinje phenomenon is part of the process of adapta-
tion to intense and feeble illumination which takes place in
the retina itself, due to changes in the condition of the rods
and cones. When we go suddenly from darkness to bright
daylight the eyes are dazzled. After a time the eyes become
adapted to brightness. In the same way the eyes adapt
themselves to a darkened room. The process of adaptation
is greatly assisted by the iris reflex.

There is also adaptation when the general field of vision is
tinged with some color. If we put on green glasses the whole
landscape at first appears green. Afler a time this tinge dis-
appears, and our outlook is apparently normal, except that
red objects appear gray.

Complementaries, After-sensations, and Contrast. — If a
disk of yellow cardboard and a disk of blue be fitted together
so as to give a surface half yellow and half blue, and this be
rotated rapidly on a color mixer, the two will tend to neu-
tralize each other. If we select a certain hue of each and mix
them in various proportions, at some point we get a mixture
in which no color effect whatever is observed: the disk appears
as a plain gray surface. For a given yellow, a certain blue
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can be found which yields this effect. This yellow and this
blue are called complementaries or complements.! For every
color hue in the series, including the purples, one and only
one complementary hue exists.

If we look steadily for about a minute at a very bright
colored object (a red blotter, for instance) and then turn the
eye quickly to a white wall, we see on the wall a patch of the
complementary color (bluish green, in this case). This after-
effect is called a negative after-sensation.? It is due to fatigue
of the portion of the retina stimulated by the bright color.
White gives rise to a black after-sensation, and conversely.
For this reason white and black are regarded as complements.

After practice one can get an after-sensation more readily
and hold it longer. Jf yvou reach this stage you will observe
another effect also; after the eye is turned toward the white
wall there appears first of all a sensation of the same color as
the object you were looking at. This is a positire after-sensa-
tion. It lasts only a very short time and then changes into
the negative. The positive after-sensation is due to inertia
of the retina.

Often a strong negative after-sensation after persisting
some time changes into a second positive, and this again into
a second negative. These effects are obtained only after
great practice and under very favorable conditions; all except
the first positive are due to fatigue and recuperation of the
retina.

Complementary ffects may be brought about under cer-
tain conditions without moving the eye. If we placeona
color mixer a disk containing a ring which is partly black and
partly white, surrounded by a uniform color {e.g., blue), when
the disk rotates the black and white ring it not seen as gray,
but is tinged with the complement (yellow) of the surrounding
color. [Fig. 34.] A similar effect is obtained by placing a

1 The latter is a term recently suggested by Christine Ladd-Franklin.
? It is also called an after-image.
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bit of gray paper on a colored blotter and covering the whole
with white tissue paper. The appearance of a complementary
effect without eye movement is called simultaneous contrast.
The complementary color which
appears around the borders of a
colored figure on a white back-
ground when the eyes wander is
a negative after-sensation. It is
called successive contrast.

Color Blindness. — A consider-
able proportion of persons show
striking peculiarities of color sen-
‘ sation. They fail to distinguish

Fic. 84. — ConTrast Coor  between certain hues which lie

Mottled surface represents blue. Ro-  far apart in the spectrum, such as
:ial:':gs :ihneg;;s:itl:h;el?it;k ifai!rlll:le:glg; red and green. This defect is
Blue the :“;ﬁgizl‘l"{i“:;ef‘ red, the ring called color blindness. Ask a color-

blind person to hand you the red
book on the table and he is just as likely to hand you a green
book. You think he is joking; but really he is acting in per-
fectly good faith; — he cannot tell the difference between red
and green. Color blindness is due to something in the make-
up of the retina. Just what this is no one has yet been able to
discover. It is not a diseased condition of the eye; for cer-
tain types of color blindness are inherited, like the color of
the hair or shape of the fingers. It seems rather to be the sur-
vival of a primilive, less developed type of eye which may
have been universal in mankind before color vision became
perfected.

The most common form of color blindness is inherited in a
peculiar way. It is found chiefly in males. The sons of such
a color-blind person do not inherit the peculiarity, and his
daughters inherit only the latent possibility. They are not
color blind themselves, but their sons are color blind. In
other words, this form of color blindness is transmitted from
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a man to his daughter’s sons. There are also forms of color
blindness which appear in women as well as men.

Color blindness is either total or partial. A totally color-
blind person sees everything like a photograph; the world
appears to him in black and white and shades of gray, with~
out any color whatever. This form is quite rare.

There are three distinct varieties of partial color blindness,
which are popularly called red, green, and blue blindness.
Blue blindness is rare and is possibly due to some diseased
condition of the retina. In this form the person is unable to
distinguish between blue and yellow.

Red and green blindness are the most common forms. In
each there is confusion between red and green. But the two
forms are distinct. This is demonstrated if we ask the person
to tell us how the spectrum looks to him. A red-blind indi-
vidual sees nothing at all at the red end of the spectrum. The
green-blind person sees something throughout the spectrum,
but he confuses red and green with yellow.

How do we know just what the colors look like to a partially
color-blind man? OQur description would seem to be mere
guesswork. But, as it happens, cases have been found in
which one eye is color blind and the other eye normal. Such
persons are able to compare the sensations of their two eyes
and to translate the abnormal eye into terms of the normal.

Color blindness raises certain very practical issues. On
the railroads and at sea the two colors red and green are com-
monly used as signals. It is sometimes a matter of life and
death to distinguish them clearly and immediately. A color-
blind engineer may make a fatal mistake. Many tests have
been devised to determine color blindness. Some of these
are open to serious objection. Color-blind persons can dis-
tinguish differences of shade very accurately. If only a few
standard cards are used in the test, one may learn to dis-
tinguish these particular cards by their shade and so pass
the test.
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A test devised by Stilling meets this objection. It consists
of a set of cards with a great many round colored spots of
various sizes and shades scattered about promiscuously.
Most of the spots on each card are of one color (say, red), with
a few of the other color (green) interspersed. The green
spots are arranged in the form of numerals, so that a normal
person will see immediately and clearly the number 37 (or
whatever it is) in the pattern. A color-blind person looking
at the card can see only the differences of shade: he cannot
pick out the number, but will trace some entirely different
pattern. It is practically impossible to fool this test.

Color Zones. — At the periphery of the eye color qualities
disappear even in normal persons. We are all color blind in
this region. Unless the stimuli are exceptionally bright
everything looks gray, like a photograph, at about 90 degrees
in any direction from the point on which the eye is fixed.
Some colors disappear before others. Green, for instance, is
limited to a much smaller region than blue or red. The
region in which we can see any color is called the zone for that
color. These color zones are determined by means of the
perimeter.! A map of the color zones in a typical eye is
shown in Fig. 35.

Visual Intensity. — In sight, changes in intensity or bright-
ness are closely related to the gray series of qualities. White
18 always very intense: black is of faint intensity. The
Purkinje phenomenon and adaptation may be treated as in-
tensity relations.

Experimental psychology is interested in two problems of
visual intensity: (1) What stimulus produces the least ob-
servable visual intensity, or brightness? (2) What change of
stimulus gives rise to the least observable change in brightness?
These same questions crop up in every one of the senses,
The least observable changes in sensations will be treated to-
gether after we have finished our study of the separate senses.?

! See Fig. 33, p. 74. 2 See p. 146-149.
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The least observable visual brightness may be determined
as follows: The observer is placed in a darkroom with black-

Fig. 85. — CoLor Zo~gs oF THE RETINA

Limits at which four colors disappear in passing {rom center of eye toward peripbery,
determined for radii 30 degrees apart. Right eye,

ened walls. On a dull black surface before him a pencil is
fixed upright. A light of standard brightness is moved slowly
toward the pencil from a distance, till the subject just barely
observes the shadow cast by the pencil. The faint light
bordering on the shadow is called the leasi observable bright-
ness. Certain visual processes occur in the retina, however,
even when no stimulus is present; we often see dust clouds or
spots of light when our eyes are closed in the dark. So that
this experiment really meg,ﬁsures the brightness of the objec-

tive stlmulau‘(zﬂh&fh i3 fustEobs servably different from the
eye’s own reti ht. According to Langlev the energy of
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the light which produces the least observable visual sensation
under most favorable conditions is 0.000,000,03 ergs.

Explanation of Visual Qualities. — Many facts in the sense
of sight are peculiar and difficult to explain: Why do the two
extremes of the spectrum, red and violet, look somewhat
alike? How is it that purple, a simple color, is not found in
the spectrum? Why is yellow a distinctive color, though it
is not among the three that are sufficient to produce every
hue by mixture? How can we account for the various sorts
of color blindness, and the wide prevalence of color blindness
in the human race?> Why is the periphery of the retina color
blind even in the normal eye?

Most puzzling of all is the sensation of black. Black is as
much a sensation as white or any of the color hues; yet it is
not due to stimulation by light waves at all. It is aroused
when no light stimulates that particular portion of the retina,
though to get a distinct black sensation some nearby region
must be stimulated by light.

These extraordinary facts indicate beyond question that
the processes in the retina are very complicated. Even to-day
they are not understood. The explanations suggested are
only partly satisfactory; they do not cover all the facts.

The genetic theory of sight, which was devised by Christine
Ladd-Franklin, seems to fit the facts best. This explanation
starts with the notion that color vision has evolved gradually
from a more primitive type of eye which could see only shades
of gray. It supposes that there exists in the rods and cones
a certain substance, which when stimulated by light arouses
sensations of gray and white. This substance occurs in the
retina in the form of particles called color molecules. In the
primitive eye only gray and white were distinguished.

In the course of evolution the color molecules in the cones
became differentiated into two components! one of which

! The color molecules in the rods are not differentiated: they give gray
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when stimulated yields sensations of blue, while the other
yields sensations of yellow. Later on in history the yellow
component became differentiated in turn into two compo-
nents, one yielding red, the other green. So in the fully
developed eye there are four primal colors: red, yellow, green,
and blue. But since red and green are derived from yellow,
yellow is not essential to color combinations like the other
three. This theory explains why red and green color blind-
ness are comparatively common, and why the normal eye
does not distinguish colors peripherally: in color-blind per-
sons the color molecules are only partly developed; and the
periphery is capable of giving only sensations of gray because
this region has no cones.

The Ladd-Franklin theory seems to cover all the perplexing
phenomena of sight except the sensation of black. The best
plan is to accept this view as a partial explanation, recogniz-
ing that it does not tell the whole truth.!

One conclusion is forced upon us more and more as we
study the sense of sight: this sense has by a long process of
evolution developed an exceedingly complicated organ, which
has come to fit our needs most admirably. It furnishes us
with a vast number of elementary sensations which give an
incalculable variety to our experiences. We can see very fine
distinctions of color and shade. We can distinguish very fine
lines and points. We can observe objects at a very great
distance from our body by means of sight. Of all the senses,
sight has the greatest practical importance in human life.
PracmicaL Exercisgs:

16. Describe the after-sensations of color obtained by looking across the
room at a window-sash on a bright day, and then closing the eyes, or
turning them to a dull gray surface.

17. Describe your experience of visual adaptation on going suddenly from

a very light to a very dark room and vice versa. Note especially the
Purkinje phenomenon (p. 76).

! There are two other important color theories, one devised by Young and
Helmhalts, the other by Hering.
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18, Test the limits of your color zones for red, yellow, green, and blue.
This requires assistance. Thke test should be made in a room with
white walls. Cut out small bits of each color and place one at a time
on a black or white strip of cardboard. The assistant brings the coloz
gradually in from right or left till the color is recognized. Test one
eye at a time, with the other eye bandaged.

19. Make a map of some one’s blind spot. Bandage one eye and fix his
head by a head-rest fifteen inches from the wall. Place a sheet of
white paper on the wall, marking a cross in the middle for fixation
point. Make a pointer of white cardboard, with the tip (one-eighth
inch square) blackened, and move it slowly across the paper. Mark
in pencil each spot where the black tip disappears or reappears.

20. Examine various colored objects in your room, including surface of
walls, tables, chairs, and floor. Describe their shade in five grades:
very bright, bright, medium shade, dark, very dark. Describe their
tint (saturation) in three grades: very pure color, medium saturation
(much gray), slight tinge of color (very pale).

21. With eyes closed place the blocks in the form-board (p. 175). Notice
the length of time required and the errors made. Repeat with eyes
open, and compare the two performances.

[Exercise 20 is on visual qualities; 21 is on the relative importance
of sight and touch; the other exercises are self-explanatory.]

REreRENCES:
On the eye: Ladd and Woodworth, Physiological Psychology, pp. 182-196.
On visual sensations, color blindness, etc.: J. H. Parsons, Introduction to
the Study of Color Vision; E. A. Schaefer, Text-book of Physiology, article
on ‘Vision®; M. Greenwood, Physiology of the Special Senses; chs. 10-20.
On visual theories: C. Ladd-Franklin, in Mind, N.S. 1883, 2, 473-4898;
Parsons, op. cit.; Greenwood, op. cit.



CHAPTER V
THE SENSES: HEARING AND OTHER SENSES

2. HEArING (AUDITION)

The Ear.— The human ear is a very complicated organ.
The peculiar-shaped shell to which the name ear is popularly
applied is only an insignificant part of the apparatus for hear-
ing. It merely collects the stimuli and directs them into the
proper channel. The real ear lies inside the head.

The receptor for hearing is divided into the outer ear,
middle ear, and inner ear. [Fig. 36.] The outer ear consists

F1c. 98. — Cross-SEcTIoN or Ear

Vertical section of right ear through meatus and Eustachian tube, viewed from
tront of head.

of the shell (concha), together with a tube, about an inch long,
called the meatus, which leads into the head through an open-
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ing in the skull and ends in a vibrating membrane called the
ear-drum (tympanic membrane).

The middle ear lies beyond the drum. It is a small cavity
in the head, containing three small bones which take up and
transmit the vibrations from the drum. The middle-ear
cavity is the end of a passage (the FEustachian tube) which
opens into the back of the mouth. If the drum is pressed
back too far into the middle-ear cavity by a tremendous
sound, we may remedy the trouble by swallowing, which
forces air into the Eustachian tube and pushes the drum
forward into place. In the bony wall of the middle-ear
cavity, opposite the drum, are two apertures, called the oval
window and round window. They are not open; but each is
fitted with a vibrating membrane, which permits the sound
waves to pass through, just as the glass in a window-pane
admits light waves.

The three small bones of the middle ear form a chain. The
hammer bone (so called because it is shaped like a rude,
primitive hammer) is attached to the center of the drum at
the handle end, and at the middle is held in place by a tendon.
The head of the hammer fits into the second bone, called
the anvil; and the anvil attaches to the arch of the stirrup
bone, whose base is attached to the membrane of the oval
window.

The sound waves gathered by the shell of the ear pass
through the meatus and set the drum in vibration. This
vibration affects the handle of the hammer; the hammer being
pivoted in the center, its head beats on the anvil, which jars
the stirrup, and this sets the membrane of the oval window
vibrating in exact measure with the original sound waves.
But this is not all. The crucial process of hearing takes place
in the inner ear.

The inner ear or labyrinth is a very complicated cavity,
only part of which is concerned with hearing. [Fig.87.] The
portion toward the back of the head contains the semicircular
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canals, which are receptors for the static sense;! they have
nothing to do with hearing. The front part of the labyrinth
contains a spiral
structure resembling
the shell of a snail,
called the cochlea,
which contains the
real receptor for
hearing.  Between
the canals and the
cochlea is a cavity
called the vestibule.
The inside of the
cochlea is divided
into two spiral tubes,
lylng side by side, Enlarged view of labyrinth in nearly the same plane as

which run from the Fig 36. Semicircular canals at left, cochiea at right; be-
b to th(’ tlp ()f the tween them the two windows and vestibule. [From Smith

and Elder.]

cochlea. [Fig. 38.]

They are separated by a membrane, except at the top, where
they unite. Between these two tubes (called the scala tym-
pant and scala vestibuli) is a smaller tube called the cochlear
duct, which is separated from them by membranes. In a
small canal within the cochlear duct is a system of minute
rods and hair cells, called the organ of Corti. [Fig.89.] These
rods and hair cells connect with the fibers of the auditory
nerve, and are the real receptors for hearing.

We traced the course of the stimulus through the chain of
bones as far as the oval window. The vibrations of the mem~
brane in this window set up waves in the liquid that fills the
cochlea. These waves pass up the scala vestibuli, which
starts at the oval window; at the apex of the cochlea they go
over into the scala tympani and pass down, finally reaching
the round window at the base. (The round window serves

1 See p. 117.

Fig. 37. — LasyrinTH OF THE EaR
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merely as a shock-absorber.) During the passage of
the waves through the cochlea the cells of Corti are set
into sympathetic
vibration. They
are of different
lengths, and each
picks up certain
waves of corre-
sponding length,
just as the strings
of a piano rever-
berate to sounds
of their own
length. When a
wave of a given
length passes
through the coch-

The cochlea cut open from apex to base near the central core 1(3.8., lt sets In
(modiclus) at right angles to plane of Figs. 36 and 37. Theapex  vibration the ap-
or 4ip of cochlea is at left of the drawing. Section shows three .
windings of scela tympani (right) and scala vestibuli (left). propriate rod or
The cochlear duct (not shown) lies between the two scale away : :
from the core; it is bounded by two membranes which form a h&lr cel] Of Cort]’
continuation of the spiral lamina (Lam, spiral. ossea). [From ¢ 1 3 .
T © and this stimu

Fra. 88. — Section THROUGR COCHLEA

lates a certain
fiber of the auditory nerve, which carries a nerve impulse up
to the auditory center in the brain.

There is no muscular apparatus for focusing sounds in the
human ear, such as we have in the eye. A rudimentary
muscle exists for lifting the ear, but it is rarely used and in
most persons is not under control of the will. We can focus
sounds slightly by turning the head so as to make the effect

- clearer and more distinct.

Stimuli for Hearing. — The stimuli for hearing consist of
vibrations called sound waves. These waves are very much
more sizable than light waves and differ from them in many
other respects. Sound waves travel through the air at the
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uniform rate of 832.4 meters (about 1000 feet) a second. Like
light waves they differ from one another in length. The
longer the sound wave, the fewer waves strike the ear-drum
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Fic. 89. — OrGax oF Cortl

Section perpendicular to direction of windings of the scale. Rods of Corti are designated
‘inner rod,” 'outer rod." The rods and hair cells become longer in successive sections toward
apex of cochlea. |{From Lickley, after Retzius.]

in a given period of time. It is customary to measure sound
waves in terms of the number per second instead of wave
length.! The greatest frequency (rate of vibration) of sound
waves that the average man can hear is about 80,000 per
second; the lower limit is about 12 or 16. The rate of vibra-
tion determines the quality of sensation.

Sound waves may be started in three different ways: (1)
by twanging a tightly stretched violin string, which being
elastic vibrates to and fro; or by tapping a tuning fork or the
membrane of a drum. (2) They may be started by blowing
into a tube, which sets the air into vibration at different rates
according to the length of the tube. (8) A third way of

! Because the number of waves per second is the same for any given sound,

whether the vibration is of air particles or strings; the wave length would
vary with the density of the medium.
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starting sound waves is by tapping a rigid body, such as a
bell or xylophone; here the rate of the sound waves depends
on the size and material of the body, not on its elasticity.
In every case the sound waves are eventually communicated
to the air and so to the ear-drum. The only exception is
where a vibrating fork is pressed against our head; the sound
waves are then transmitted directly through the bones of the
skull to the drum.

Sound waves differ not only in frequency (vibration rate)
but also in tnfensity. The same sound (e.g., middle C on the
piano) may be faint or loud, depending on the force of the
disturbance in the air. If you pluck a violin string vigor-
ously, the air particles do not move any faster, nor vibrate
more times per second, but they swing more violently back and
forth with each vibration. This results in a louder sound —
not in a different quality of tone.

Qualities of Auditory Sensation. — Just as in sight, there
are different qualities of auditory sensation for the various
rates of vibration, and there are also sensations due to mixed
rates. A uniform sound vibration gives a fone sensation;
mixed vibrations give a notse.

The parallel between sight and hearing is not complete.
A noise is not pleasant like gray light; and noises do not form
an independent series like the grays — every noise is more or
less like some tone whose vibration rate predominates in the
mixture. Strike a table in different places and you will
notice that the resulting noises are somewhat like dull, flat
tones.

Tones and Pitch. — If we snap a tuning fork, the prongs
vibrate to and fro uniformly, at a rate which depends on the
length of the fork. This vibration causes uniform sound
waves in the air, and the resulting sensation is not a noise
but a fone. A long fork vibrates at a slow rate — that is, few
times per second; it gives a deep tone. A shorter fork vi-
brates at a more rapid rate and the resulting tone is more
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shrill.! The vibration rates between 12 and 30,000 give a
series of about 11,000 distinguishable tones. The difference
in quality between tones is called difference in pitch, and the
whole series of audible tones is called the auditory scale.
Tones and pitch correspond to colors and hue in the sense of
sight. We ask, “ What is the pitch of that tone? "’ just as wc
ask, “ What is the hue of that color? ”’

The relations of tones to one another is quite different from
the relations of colors. In the first place tones have not so
much individuality. Take the tone produced by 256 vibra-
tions, which is called middle C on the piano and is used as a
standard.? Most persons are quite unable to identify it. If
you ask a man to hum C, he is likely to give something quite
different; if you strike several notes on the piano, he is unable
to tell whichis C. Color recognition is much more developed.
No one who is not color blind finds any difficulty in picking
out a green from a red or a yellow. This lack of individuality
in tones is probably the reason why they have never received
distinctive names like the colors. They are called by the
uninspiring names A, B, C, etc.

A few persons are able to recognize tones as accurately as
colors. They can tell whether a piano is tuned slightly above
or below the usual standard. This ability is called recogni-
tion of absolute pitch. 1t is said that Mozart, when quite
young, went with his father to the house of a musician. He
tried the man's violin and immediately noticed that it was
tuned a quarter tone above his own, which he had left at
home. Even among musicians the ability to recognize abso-
lute pitch is rare.

On the other hand most persons recognize quite accurately
the relation between pairs of tones. When we sing or hum or
whistle a tune the tones are sounded In a certain order; it is

! Deep and shrill tones are often called low and high respectively. But
these terms suggest differences in intensity — faint (or low) and loud.

* This is the standard in scientific work. Musicians generally use another
standard, called iniernational pitch, in which middle C is 261.
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the relation of the successive tones that makes the tune. The
ability to hum a tune or to recognize it depends on your
recognition of pitch relations, or relative pitch, — not on abso-
lute pitch; for the tune is the same whether you start with C
or D or any other tone.

The serial relation of tones is also quite different from that
of the color series. If you strike middle C on the piano and
then the next key to the right, and so on, you will observe
that they become continually * more shrill.” But if you
compare them in pairs, C : D, C:E, C:F, etc., you will find
that some of these pairs are more closely related than others.
Notice especially C' and C2. [Fig. 40.] They sound very
much alike, though they are far apart. The vibration rate
of C?is just twice that of C!. This 1:2 relation is called an
octave, It suggests that tones might be represented by a
diagram shaped like a spiral or corkscrew, in which any tone
lies immediately above (or below) its octave in the next twist
of the spiral. )

Suppose we take the tones C! and C? and all tones lying
between them. A great many tones can be distinguished
within these limits, but only a few are used in music. Ona
piano there are seven white keys starting with C!; the eighth!
key, C?, begins a new series. The cight tones included within
the octave, taken in pairs, give the principal relations or
intervals used in tunes and in musical compositions generally.
They are chosen because the numerical proportion of their
vibrations appeals especially to the human ear: C! has 256
and G!' 384 vibrations per second; that is, the relation of C!
to G'is 2: 3; the relation of C! to F'is 3: 4; and so on. If you
examine Fig. 40 you will see that the musical intervals within
the octave are all represented by rather simple numerical
relations — the ratio numbers are small; 15: 16 is the least
simple ratio.? In general, the simpler the numerical ratio of

! 1n Latin ‘eighth’ is ‘octavus,” whence the word ‘octave.’

? The black keys on the piano are used when we take some other tone
besides C as standard; we need extra tones to fill in the larger intervals.
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two tones, the  closer ’ or ‘ more harmonious ’ is the relation,
whether the tones are sounded successively or together.
This closeness of relation is something quite different from
nearness of pitch. The smallest pitch difference in music is
the semitone, or minor second, which is the interval between
E and F and between B and C. But this interval, whose
ratio is 15: 16, is musically the least close relation of all.

It is not easy to explain why these tone intervals affect us
as they do. The effect is probably due in some way to the
hair-cells and rods of Corti; but the full explanation is still
uncertain. However, we shall see why intervals bearing a
simple ratio are pleasanter than those expressed in larger
numbers, when we observe the effects of two or more tones
sounded at the same time.

Overtones and Timbre. — When we strike a key on the
piano or blow a cornet, the sound waves are not simple.
Besides the vibrations depending on the length of the string
or tube, there are fainter vibrations corresponding to the
half-length, third-length, etc. When we pluck a violin string
it vibrates not only as a whole, but in half-lengths if it is
plucked one-quarter from the end, and in other part-lengths
according to the place where it is plucked. [Fig. 41.]
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Fig. 41. — How OVERTONES ARE MADE

The solid line is a violin string fastened at A and B.  Pluck it 1/6 from the
end (at arrow) and it vibrates in thirds. besides vibrating as a whole. The
part-length vibration is the overtone or harmonic; it is fainter than the funda-
mental. (The amount of ‘ waver ’ is exaggerated in the figure.)

These lesser tones fuse with the main or fundamental tone,
and give it a richer effect. They are called overtones, because
they overlay the fundamental tone. The fundamental with
its overtones make a single sound, called a stmple clang.

Overtones are responsible for our ability to distinguish
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between different musical instruments. In some instruments
one set of overtones are more prominent, in others another
set. This is why we can readily distinguish a wind instru-
ment from a stringed instrument, even if they play the same
tune. This individual effect of each instrument is called its
timbre. The human voice has a great variety of overtones,
and each human voice has a timbre of its own. A well-made
tuning fork has practically no overtones; it gives the nearest
to a pure tone of any instrument.

Differences in timbre correspond roughly to the series of
tints in colors. They give us a variety of additional sensations
over and above the pure tones. If we take into ac