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PREFACE

This text comprises a survey and orientation course in the physical
sciences. The matcrial is designed to be a part of a college and university
general cducation program. All educators recognize the importance of
some science work in general college curricula and many colleges include
several courses in the sciences as a part of the program of students.

In any large number of students beginning their college work there
will be found three groups: those who have had little or no science in
preparatory schools and who do not intend to pursue intensive work in
the scientific field; those who plan to major in science; and those who
arc potential science teachers in the secondary schools. In this text an
earnest effort has been made to provide matcrial which is of value to each
of these groups, yet material so chosen that there will be little duplica-
tion for students who supplement the course with the traditional courses
in astronomy, chemistry, geology, and physics.

The book is the outgrowth of several years of teaching and super-
vision of physical science courses in various types of colleges. These ex-
periences lead to the belief that such a text will enable those students
who will go no farther in the physical sciences to have an appreciation
of their scientific environment. Certainly it will make them better edu-
cators, ministers, lawyers, or housecwives. One of the criticisms which is
being directed at the science departments of our colleges is that each
department aims to train students intensively in a particular field to the
exclusion of the other curricula of the college. Whether or not this
criticism is justified, many students avoid courses in the spccific sciences
and gain little or no knowledge of modern scientific developments.

The proper presentation of scicnce in secondary and elementary
schools is one of the most difficult tasks that a tcacher can undertake.
Because of the breadth of the field it is essential that the teacher have a
thorough training in the entire field of science. Realizing this fact, our
survey of scicnce has been so built that it provides the necessary physical
science background for the general science teacher. To this cnd numer-
ous clementary demonstrations have been included throughout the text
as well as much thought-provoking material. The experimental exercises
found at the end of cach chapter are suitable cither for classroom demon-
stration or for individual laboratory work. In every instance, simplicity
in equipment and in technic has becn sought.

v



vi PREFACE

The text material has been divided into chapters which, as much
as possible, are complete in themselves. This makes it possible for the
teacher to change the order of usec. Although the book is primarily in-
tended for a year’s course, it may be used as a semester course by omit-
ting chapters. The variety of chapters enables each teacher to choose the
material best suited to individual nceds and interests. It is suggested that
the text material be supplemented by cxtensive reading in books and
magazines.

In choosing topics for inclusion in the text, the test in each case has
been whether a topic is of general interest. The social and economic as-
pects have not been emphasized in as much as it is felt that such matcrial
is a part of other curricula in the college and that introduction of such
topics would involve duplication. Some attention has been paid to the
historical backgrounds of the scicnces. In no case have scientific prin-
ciples been sacrificed to attain simplicity of presentation. The ultimate
goal has been to present a concise statement of each topic, introduced in
a manner to arouse interest and stimulate logical thinking on the part
of the student.

Paur McCorkLe

Peoria, lllinois
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INTRODUCTION

To science, pilot of industry, conqueror of disease, multiplier of the
harvest, explorer of the universe, revealer of mature’s laws, eternal
guide to truth.

—INSCRIPTION ON THE NATIONAL ACADEMY OF SCIENCE

History AND A1Ms OF A TEXT IN SCIENCE

As we turn back the pages of history, we are amazed at the paucity
of scientific achievement in early centuries. Although the Chinese and the
Greeks made great progress in mathematics, logic, and art, they accom-
plished little in the physical sciences. One of the great thinkers in the
fields of science and logic was the Greek, Aristotle, 384-322 B.C. This
man wrote voluminously in the sciences and in politics. A master of logi-
cal thinking, yet he erred in many of his ideas because he did not:use the
experimental method as a check on his logical arguments.

In this period there is, however, one exception in the person of Archi-
medes, who lived in Syracuse about 250 B.C. This great mathematician
also worked in the realm of science. He stated the principles of flotation
and of levers so clearly that we cannot improve upon his arguments.

During the period from 200 B.C. to A.D. 1200 there was a long inter-
val during which little scientific work was done. It is true that the Arabs,
taking up the torch of learning dropped by the Greeks, did some work
in mathematics and alchemy. During this long interval, most of the
learning was concentrated in the religious bodies in Europe. It is, there-
fore, not surprising that these bodies became the centers of intellectual
advancement. Consequently, when Copernicus and Galileo appeared upon
the scene, their revolutionary ideas in science had to confront the fixed
ideas of the religious leaders. Many persons have criticized these leaders
severely for their rcfusal to accept quickly these new concepts of the
physical world. Perhaps such criticism is not altogether justified. When
idcas have been prevalent for centuries, it is difficult for men to throw
aside these ideas overnight. Even today, men change their opinions very
slowly.

However that may be, we have in the work of these men examples
of the triumph of experiment over pure logic. Galileo is rightly called the
“father of experimentation.” Whether or not he actually dropped ob-
jects from the leaning tower of Pisa, he was the first actually to test his
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2 INTRODUCTION

ideas by his sensory impressions. After his time, science became a promi-
nent part of human knowledge.

In the very year of Galileo’s death, Sir Isaac Newton was born. One
of the greatest of thinkers, this man was destined to carry forward both
the experimental method formulated by Galilco and the logic of the type
used by Aristotle. By carcful observation, he formulated laws of the uni-
verse which are amazing because of the clarity and brevity of their lan-
guage. Unfortunately, it often happens that the idcas of a great thinker
hinder progress in later gencrations. This was the casc with both Aristotle
and Newton. Some of Necwton’s statements, especially in the ficld of
light, were incorrect. But such was his prestige that not until 1801 were
they successfully challenged. When Thomas Young in that ycar pro-
posed the wave theory in contradiction to the corpuscular one of New-
ton, men at first ridiculed his suggestion. But again experiment had its
way and thus was opened a great new ficld of investigation.

Other scientists of this period were Franklin, Hutton, Volta, Laplace,
Lavoisier, and Davy.

After 1800, the progress of science was rapid and cxtensive. We must
be content to mention merely a few of the great investigators of the
nineteenth century. Some of the outstanding names are Foucault, Michel-
son, Herschel, Kirchoff, Priestley, Fraunhofer, Dalton, Tyndall, Wohler,
Maxwell, Mendeléeff, Hertz, Hclmholtz, Kelvin, Faraday, Arrhenius,
Agassiz, and Darwin. Many of these men will be introduced to the reader
in later pages as we proceed in our study of science. A sincere student of
the scientific method will feel impelled to read the biographics of thesc
great men in which are revealed the scientific methods of approach to the
great problems of the universe.

Today the progress of science is so rapid and its achievements so
vast that we dare not be dogmatic in our thinking. The accepted theory
of today may be outmoded by the experiments of tomorrow. In the hands
of such men as Roentgen, Richards, Thomson, Rutherford, Millikan,
Urey, Einstein, Compton, Bohr, Sommerfeld, Nieuwland, and Fermi,
to name only a few, our world of science has been rapidly expanding.
No one can foresee the progress of the next generation.

This is an age of science. We arc masters of machines. The man on
the street ridicules the routine laboratory man and the theorist, but at the
same time holds up to reverence an Edison or an Einstein. Such is the fame
of Einstein that any item concerning him is important news. The entire
text of the paper presented by Finstein in 1926 to the Prussian Academy
of Science was cabled to the New York Herald Tribune, and was pub-
lished in its entirety, including mathematical equations so complicated
that only a few mathematical specialists could read them intclligently.

Although he is disdainful of the methods of the scientist, the layman
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is quick to capitalizc on the results of his achievements. Many a man has
invested his fortune in a new wircless gadget, or a dreamer’s method of
television. Newspapers will still give space for an announcement of a
“fuclless” motor, a “perpetual motion” machine, or “creation of life”
in a test tube. Texts on popular science are best sellers. (One wonders
just how much the layman understands of a popular description of the
theory of relativity cven when written by a master.)

Ignorance of science leads intelligent people into ridiculous decisions.
Some ycars ago a great hubbub was created by a principle called “tech-
nocracy.” Onc fallacious idea which came out of the principle was that
science should stop making new discoveries of labor-saving machines lest
mankind perish from economic bankruptcy. On the medical side, wit-
ncss the millions of magnetic belts and other worthless contrivances and
“patent” medicines which man buys to cure his ills.

For generations, men have accepted the doctrine of cause and effect,
and only in the last decade has the principle been called into question.
During some periods in the world’s history, the doctrine produced curi-
ous conclusions. The Greeks belicved that a man’s life was charted at
birth. If, for cxample, the individual was destined to die by drowning,
it was beyond his power to prevent the accident. Such ideas were carried
over into religious beliefs by Calvin and others, and led to the doctrine
of predestination as opposcd to that of free will. In science, men belicved
that if one could discover all the laws which govern a certain phenome-
non, onc would be able to understand the course of the experiment, be
it the cruption of a volcano, a radio broadcast, or the flash of a lightning
discharge. Perhaps one might statc the position as that of law and order.
Men believed that the universe was originally “wound up” and started
on its path according to a set of physical laws. To know these laws would
be to know truth. Today, many thinkers believe in a doctrine of free will
(chance) in the ficld of physics and other sciences.

The thinking individual sees the world about him and speculates about
its reality. Science attempts to describe and interpret the universe for him.
It makes known that the universe has had a long period of evolution; it
has gone through great changes in form and character of life. Most men
are content to cnjoy the benefits of science and they make no attempt
to advance its boundaries. Occasionally there arises a mental giant who,
with one vital principle, takes scicnce ahead to great new discoveries. As
these men come upon the stage of human progress, science advances by
great strides.

Many persons have seized upon this realization of a scientific age to
insist that the scientist must come down from his pedestal and scatter his
knowledge to all men. To this end some educators insist that courses in
the sciences must be superficial in character. Their viewpoint is that most
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persons are merely “tourists in the forest of science and not hewers of
wood.” This type of argument has won many friends among those to
whom concentrated thinking is abhorrent. As long as a beautiful word
picturc is drawn conccerning an atom, they do not wish to be compelled
to search underncath the painting for the artistry of the painter. We read
in our newspapers about such apparently unrelated items as x-rays, radium,
cosmic rays, and atomic bombs. It is the goal of science to codrdinate
such experiences, so that the intelligent man may be able to have a logi-
cal understanding of the underlying principles. This idea has becn well
stated by Einstein when he says, “The object of all science is to coérdi-
nate our experiences and bring them into a logical system.”

In order to accomplish this end, one must strive to integrate the
sciences to such an extent that the student sees the interrelation of all
knowledge. In accomplishing such integration, however, we must be
careful not to substitute slipshod thinking for exact logical processcs.
Clear thinking is always more satisfactory than half truths. In early times
there was only natural philosophy. Man had not set up the arbitrary
subdivisions of physics, geology, astronomy, biclogy, and chemistry.
Although our scientific knowledge has increased greatly during the past
century, it is still possible and wisc to continue to introduce science by
teaching natural philosophy.

There is also to be considered the use of science courses as cultural
subjects. Many a college graduate has a thorough knowledge of the works
of Shakespeare, but no intelligent information concerning the method of
lighting the home. Moreover, such students have acquired no information
or appreciation of the technics and skills which the scientist has devcloped
over a long period of years. It should be the function of the course to
give all students some cultural information. A natural result of such pres-
entation is a desire on the part of the student to continue his studies along
scientific lines. To appreciate science one must have a background of
scientific knowledge.

The student may forget much of the factual material learned in his
science courses, but, if he is an intelligent thinker, he will acquire from
his science training the ability to judge values both in people and in ma-
terial things. He will not be led astray by half-developed theories. He
will be prone to sift ideas and to reserve judgment concerning question-
able proposals. He will have learned to think logically and accurately.
Modern industrial life is a complex and intricate network. Today, each of
us is a link in a great chain, and the trained mind is essential to success.

Any one who attempts to present any field of science is faced with
certain fundamental problems. During the past century, the world has
seen a tremendous output of new marvels which have had their origin
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in the work of some scientist. The scientific world is in a state of flux.
The astronomer has penetrated far beyond the limits of the universe of
our ancestors and is speculating about the size of the universe of stars and
nebulae. The chemist is building up synthetic products at such a rate
that the whole world of human affairs seems to be dependent upon the
laboratory. Within the past 50 years, scientific discovery has awakened the
mind of man to the realization that we live in a complex universe of which
our world is only a tiny but complicated fragment. Despite this advance-
ment, there is not one single branch, or even a minor subdivision, of which
we can write a compilation of all that is known and say “this is the final
record.” Science has made and will continue to make for us a better and
more comfortable world. It remains to be seen whether man can adjust
his social structure to avail himself of the great advances offered as a re-
sult of scientific research.

The student who begins the study of the physical sciences may be ap-
palled by the size of the task before him. He must remember, however,
that in science, as in all other fields of knowledge, it is nccessary to ac-
quire a vocabulary of technical terms. Only by repeated use of these tech-
nical terms can he hope to acquire the vocabulary necessary for scientific
development. Moreover, this is an age of experimentation and research.
It is to be hoped that the student will, if possible, avail himself of consid-
crable laboratory experimentation. Only by such methods can he really
appreciate the scientific method.

The educational value of a study of science consists not so much in
remembering the statements of others as in forming individual opinions
through study and experimentation. The student who is satisfied to fill
his mind with facts in order to pass an examination will not progress far
in scientific thinking. He should learn to read and write intelligently on
scientific topics. A good teacher of science will rely less on memorized
facts than on a careful interpretation of the physical phenomena which
the student experiences in daily life. An understanding of the principle
of the doorbell is far more important than a memory drill on the Laws
of Motion.

The student must always remember that the field of science is too
vast to be covered adequately in any elementary textbook. What is learned
there is only a stepping stone to a fuller realization of the tremendous
activities of scientific investigators. Although much of the material in
this book is well established, many statements made at present will need
revision in the light of later study. Above all, the student of science must
not be content with slipshod statements. It is just as easy and far morc

satisfactory to state principles accurately as to make vaguc statements
which mean nothing.
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1. THE SUN

Girt with bis mantle of tempestuous flame glares in midbeaven; but to bis
noontide blaze
The slender violet lifts its lidless eyes and from bis splendour steals its
fairest blue
Its sweetest perfume from bis scorching fire.
—Hormrs

Man has always wished to understand the reasons for the phenomena
of nature which he noticed about him. Those things which he did not
understand he often made a part of his rcligious worship. The eclipses of
the sun were thought by the Chinese to be caused by a dragon swallow-
ing that “life-giving” object. The priests beat drums to drive away the
dragon. Many people, such as the Mayas, sacrificed human lives in sun
worship. Early man was a hunter and a fisherman, and he wove the ani-
mals around him into his religion and into his ideas of the sky. Later he
became a herdsman, and his religion contained a worship of pastoral
things.

At a very early time, the idea took root that the stars and the planets
were controlling factors in man’s life. Because of this, the subject of
astrology became important in the minds of ancient peoples. Much of
our knowledge of carly races is due to the fact that they recorded eclipses
and other happenings in the heavens as a part of their study of astrology.

Perhaps the most reverenced of all bodies was the sun, the “day star.”
This was most natural, inasmuch as life itself depends on the sun. The
Egyptians and the Chaldeans made the sun one of the supreme gods. Con-
sequently, in beginning a study of physical phenomena, it is natural to
consider first the sun, for our sun is certainly to us the most important of
all heavenly bodics. We, too, are dependent upon it for life itsclf. It pro-
vides light, heat, and ultraviolet rays, and makes possible the rainfall and
the photochemical process necessary for the growth of plants. The varia-
tions in solar energy cause aurorae (see p. 376) and magnetic storms.

Our sun is an intensely hot ball of highly compressed gas that shines
by its own light, as contrasted to the planets, such as Mars, which shine
by reflected light. It is a star of average size and temperature. The star
Betelgeuse, in the constellation of Orion, is 400 times the diameter of the
sun.

Since, compared to other stars, the sun is close to the earth, it ap-
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8 THE SUN

°
EARTH
JUPITER

Fic. 1. Comparative sizes of sun, Jupiter, and earth,

pears to us to be a very large body. Actually, the sun is about 93,000,000
miles from the earth. To form a concept of this distance, imagine an
aviator flying toward the sun at a speed of 300 miles per hour. He would
need nearly 40 years to travel the distance. The diameter of the sun is
866,000 miles, which means that it is about 100 times the diameter of the
earth, Over a million spheres of earth size could be packed into the sun
if it were a hollow ball (Fig. 1). It requires 8 minutes for sunlight, at a
speed of about 186,000 miles per second,! to travel from the sun to the
earth.

The outermost part of the sun is called the corona (Fig. 2). This is
visible only during a total eclipse, at which time it appcars to be a great
glob of pearly white color, its light being polarized (seec p. 359). It ap-
parently consists of a very much rareficd gas having a thickness of sev-
eral hundred thousand miles. The exact constitution of the corona is still
in dispute, but it is quite certain that it contains no unknown elements.
There is some evidence that the corona lines seen in the spectroscope are
due to the gas, helium,

Within the corona lies the chromosphere (color layer), a mass of gas
mostly hydrogen, helium, and calcium, 5,000 miles thick. It is in violent
motion and at times shoots out great prominences (Fig. 3) of glowing
gas as much as a million miles high. The gases of the innermost part of the
chromosphere (the reversing layer) are responsible for the Fraunhofer
lines (see p. 16).

The central part of the sun, the visible disk, is named the photosphere
(light-giving sphere). The tempcrature of this photosphere is believed to

*The exact value is 186,284 = 7.
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be several million degrees and the temperature of the surface is known
to be about 10,000 degrees Fahrenheit.

Fi6. 2. 'The corona (Courtesy, Weld and Palmer
“Textbook of Modern Physics,” Philadelphia, The
Blakiston Company.)
Because of the enormous pull of gravity on the sun, the material is
compressed greatly; this results in the mass of the central part being very

Fic. 3. Solar prominences. (A reprint
of Yerkes Obseryvatory negative $95. By
permission of the University of Chicago
Press.)

compact. In fact, it somewhat resembles a liquid in that it does not obey
the gas laws. (Sce p. 148.)
Rorarion

The sun rotates on an axis in the same direction as the earth rotates.
‘The time of rotation varics at different points, being 25 days at the equa-
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tor and 33 days ncar the poles. Such a motion indicates that the sun is a
fluid. (A fluid is a gas or a liquid.) One proof of this rotation is based on
the Doppler Principle. Every one has noticed that the pitch of the sound-
ing horn of an automobile seems to risc as the car approuchcs, and to fall
as the car recedes. The principle as applicd to light states that: If a lumi-
nous body moves toward us, the color of the light secms to shift slightly
toward the violet end of the spectrum, the shift depending upon the
speed. If the hght source is moving away from us, the color shifts toward
the red. By examining the light from the two sides of the sun's disk with
a spectroscope (see p. 15), the rotation may be detccted.

The position of a line in the spectrum is mdicated by its wave length. For ex-
ample, the red line of hydrogen under normal conditions has a wave length of
0.00006563 cm. If the light of a receding body contamnmg hydrogen is examuined, the
wave length of the red line seems to be shghtly longer. If the body is approaching,
the wave length seems to be shghtly shorter. The apparent change in wave lengths
is due to the body’s motion and not to any change in the state of the substance ennt-
ung the light.

Sux-srors

The movement of sun-spots also aids in proving that the sun rotatcs.
TheSe spots are really dark arcas (Fig. 4), some more than 50,000 miles
in diameter and perhaps 1,000 miles deep. They are s’luu:l’-shdp(,d valleys
on the surface t.onsmmg of whirling masses or spinning funncls of cooler
gas which constitute cyclonic storms on the sun. They are probably much
like tornadocs on the carth. A vortex or whirlpool in water, such as is
causcd by a canoe paddle, is a good illustration. George Hale, an astrono-

Fic. 4. Sun-spots. (Courtesy, Mt. Wilson Obscrvatory.)
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mer at Mt. Wilson Observatory, in 1903 discovered that these sun-spots
produce intense magnetic fields, and that the Zeeman cffect (the splitting
of spectral lines by a magnetic ficld) was visible in the whirling spots. A
sun-spot has some of the properties of a magnet.

These sun-spots become numerous at intervals of about 11 years. They
were numerous in 1926, and again in the ycars 1937-1939. At the begin-
ning of a sun-spot cycle, the spots are concentrated in the higher lati-
tudes of the sun, about 40 degrees north and south of the sun’s equator.
As the cycle progresses, the spots approach the equator of the sun and
disappear in low latitudes. Many of the spots occur in pairs, one in the
northern hemisphere and one in the southern hemisphere. Because of their
magnetic properties, at a period of sun-spot activity, we have “magnetic
storms” due to a change in the ionosphere (sce p. 400), which disturb
radio and tclegraph service. At such times the aurora borealis (see p. 376)
and the aurora australis are very prominent. There is at present no satis-
factory explanation of the cause of the spot9

APPEARANCE

The casual observer will not find much of interest in the sun. It ap-
pears to be a ball of yellow light, too bright to be gazed at directly. We
notice that it is high in the sky at noon in the summer, and that it is low
during the winter months. We are also aware that it gives us long days in
summer and short ones in winter. Most people also know that an exposure

SATURN
JUPITER
MARS

SUN
MOON
EARTH
SUN
MERCURY.
VENUS

PTOLEMAIC HELIOCENTRIC

A B
Fic. 5. (A) A diagram of the Prolemaic universe. (B) A diagram of the heliocentric

universe.
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for a photograph is short when the sun is shining. The sun apparently
rises in the east and scts in the west as a reddish ball. During most of the
day it has a yellow color. Because of this apparent rising and setting,
ancicnt peoples believed that the sun revolved about the carth. (A revo-
lution refers to the motion of one body about another. A rotation refers
to the turning of a body on its axis.)

EARLY ASTRONOMERS

Perhaps the most unpormnt scientist of carly days was Aristotle
(384322 B.C.). This investigator studiced biology, astronomy, and many
other related fields. His ideas were preva-
lent until the fifteenth century. Another
representative  of the period was the
astronomer, Ptolemy (about 100 B.C.).
Both of thesc scientists belicved that the
earth was the center of the universe and
that all other bodics revolved about the
carth (Fig. 5, A). In the sixteenth cen-
tury, Nikolaus Copernicus and Galileo
Galilei (Fig. 6) advanced the heliocentric
theory that the sun was the center of the
solar system, and that the carth and the
other plancts revolved about it. Galilco,
who is often called the “father of experi-
mentation,” made a small telescope, and
by its use discovered the moons of Jupiter,
the phases of Venus, mountains on the

Fic. 6. Galileo Galilei (1564 moon, and sun-spots. After the time of
1642)_" Discovered the moons of Galileo, the idea of a heliocentric system

Jupiter; made one of the first of planets became a fixed principle in

telescopes; discovered the laws of  cicnce (Fig. 5,B).

the pendulum; founder of ex-

perimental physics. Galileo (1564-1642) was a famous [taluan,
a professor at the Univenity of Padua. He

advocated the heliocentric theory of Copernicus but, because of his rascible atn-

tude, was challenged by various rehgious groups. Because of his attitude, he suffered

many hardships 1n his later life. Some of his discoveries in other ficlds were the laws

of falling bodies and the laws of the pendulum.

It is intcresting for us to try to understand the attitude of the people
of that time toward science. An astronomer of the tlmc of Galileo cx-
pressed himself as follows: “There are scv. § o —two
nostrils, two cyes, two cars, and a mouth; so in the heavens there are two
favorable stars (Venus and Jupiter), two unpropitious (Mars and Saturn),
two luminaries (sun and moon), and Mecrcury alone undccided and in-
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diffcrent. From which we gather that the number of planets is ncces-
sarily scven. Morcover, the satellites of Jupiter are invisible to the naked
cyc, and can have no influcnce on the carth, and arc consequently useless,
and therefore do not cxist.”

7 :
N\

EYE PIECE
OBJECTIVE
A
L,//"\ LIGHT,
Focus
MIRROR EYE PIECE
~ EYE

B
Fic. 7. (A) A refractor. (B) A reflector.

ASTRONOMICAL INSIRUMENTS

Tue TELESCOPE. A telescope contains a lens or mirror of large diame-
ter which forms an image of a distant object. It also contains an eyepiece
to enable the obscrver to examine the details of the image. In the case of
an astronomical refracting telescope, there are two convex lenses (thicker

Fic. 8 .The casting for the 200-inch telescope murror. (Courtesy, The Corning Glass
Co.)
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at the center than at the edge) (scc p. 346) (Fig. 7, A). The objectives lens
has a large diameter, that of the Yerkes tclescope bcing 40 inches mn diame-
ter. In the reflecting telesu)pe, the objective lens is rcphccd by a mirror
with a concave surface (Fig. 7, B). The *100-inch” mirror at Mt. Wilson
is of this typec. There has now been sct up at Mt. Palomar a telescope hav-
ing a mirror 200 inches in diameter, which is a part of the most powerful
telescope in existence (Fig. 8).

The 200-inch telescope was designed by George Fllery Hale of the Mt. Wilson
Observatory, ncar Pasadena, California. The great murror was cast from a special
pyrex glass by the Corning Glass Works. The mirror has been ground to the proper
curvature and is now in usc. It 1s located on Mt. Palomar. The murror is coated with
alummum instead of silver in order to secure better reflecting power for the ultra-
violet. There are about 60 large telescopes located in various observatories of the

world. Fig. 9 shows the reflector and the refractor at the Frankhin Insutute m
Philadelphia.

If one wishes to study faint objects in the sky, the large lens or mirror
is valuable in that it gathers considcrable light from the objcct and brings
the light to a focus for use by the eycpiecc or by the spectroscope. Few
persons have a clear understandmg of the true value of a tclescope The
largest telescopes give our cyes the effect of pupils several feet in diameter.
If one remembers that the eye pupil has an arca of about 0.03 square inch,
it is evident that the “200-inch” mirror with an arca of 31,400 squarc inches
gathers several hundred thousand times the light that the unaided eyc can
gather. The light-gathering power depends on the area of the objective.
In this way, stars too faint to be seen by the unaided eye become visible.

F1c. 9. Telescopes at the Franklin Institute, Philadelphia, Pa. (Photo Gladys Muller.)
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In addition, the eycpiece has the property of making objects such as
planets appear larger. A star is always a point of light. In order to pro-
duce clear vision, the “200-inch” mirror has been ground to an accuracy
of onc millionth of an inch.

Tur Serciroscork. The principle un-
derlying this instrument was discovered
in 1666 by Sir Isaac Newton (Iig. 10),
who formed a spectrum by passing white
light through a prism. ‘This spectrum is
similar to the rainbow formed by water
drops in the atmosphere. A simple type
of the instrument consists essentially of a
triangular glass prism (Fig. 11). When a
narrow beam of white light such as that
coming from an clectric lamp filament or
from the photosphere of the sun falls on
the prism, the emergent light spreads our-
ward into a continuous spectrum. To
improve the spectrum we usc a narrow
slit and a system of lenses. If, instead of
white light, the light from sodium vapor M 10 Sir Tsaae New ton
or the light of a helium tube cnters the (1642:1727’). Invented the cal-
Pl‘ibm thrnugh a slit (Fig- 13), the emer- culus, discovered many of the
gent light will consist of lines of discrete ldf“ 5(°f light; Stagd fhef La}:"
colors called a hrlght lmc spectrum (Fig. (g)rc at;::‘:cﬁ?tl:sts of all tims
12). There will be no “rainbow.” We find
that every clement in the gascous state can produce a group of lines which
serves to identify the e]cmcnt, and that no two clements ever produce
lines at exactly the same place in the spectrum. For example, sodium

LENS PRISM

Fie. 11. Diagram of the prism spectroscope.

produces a line which absolutcly identifies the clement (Fig. 12). If
sodium chloride (table salt) is placcd in a flame, an amount as little as
onc-hundred-thousandth of a milligram can be dctected, so that the
chemist may use the spectroscope for analysis.

The uses of the spectroscope in modern science and industry cover such varied
fields as the detection of poisons i foods, measurement of the temperatures and dis-
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tances of stars, measurements of the temperatures in motor cylinders, a study of vita-
mins, investigation of atomic structure, identification of colors of paints, and research
in crime detection.

When we use the spectroscope to study the sun, we find a continuous
spectrum upon which are superimposed a great many dark lines, called
the Fraunhofer lines (Fig. 12) after their discoverer. (At the time of a
total eclipse, when the photosphere is covered, the Fraunhofer lines be-
come bright lines called the flash spectrum.) By means of the spectro-
scope, it has been found that 61 of the known clements certainly exist in
the chromosphere of the sun. A large part of the sun is hydrogen. How-
ever, the most striking result is that no evidence has been found that any
element is present which does not exist on the carth. Possibly the reason
that some of the other elements have not been found is that they lic deep
in the sun and do not occur in its atmosphere (chromosphere).

The spectral lines of 12 of the missing elements are principally in the
ultraviolet, and the rays do not penetrate the earth’s atmosphere. (The
element helium (belios, the sun) was first discovered in the sun by means
of the spectroscope.) Some important elements which have not been found
in the sun are gold, mercury, bismuth, radium, cesium, neon, argon, and
chlorine.

The explanation of the appearance of the Fraunhofer lines is that the
white light from the photosphcre, when passing through the cooler gases
of the reversing layer, loses a part of its intensity. Each clement—c.g.,
hydrogen—in the reversing layer absorbs from the white light (composed
of a mixture of all the colors) the same spectral colors that the element
emits as a bright line spectrum. For example, sodium, which emits the
yellow double line, will absorb light in the yellow part of the continuous
spectrum. Thus we find dark D lines in the sun’s spectrum (Fig. 14).

PossiBLE SoURCESs OF THE SuN’s I{eaT

The sun is pouring out light and heat energy at a tremendous rate.
The earth gets only a small fraction, about one two-billionth, of the total
amount radiated.? From biologic and geologic evidence, we find that the
sun has been pouring out this encrgy in about the same way for scveral
billion years. How can we account for this enormous evolution of energy
in the form of heat? Where does the energy go which does not strike the

*The solar constant of radiation is defined as the number of calorics per minute
which 1 square centimcter of the carth would reccive from the vertical rays of the
sun if there were no atmosphere around the earth. The value is about 2 calories per
minute.

F1e. 12. Solar spectrum and bright line spectra of various clements.
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Fie. 13. Viewing the bright line spectrum of helium by means of a spectroscope.
C is an induction coil which supplies current for hghting the helum tube (T) which
contains helum gas at low pressure. S is the spectroscope. B is a storage battery.

carth? Men in all ages have speculated on these questions, but as yet they
have not been answcred to our satisfaction. We may immecdiately dismiss
such idcas as that of a furnace burning coal. Were the sun made of pure
carbon and giving out heat at its present rate, it would burn up in about
2,000 ycars. Moreover, the sun is too hot to burn! The carbon dioxide

Fie. 14. An apparatus which illustrates the principle of the Fraunhofer lines. I
is a tungsten lamp which represents the photosphere; V' contains sodium vapor, rep-
resenting the chromosphere. The sodium lines are viewed by the spectroscope (S).
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produced by the oxidation of carbon w ould dissociate as fast as it was
formed. Thus the sun could not give up heat by this process. 'l “heoretical
calculations indicate that the combustion of 15 billion tons of coal cach
second would be required to produce the heat.

One of the earliest guesses was that mcteors (shooting stars) were
continually falling into the sun and that the heat developed by the col-
lisions kcpt up the temperaturc. The difficulty with this e\phmnon is
that the sun would continuously increase in mass. This, in time, would in-

crease the attraction of gravitation and upsct the solar system, with the
result that the planets would approach
the sun. Apparently, nothing of this sort
is happening.
b IIermann von Helmholtz (1821-1894),
a German physicist (sec p. 344), advanced
the theory that the sun was getting smal-
ler, and that as it contracted the tempera-
ture was increasing due to the great com-
pression of the gascous photosphere. Al-
though a good theory, there arc scrious
difficultics with it; therefore it has been
practuall\' qbandoncd Such a contrac-
tion could not have supplied sufficient
energy for the several billion ycars of the
sun’s existence,

Another idea which has been sug-

Fic. 15. Albert Einstein (1879-

). A great mathematical . . . R
physicist. He stated the principle gested is that radioactive clements in the

of ‘relatvity. His work laid the  sun supply the heat. The clement radium

foundation” for the recent dis- (see Chapter 27) has the property of con-
COVLIICS in aton’“c energ_\' A resi- -

dent of Princeton, N.J. (Cour- tinually giving out heat to the surround-
tesy, Shapley: “Galaxies,” Phila-  ings. If radium is placed in a closed con-
delphia, The Blakiston Com- tyiner, the temperature of the container
pany.) . . . .

rises and remains hlgher than the sur-
roundings. If the sun werc to contain great quantitics of radium, for
which we have no certain cvidence, a source of heat would be possible.
However, the life of radium is too short—only a few thousand years. This
heat source will not solve the problem.

A rccent theory has been brought forward as the result of the work
of Albert Einstein (Fig. 15) in his theory of relativity. Previous to this
theory, scientists believed that there were two things making up the uni-
verse, matter and energy. These were believed to be separatc entitics
Whlch could be neither created nor destroyed. Einstein predicted that mat-
ter under certain conditions can be transformed into kinetic energy, and
that energy can be changed into matter. From the theory we may calcu-
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latc that the conversion of 1 Gm. of material (for example, a few grains
of sugar) into energy is cquivalent to the burning of several thousand
tons of coal. In 150 billion years, the sun’s mass would nced to decrease
by only onc onc-hundredth of its original amount in providing the energy
which it has emitted up to the present time.

Since the speed of atoms depends on the tempcrature, at 30,000,000
degrees Centigrade (the probable temperature of the core of the sun), a
change of mass into energy may take place. This theory assumes that
the mass of the sun is decreasing at the rate of 4,000,000 tons per second.
But even at this rate most of the sun’s mass still remains. Such a theory
does predict an cventual disappearance of the sun at some future time.

Another possible source of the heat of the sun has been proposed re-
cently by H. A. Bethe. He suggests that, as a result of a complicated set
of nuclear reactions in the sun, four atoms of hydrogen combine to
form one atom of helium. Since the mass of the four hydrogen atoms is
nearly 1 per cent greater than the mass of the helium atom, this loss of
mass when changed into energy may be the source of the heat emitted by
the sun. The theory assumes that the carbon atoms in the sun act as a
catalyst in the reaction.

If four hydrogen atoms of atomic weight 1.008 are changed into one helium atom
of atomic weight 4.003, there will be a mass loss of 0.029 or 4.6 X 107 Gm. The en-
crgy produced from this mass loss may supply part of the heat of the sun (Chaprer
27).
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QUESTIONS AND PROBLEMS

L. Describe the various layers of the sun.

2. Describe the principles of reflectors and refractors.

3. What evidence is there for a rotation of the sun?

4, What is: a star? a Fraunhofer line?

5. Describe sun-spots. Have they any effect on the earth?

6. Give three explanations for the cause of the sun’s heat.

7. Describe a spectroscope.

8. Why are some elements not found in the sun?

9. If the sun were to become cooler, what effect would it have on the earth?
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10. What is astrology?

11. How do we dctermine that the sun rotates counter-clockwise?
12. How could you determine whether carbon is present in the sun?
13. How can we prove that the earth revolves about the sun?

Topics For Discussion

Sun-spots The Doppler Effect The “200-inch” Telescope
Telescopes Albert Einstein Sir Isaac Newton
Possible Sources of the Sun’s Heat

EXPERIMENTS

1. Using a spectroscope of the type shown in Fig. 13, study the line spectra of sodium,
lithum, and hydrogen. To produce the yellow lines of sodium, use a picce of
glass rod in a Bunsen flame or a roll of asbestos soaked in salt water and placed
on the Bunsen burner tube.

2. Use lithium chloride in a flame to produce the red line of lithium.

3. For hydrogen, use a hydrogen discharge tube, which can be purchased at any of
the instrument companies. Connect it to an induction coil as shown in Fig. 13.

4. If a direct vision spectroscope is available, view the Fraunhofer lines in the sun’s
spectrum. There are several inexpensive types of this instrument that can be secured
from the apparatus companies.

5. Using a piece of glass coated with lamp black, examine the sun to see if any sun-
spots are visible. Be certain that the glass is well coated mn order to protect the cyes.
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The quenchless stars, so eloquently bright
Untroubled sentries of the shadow’y night.
—RoBERT MONTGOMERY

The starry hcavens have been a source of amazing wonder to people of
all times. Shcpherds and astrologers, peasants and princes, alike have felt
a sense of awe when gazing at the night-carpeted sky. Ancient peoples
imagined that shapcs of various animals were set among the stars. There
are dogs (Canis Major and Minor), bears (Ursa Major and Minor), a
lion (Lco), a bull (Taurus), a dragon (Draco), and various birds, but
no elephants or tigers. Probably Babylonia and Persia furnished the
names of many groups of stars. Later, other constellations were named
from the heroes and heroines of Greek and Roman mythology. We have
Cepheus, Perseus, Andromeda, Pegasus, and Cassiopeia. Other constella-
tions are Auriga the charioteer, Bootes the herdsman, and Orion the hunter.
It must be emphasized that, as a rule, stars in a constellation do not have
the same distances from the earth. Their grouping is fortuitous.

The cntire myth of Andromeda is recorded in the heavens. King Cepheus and
Qucen Cassiopeia had a daughter Andromeda, who was condemned by the gods to
be sacrificed to the sea monster Cetus. The hero, Perseus, mounted on the winged

horse, Pegasus, rescued the maiden. The entire group is found in the northern
constellations.

Another intercsting story concerns Orion, the mighty hunter, who had the mis-
fortune to be loved by the goddess Diana. The sky shows Orion accompanied by his
dogs, Canis Major and Canis Minor, hunting the bull Taurus. On the shoulders of
Orion we find the great star Betelgcuse, and at his feet the star Rigel. In Canis Major
is Sirius, and in Canis Minor is Procyon. The teacher of young children will do well

to use some of these myths as stories to arouse interest in the stars and in their
positions.

The names of some stars in the constellations come from Arabia, such
as Betelgeuse, Rigel, Alcor, Mizar, Dencb, Aldebaran. Others are of
Roman origin: Capella, Vega, Spica, Sirius. Stars having names are those
which are very bright (first or second magnitude). There are 20 first-
magnitudc and 65 second-magnitude stars. The unaided eye can see under
the best conditions only about 5,000 stars. Because of its light-gathering
power, however, one could photograph by means of the “100-inch”
telescope about one billion stars (Fig. 16). Because of the enormous num-

21
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ber of stars, thousands are known only by a number or a Greek letter,
and millions have not even a number. Some of the bright stars arc de-
scribed in Table 1.

Each of these stars is a sun like our own. Fach radiatcs light and heat
energy into the surrounding space. With the exception of our sun, all
the stars arc very remotc. The nearest star, Proxima, in the constellation
Centaurus, is +.3 light years (25 million million miles) distant. This star
is not visible in northern United States. Many of the stars arc far larger
than the sun, while others are smaller. Some are very hot, others com-
paratively cool. Blue stars such as Sirius (the brightest star in the sky) in
the constellation Canis Major have surface temperatures of about 18,-
000° F., whilc red stars such as Aldebaran in the constcllation Taurus are
rather cool, 5,000° F. Morcover, it is quite certain that there are dark

Fic. 16. The North America Nebula. A star field. From a photograph by Barnard
at Mount Wilson with the 10-inch Bruce camera of the Yerkes Obscrvatory. (Cour-
tesy, Bok and Bok: “The Milky Way,” Philadelphia, The Blakiston Company.)
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Table 1
Tie Siars
., Apparent Distance| Density .
Name (,Iansrel- Magm- | Type | (Light gmm:x:rr (Water R.A. I)g:mazm
ation tude Years) Sun = 1) =1 (hrs.) | (Degrees)
Sirius . Canis —-16 A 8 8 18 0.4 6.7 —16 6
Major
Canopus. ..| Argo —-086| F 540 .. .. 64| —526
Alpha Cen-
tauri..... Centaurus| +0 05 | G 4 1.1 10 14.5 —60.5
Vega....... Lyra +0.14 | A 27 3 0.1 18.6 38.7
Arcturus. . .| Bootes +0.25 K 40 160 3 X 1074} 14.2 19.6
Betelgeuse. | Orion 1.0 M 270 400 §X1077| 5.9 7.4
Aldebaran. .| Taurus 1.05( K 57 38 5§X10785| 4.5 15.0
Antares .| Scorpius 1.2 M 250 450 4 X 1077] 16 4 —26.3
Deneb. . Cygnus 133 A 400 07 13 20 6 45 0

bodies in the sky which were once luminous but have now cooled. The
Coal Sack in the southern sky is probably a mass of dark material about
300 light years away that obstructs our view into outer space. There are
also star clusters (Fig. 17).

StAR SPECTRA

Although the sun and the planets have been studied by astronomers
for centuries, it is only within the last onc hundred years that the stars
have received special attention. In 1824, Fraunhofer was able to study
the spectra of some of the bright stars. In 1885, W. H. Pickering and
his associates at Harvard set out to photograph and classify star spectra.
After 60 years of intensive work, there are recorded measurements of
over 200,000 stars. A few of these stars have the curious property of
flaring up to intense brightness and then slowly fading. Such stars are
called 7ovae. No cxplanation for such behavior has been found. Two
famous novae are one in Aquila which was very bright in 1918, and one
in Hercules which flared up in 1934.

Fig. 18 shows various types of star spectra. Most of the lines are dark
Fraunhofer lines. A few stars show bright line spectra.

The stars show great differences in the type of absorption (Fraunhofer)
lines produced by their atmospheres, and, for convenience, have been di-
vided into classes. Class A stars, of which a good examiple is Sirius in Canis
Major, show strong hydrogen lines and lines of some metals. They are
fairly hot, having a surface temperature of about 10,000° C. Class G stars,
of which the sun and Capella in Auriga are examples, show evidence of
many metals such as sodium and calcium. The surface temperature is about
6,000° C. Class M stars have a surface temperature of about 3,000° C. and
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are distinctly reddish. Their atmospheres contain vapors of such metals as
titanium. Betelgeuse is an example. There are a few stars which seem to
have temperatures as high as 100,000° C. These are called Class O. Star tem-
peratures are measured by the thermocouple (see p. 306). It is interesting
that there are no evidences for unknown elements in any star. This is a
great aid in explanations of the origins of stars.

Locarion oF CeLesTIAL OBJECTS

In order to locate a star in the sky it is necessary to have some reference
lines. Let us imagine ourselves at the center of a great rotating hollow ball
(the celestial sphere) whose surface is studded with stars. The axis of the
earth points toward a star in this ball which is called Polaris (the North
Pole Star). A circle drawn around this ball over our Equator is the Celes-

Fic. 17. The Pleiades Cluster. From a photograph by Barnard. The Pleiades are
embedded in nebulosity. (Courtesy, Bok and Bok: “The Milky Way,” Philadelphia,
The Blakiston Company.)
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tial Equator. The point directly overhead is the Zenith. Just as latitude on
the earth is measured from the equator to the pole, so declination is the
term used to measure angular distance from the celestial equator to the
pole. (The elevation of Polaris above the horizon at any location equals
the latitude of the place. At 40° North Latitude, the altitude of Polaris is
40°.)

Instead of the term longitude we use the term right ascension (R.A.)
for star mapping. Right ascension is measured eastward from the point
in the sky where the sun meets the celestial equator at the beginning of
spring (vernal equinox). The wvernal equinox is a point on the celestial
equator with the codrdinates, R.A. zero hours, declination zero degrees.
It is located just south of the constellation Pegasus. By use of the coordi-
nates, right ascension and declination, we may locate stars in any part of
the sky. In this system, Vega in the constellation Lyra is located as fol-
lows: Right Ascension 18 hrs., 30 min.; Declination North 38.7 degrees.
(Table 1 gives the right ascension and declination for a number of the
bright stars.) For convenience, the sky is usually divided into sections.
The stars in the region north of 40 degrees North Declination are included

Fie. 20. Constellations visible in the United States, October 1, 8 P.M. and Septem-
ber 15, 9 P.M. In using this map the observer should face the south, holding the map
in a position such that Cyfnus is directly overhead. The line passing through the
center of the map is the celestial equator. This map shows the position of the vernal
equinox. Note the Milky Way.
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in the North Circumpolar group (Fig. 19). The stars in the region south
of 40 degrees South Declination comprise the South Circumpolar group.
The balance of the stars in the sky are included in the Equatorial group.

To observers in latitude 40° North, the stars of the North Circumpolar
group do not rise and set as do stars in the Equatorial group. Instead, they
appear to revolve around Polaris once every 24 hours. The center of the
map is nearly at the position of the star Polaris. The circles indicate dec-
lination. The radial lines mark the zones of right ascension.

For example, the star Alpha Aurigae (Capella) has a declination of
47° North and a right ascension of § hrs. 10 min. (These numbers are
only approximate, being read directly from the chart (see p- 26). Figs.
19-22 represent the brighter stars visible in the United States at various
times of the year.)

STAR MAGNITUDES

The casual observer is aware that some stars are much brighter than
others. On any clear night, some stars of Ursa Major, the star Vega in

Capellta®

.

»

Fic. 21. Looking south April 1, 8 P.M. and March 1, 10 P.M. In this part of the
ear Capella will be nearly overhcad. In the sky will be found Orion, Leo, and Canis
jor.

*The declination circles are spaced at 10-degree intervals. Each right ascension
line represents one hour.
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Lyra, and the star Capella in Auriga stand out as bright dots in the north-
ern sky. The astronomer uses the word magnitude to measure the relative
brightness of stars. A star of first magnitude is 100 times as bright as a
star of fifth magnitude, or 2.512 times as bright as a second-magnitude
star. Thus it follows that a first-magnitude star is (2.512)2 = 6.31 times
as bright as one of third magnitude. From Table 1 we note that Betelgeuse
in Orion is a typical first-magnitude star. The brighter stars in Cassiopeia
are of second magnitude. However, there are objects in the sky still
brighter, and for them we use zero and negative magnitudes. We note
that Sirius is —1.6 magnitude. The moon, sun, and some planets (e.g.,
Venus —4) are still brighter and these also are given negative magnitudes.

Unfortunately, this apparent magnitude is of little scientific impor-
tance, because of the fact that the stars are at different distances from
the earth. A much more important unit for scientific work is the abso-
lute magnitude.

Let us suppose that all the stars are on the surface of a great sphere
so that all are at the same distance, 32.6 light years, from the earth. The
points of light will appear in their true relative brightness.

It is of interest to compare the magnitude of our sun with that of

Fie. 22. Looking south June 1, 10 P.M. and July 1, 8 P.M. This part of the sky contains
Vega, Arcturus and Spica.
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other stars, assuming all at the distance of 32.6 light years from the earth.
Table 2 indicates that the sun under this condition is a very faint star.

Table 2

StAR MAGNITUDES

Apparent Magnitude | Absolute Magnitude

Sun .. —26 7 4 85
Sirius . —1 58 127
Polans 212 —3.65
Rigel 0 34 -5 77

DISTANCES OF CELESTIAL OB JECTS

Star distances are so enormous that it is inconvenient to indicate these
distances in miles. Instead, the term light year, is used in popular lan-
guage. This term means the number of miles that light travels in a year.
Arcturus, in Bootes, is about 40 light years distant, an expression mean-
ing that the light which reaches the earth tonight from Arcturus left
that star 40 years ago. Perhaps it is more startling to make the equivalent
statement: If Arcturus were to become dark today, we would still re-
ceive light for 40 years. Light travels in free space at a rate of 186,274
miles per second. (This means that the light comes from the moon in
about one second, from the sun in eight minutes, and from distant planets
in intervals of hours.) Since there are about 31,500,000 seconds in a year,
this means that a light year is about 6 million million miles.

SPEED OF LIGHT

The speed of light has becen determined by many observers, one of
these being Abraham Michelson of the University of Chicago. By using
a rotating mirror on one mountain and reflecting the light from a mirror
on another mountain 22 miles distant, he was able to make an accurate
calculation of the speed of light. Fig. 23 illustrates the method. Light
from the arc is reflected from the face “a” of the rotating mirror. Upon
reflection from the mirror M, the light returns and is viewed by the eye
as it is reflected from “a’.” Since the distance between mirrors was known
accurately, Michelson nceded only to determine the speed of rotation of
the spinning mirror in order to calculate the speed of light through the
atmosphere.

It is of interest to remark that the light which left Arcturus during the time of
the Columbian Exposition in 1893 was used to turn on the lights at the Chicago
Century of Progress in 1933, 40 years later. This was made possible by focusing a
telescope on Arcturus and placing a photocell (see p. 195) at the cyepiece. The



32 THE STARS

(<< ROTATING MIRROR

THIS MIRROR ON
MT. SAN ANTONIO

F1c. 23. Michelson’s method of measuring the velocity of light.

electric current produced in the photocell operated the light switch which turned
on the lights at the exposition grounds.

STAR DISTANCES

It is beyond the scope of this text to explain all the methods by which
the enormous star distances are measured. The distances of nearby ob-
jects can be determined by the method of parallax. The reader may best
understand parallax by performing the following simple experiment.
Keeping one eye closed, hold a forefinger so that it is in line with some
object on a rather distant wall. If, now, the other eye is opened and the
first one closed, the finger will no longer be in line with the object. The
finger has not shifted but the line of sight has changed.

In determining the distance of a body in the solar system, such as
the moon, two observers at observatories A and B, several thousand miles
apart (Fig. 24), may determine the apparent position of the object rela-
tive to the distant stars and thus measure the angle of parallax. This is
the method that is used by the surveyor. In determining the width of a
lake, a base line is measured along one bank. At both ends of this line
the surveyor sights a tree on the opposite shore. From these measurements
he has determined one side and the opposite angle of a triangle. It is then
a simple problem in geometry to determine the distance across the body
of water.

Similarly, in determining star distances, the astronomer at A (Fig. 25)
observes the position of the star B relative to a background of distant
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stars. Six months later, when the earth is on the other side of the sun at
the position C, the astronomer observes the new position of the star B.
The star has not shifted but the astronomer has. The base of his triangle
is 186,000,000 miles, the diameter of the earth’s orbit. One-half of the
angle between the two directions is called the parallax of the star. This is

Fic. 24. The diagram illustrates how the
astronomer measures the distance to the moon
and sun. (Courtesy, Bowden: “Foundations of
Science,” Philadelphia, The Blakiston Company.)

called the method of Heliocentric Parallax and is useful only for stars
which are less than 200 light ycars distant.

Onc of the recent methods which is of great importance is the variable
star method. There are stars in all parts of the sky which are brighter on
some nights than on others. Some of these stars, the Cepheid Variables (so
called because one of the type stars, Delta Cephei with a period of 5%
days, is in the constellation Cepheus) flare up at regular intervals in the
same manner that a fire brightens when fuel is added at regular intervals.
These variables repeat exactly an increasing brightness followed by a de-
crease. They scem to be pulsating. Moreover, the brightest of the Cepbeids
change their brightness most slowly. All Cepheids with the same time of
fluctuation have the same absolute brightness. The reason for the pecu-
liar behavior of thesc stars is not known.

Miss Leavitt of the Harvard Observatory discovered some of these
variables in one of the Magellanic Star Clouds, in the South Circumpolar
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[
Fic. 25. The diagram shows how star distances arc measured. The line AC is the

diameter of the earth’s orbit. This linc is the base linc of the triangle ABC. B represents
the star whose distance is to be determined.
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group. Since the distance of this star cloud was known already, the true
brightness (absolute magnitude of the variables could be determined.
Miss Leavitt found that the pulsation rates of these variables depended
on their absolute magnitudes. As a result, the apparent brightness and true
brightness of any Cepheid wherever found could be established and the
distance of the star determined.

Most of the nebular distances have been determined by means of the
Leavitt-Shapley Law. When a Cepheid variable has been found in a dis-
tant nebula—there are at least 40 in Andromeda—it is necessary only to
determine its period of variation and its apparent brightness. The abso-
lute magnitude can be determined and thus the distance can be calculated.

THE GALAXIES

Most of the great groups of stars and star clusters that we observe
seem to belong to a closed system or galaxy. We observe the “Milky
Way” as a cloud of distant stars forming a band about the sky, having a
diameter of about 100,000 light years. Modern investigation leads us to
believe that our galaxy is shaped like a flattened biscuit, not a sphere,
and that the rim of our “Milky Way” Galaxy is the cloud of stars which
we call the “Milky Way.” Perhaps this galaxy is rotating like a pinwheel.
It seems that the sun is one of the stars of the galaxy. It may be that the
spin of the galaxy keeps the stars in position.

Fi6. 26. Spiral nebula (M81). (Courtesy, Mt. Wilson Observatory.)
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Outside this galaxy there are millions of other galaxies, many of which
are of a spiral type (see Fig. 26). The best known of these outer galaxies
is the “Nebula in Andromeda” (Fig. 27) which can be seen by the unaided
eye on clear nights. It must be emphasized that the Andromeda Nebula is
much more remote than any of the stars of the constellation Andromeda.
The nearest outer galaxy is nearly 1,000,000 light years from the “Milky
Way” Galaxy. Some of these nebulae are as remote as 500,000,000 light
years. What is the limit of the universe? We do not know, but the sug-
gestion of Einstein that his space-time system is a closed one has attracted
much study. Perhaps the whole of space is composed of millions of
galaxies.

Tue EvoLutioN oF THE UNIVERSE

At the outset, it must be emphasized that any definite information con-
cerning the method of formation of our present universe is lacking. We
can only speculate, having as our basis the fragmentary information gained
from the heavens by powerful telescopes.

For a long time men have conjectured that the universe was origi-
nally filled with a gas without form (chaos). As time went on, this gas
tended to coagulate, forming separate bodies. These enormous bodies we
call nebulae (Fig. 28). In these nebulae the process of the formation of
the stars, which coagulated out of the formless gas, went on during
countless years. By studying the nebulae it may be possible to form some

Fic. 27. The nebula in Andromeda. (A reprint of Yerkes Observatory negative N 101.
By permission of the University of Chicago Press.)



36 THE STARS

Fie. 28. The Orion nebula. (Courtesy, Mt. Wilson Observatory.)

better ideas of star evolution and to determine the size of the stellar
universe.
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QuEsTIONS AND PROBLEMS

1. Describe the appearance of a nebula.
2, What is: a star? a constellation?
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. What is a Cepheid Variable? Why are they important?

. How can we measure the distance to a planet?

. What is meant by a class G star?

. How many miles in 10 light ycars? Answer: 59 X 10™

. What is: right ascension? declination?

. It requires 40 years for light to reach us from Arcturus. What is the distance to
the star in miles? Answer: 236 X 10"

9. What is the difference between a spiral ncbula and a galactic nebula?

10. What is meant by the “Milky Way™?

11. If you were at the equator, could you see Polaris?

12. What is meant by a second-magnitude star?

13. How was the speed of light measured by Michclson?

14. For what is Arcturus famous?

15. For what is Miss Leavitt noted?
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Topics For DiscussioN

Nebulae Variable Stars Origin of the Universe
Novae Star Distances Star Types
Star Diameters

EXPERIMENTS

1. Plot the various constellations in the North Circumpolar group (Fig. 19). Use
polar cobrdinate paper. This paper consists of concentric circles and radial lines.
The circles are used for declination and the lines for right ascension. Special co-
ordinate paper is procurable.

2. Using a test star chart such as those furnished by the Eastern Science Supply Co.,
write in the names of the principal stars from Fig. 19 of the text.

3. If desired, special sheets can be secured for the equatorial group, making it pos-
sible to plot the entire sky.

4. Choosc the maps which correspond to the seasons of the year and learn to identify
some of the important constellations. (Charts 1 and 2, pp. 432-433, will be found
useful in plotting constellations.)
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O Lady Moon, your horns point toward the east,

Shine, shine, be increased, be increased.

O Lady Moon, your borns point toward the west,

Wane, wane, be at rest, Lady Moon, Lady Moon.
—CHRISTINE RosseTTI

Next to the sun, the best-known object in the heavens is the moon.
This bright object, varying in shape from a crescent to a complete disk of
spottcd appearance, is a frequent night visitor. Unfortunately, it is in the
night sky for only part of the month and is seldom at full brightness so
that its light is not dcpendable. As in the case of the sun, from earliest
times man has endowed the moon with supernatural powers. The light
of the moon was believed capable of producing moon madness, hence
lunacy. Even today many farmers insist that unless they plant potatoes in
the dark of the moon the crop will be poor. A ring about the moon is be-
lieved to predict wet weather. There is a basis of truth in this last idea
since the ring is due to high humidity in the atmosphere of the earth, and
for this reason rain may be imminent.

GENERAL DESCRIPTION OF THE MooN

The moon is the closest celestial object, the distance from the earth
varying from 221,463 miles (perigee) to 252,710 miles (apogee). Its
diameter is 2,160 miles and it is about 14, the size of the earth. It is a dead
body having, as far as can be observed, no atmosphere and no internal
heat. This lack of atmosphere can be determined by viewing the edge
of thc moon (Fig. 29). The rim is very sharp, whereas it would be hazy
if gases were around the body. When a star moves across the edge of the
moon, it is suddenly eclipsed. If an atmosphere were present, the disap-
pearance would be gradual. At the time of a total eclipse of the sun, the
light shines between the jagged mountains of the moon, causing the
“Baily’s Beads.” These various phenomena indicate that no atmospherc
exists on the moon. The spectroscope indicates that no water is there.
Any possible atmosphere may have becn lost because the pull of gravity
on the moon was not sufficient to prevent the escape of the rapidly moving
gases and vapors (see p. 148). The force of gravity on the moon is much
less than on the carth. It is believed that most of the hydrogen and helium
on the earth have escaped into outer space because the pull of gravity

38
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was not sufficient to retain these light gases. On the moon, it is possible
that even the heavy gases, such as oxygen, carbon dioxide, and water
vapor, have escaped, leaving no atmosphere. On earth, the velocity of
escape is 7 miles per second, while on the moon the velocity of escape is
only 1.5 miles per second. (It is of interest that the distance to the moon
was determined in 1945 by radar wave propagation.)

TELESCOPIC APPEARANCE

As a contrast to the sun, the appearance of the moon in a telescope is
very interesting. One finds mountain ranges, sharp peaks, and deep
craters. There are other areas called seas because the early observers
thought that they contained some liquid. These seas are rock areas. Some
of them have interesting names such as the Sea of Tranquillity, the Sea of
Nectar, and the Sea of Dreams.

In contrast to the earth, where the peaks are rounded off by the action
of weathering, the mountains on the moon consist of jagged peaks, which
show no evidence of climatic action. There are several mountain chains,
among which are the Apennines, the Alps, and the Caucasus mountains.
The Apennines alone have several thousand jagged peaks. Were we
able to make a trip to the moon we would find walking very difficult.
The rocks are probably like rough lava,

Fic. 29. Craters on the moon. (Courtesy, Mt. Wilson Observatory.)
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Fic. 30. Meteor Crater in Arizona. (Courtesy, Trans World Airline.)

The crater-like depressions have been the subject of much study.
There are about 100,000 on the side visible to us. One of the largest
craters is named Theophilus. The floor of this crater is 64 miles wide and
contains three mountain peaks. It resembles a cup with cones at the bot-
tom. Probably the best explanation of these holes, some as large as 100
miles in diameter and several miles deep, is that they are the result of vol-
canic action. However, no direct evidence of such action has ever been
observed. Another explanation is based on the fact that the moon is
doubtless continually being bombarded by meteors (see p. 56) and these
holes may be the result of the collisions. Several examples of such action
exist on the earth. In northern Arizona near the village of Winslow there
is a crater called Meteor Crater. This hole is about one mile in diameter
(Fig. 30). Many pieces of meteoric material have been found around it.
It is believed to have been caused by the fall of a great meteorite in pre-
historic times.

On June 30, 1908, a catastrophe happened in the province of Yenisei
in Siberia. Although no one saw the event, many trees were mowed
down and thousands of reindeer were killed. Because of the inaccessibility
of the region, only after a lapse of several years were scientists able to
penetrate into the locality. It seems fairly certain that a great meteorite
fell in the region but up to the present it has not been found.

Unfortunately for the meteor theory as applied to the moon, the
craters are not distributed evenly over the surface of the moon and it is
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difficult to understand how meteor showers could be concentrated only
in certain parts of the surface.

TEMPERATURE

The temperature of the moon is subject to great changes. On the earth
the temperature is made rather uniform because the occans and the at-
mosphere retain the heat and prevent rapid changes of temperature at
night. In the daytime thc atmosphere acts as a shicld to prevent too high
a temperature. But since a lunar day is 29.5 earth days in length, one side
of the moon is exposed for a long time to the sun, and, because of the
lack of atmosphere, the daytime temperature is above the boiling point

of water. At night the temperature falls to a value lower than the lowest
temperatures on carth.

MOTIONS

The moon moves about the earth while the earth revolves about the
sun. Consequently the combined motions are somewhat complex. The
time for the moon to move about the earth with respect to the sun—the
synodic month—is about 295 days.

During this time, the moon also turns on its axis so that, as the moon
revolves once about the earth, it turns once on its axis. Fig. 31, B, represents
revolution with rotation, and Fig. 31, A, represents revolution without
rotation. Becausc of this fact, the moon always presents the same face
to the earth and man has never scen the other face of the moon. Actually,
due to small vibrations called librations, 59 per cent of the surface is seen.

PHASES

During the month, varying sections of .thc moon are scen, ranging
from a narrow disk to a full moon. In the drawing (Fig. 32), the inside
circles indicate the corresponding phases as seen from the carth.

B
Fic. 31. (A) Represents revolution without rotation. (B) Represents revolution with
rotation. In this casc an observer on the earth sces only one face of the moon.
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When the moon is in pos'ition A (conjunction) and we arc at posi-
tion “a” on the earth, the moon is in the sky with the sun in the daytime.
We do not sce it since the lighted face is invisible. This is the new moon
or dark of the moon. A weck later the moon is at position B (quadrature).
Since we are at “b” we sce onc-half the face (first quarter). During this
phase the moon is overhead at sunsct. When the moon is in position C
(opposition) and is above or below the plane of the earth’s orbit, we have
full moon at position “c” on the earth. Finally, if the moon is at position D
and we arc at “d,” the moon is in the sky at sunrisc.

Betwcen these positions we have the crescent moons beginning with
the new moon and increasing in size (waxing) until the full moon is
reached. The moon then wanes until new moon is reached.

An casy method for the demonstration of the peculiar rotation and revolution of
the moon is to mark a spot on a ball which will represent the moon and to carry
this ball around another ball representing the carth, always keeping the spotted side
facing the earthball. If an electric lamp is used to represent the sun, the phases can
be seen in a darkened room.

EcLipses
Should the moon when at position C (Fig. 32) be in the plane of the

orbit, so that the sun, moon, and earth are in line, the carth would cast a
shadow over the moon and we would have a lunar eclipse. Obviously, this

Fic. 32. Phases of the moon.

cannot occur in the middle of the day. Since the moon docs not often
get into the plane of the earth’s orbit, both solar and lunar eclipses are
infrequent at any one part of the carth. A lunar eclipse lasts much longer
than a solar one, because the earth casts a much larger shadow on the
moon than the moon casts on the earth. Although eclipses of the moon are
interesting, they are of little scientific importance (Fig. 33).

In order for a solar eclipse to occur, not only must the moon be in
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Fic. 33. Moon at M’ produces an cclipse of the sun (S) on the carth (E). The moon
at M produces a lunar eclipse. (Courtesy, Weld and Palmer: “Textbook of Modern
Physics,” Philadelphia, The Blakiston Company.)

conjunction (A), but it must also cross the plane of the earth’s orbit at
the same time. Because the moon is very small compared to the sun, the
exact conditions are not often fulfilled. If the moon is at its greatest dis-
tance from the earth, the moon’s disk is not large enough to completely
cover the sun’s photosphere. In this case we have a ring or annular eclipse.
Thesc eclipses are of little interest to the astronomer. There may be as
few as two solar eclipses in a ycar, or as many as five. Since most of these
are either partial or annular, and since, in the event of a total eclipse, the
path of totality is very narrow (about 100 miles wide), a total eclipse at
any onc location occurs very infrequently. As an illustration, an eclipse
occurred in the eastecrn United States in 1932. The next eclipse in that sec-
tion will not occur until 1963.

A solar eclipsc is a magnificent spectacle. As the moon begins to touch
the face of the sun, therc is at first no noticeable change. After about one-
half of the sun’s disk has been covcred, objects begin to cast strange
shadows. During the few scconds which precede totality, the sky has a
strange appearance somewhat like a smoky atmosphere. At the instant
before totality, the moon’s shadow comes rushing across the western
horizon like a storm; the sky is dark violct in color; the obscrver has the
sensation of approaching disaster. As thc observer gazes at the sun he may
sce brilliant beads of light (“Baily’s Beads”) as the sun shines between the
mountains of the moon. During the period of totality the corona flashes
out brilliantly; the bright stars appear; Mecrcury is visible. The appear-
ancc is that of a peculiar twilight. It is not surprising that early peoples
were terrified by the spectacle. Probably no spectacle of nature is more
awe-inspiring. Ancient peoples believed that the eclipsc was sent by the
gods as a punishment. The Scandinavians madc a great noise to chase
away the animals who were devouring the sun.

The solar eclipse is of vital importance to the astronomer because at
such a time he can study the corona, check some of the principles of the
theory of relativity, and search for new planets close to the sun. Un-
fortunately, eclipses arc not always convenicntly located for observation.
On June 8, 1937, an eclipse occurred in a region of the Pacific Ocean
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where there were only two small uninhabited islands. The importance of
this eclipse was its length—about 5 minutes of totality.

EArTH SHINE

One of the curious phenomena that we observe in connection with a
narrow crescent moon is called the “old moon in the new moon’s arms.”
As one carefully observes the lighted crescent, he may see faintly the

Fic. 34. Earth shine. (A reprint of Yerkes Observa-

tory negative M45. By permission of the University of

Chicago Press.)
rest of the face. The faint illumination on the dark part of the face is
due to light reflected from the lighted side of the earth to the moon
and reflected back from the moon to the dark part of the earth. This is
earth shine (Fig. 34).

TipEs

An important effect of the moon on the earth is its gravitational force
causing the tides. Every day, in most parts of the world, there occur two
high tides along the seacoast, coming at intervals of about 12 hours.
Between these high tides there are periods of low tides. The sun also pro-
duces tidal effects at 12-hour intervals, but these are less important since
the tide-producing force of the sun is much less than that of the moon.
Although the sun has a much greater mass than the moon, its distance is so
great that its tide-producing force is small. When the sun and the moon
are in conjunction (both on the same side of the earth) or in opposition
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(on opposite sides of the earth) the combined forces produce exception-
ally high tides called spring tides. When the moon is in quadrature (half-
way between conjunction and opposition) we have the ncap tides.

Causk. oF Tiwrs. Not until the time of Newton was there an adequate
explanation of the causcs of tidal action. The Law of Gravitation teaches
us that between any two objects in the universe there is an attraction
which depends directly upon the masses of the bodies and inversely on
the square of the distance between their centers of gravity. If M, and M,
represent the masscs of the earth and moon, and D the distance between
their centers, the force of the attraction can be expressed by the relation

MM,
F=G D

If the earth were smooth and entircly covered by water, the tides
would follow the moon in a simple manner, but owing to the varying
depth of the sea and the irregularities of the land masses, the prediction
of the time of high tide at any location requires many records of previous
tides.

In order to give a simple explanation of tidal action we shall assume
the moon to revolve about the equator of an earth which is cntirely cov-
ered by water. The water at points A and B (Fig. 35) is attracted toward
the moon by the gravitational forces represented by the lines AA’ and
BB’. These forces causc the water to flow in the directions to produce a
tidal bulge. On the other side of the earth at D and E it can be easily shown
that, since the gravitational attraction at these points is less than at the
center C, the forces produce a tidal bulge here as well. If the moon were
at rest, thesc tides would occur every 12 hours, since the carth makes one
rotation from west to east in 24 hours. However, the moon is also moving
about the earth, completing one revolution eastward in 29%; days. As
a result of these two actions, the average intervals between tides due to

the moon is 12 hours and 25 minutes, while the tides due to the sun occur
cach 12 hours.

» in which G is the constant of gravitation (see p. 288).

Fic. 35. The two tidal bulges.
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a—-FIRST A SPHERE
b—THEN AN EGG

c—BECOMING
PEARSHAPED

d—THE UNSTABLE
END BREAKS |

e—THE MOON
IS FORMED

f—EARTH

A THEORY
OF THE
MOON'S FORMATION

Fic. 36. A theory of the formation of the moon. (Redrawn from Stetson: “Man
and the Stars,” after Jeans and Darwin, New York, McGraw-Hill Book Co., Inc.)
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The height of the tide varies from 2 feet in midocean to a maximum
of 50 feet in the Bay of Fundy. At Boston, the maximum height is 11 feet,
at New York 8 fcct. The high tide in the Bay of Fundy has been studied
with a view to producing electric energy from the rise and fall of the
water at Passamaquoddy. Onc of the most unusual of the tidal phenomena
is the Pororoca of the lower Amazon at Para, where the water may rise
to a height of 20 fcet in a few minutes’ time.

OriGIN oF THE MooN

When a body is started into revolution about another and there is no
force to slow it down, it will continue to revolve under the action of the
force of gravitation. Thus the moon having been started at some time in
the past continues to revolve at a practically constant rate and probably
will continue to do so for a long time to come. There is no certain ex-
planation of the origin of the moon. Fig. 36 illustrates the theory that
the moon was separated from the earth in early geologic time. However,
there are grave objections to such an cxplanation.
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QuesTtions AND PROBLEMS

. Explain the causes of a total eclipse of the sun.

. Explain the manner of the moon’s rotation.

. Describe the phases of the moon.

. What is carth shine?

. Why has the moon no atmospherc?

‘What are the causes of tides? Describe them.

Can a lunar eclipse be seen at noon? Explain.

. What is the phase when sun, moon, and carth form a right angle?
. What do the terms apogee and perigec mean?

. Why does the moon rise at different times of day?
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Topics For Discussion

Phases Tides The Bay of Fundy
Solar Eclipses Meteor Crater
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EXPERIMENTS

1. If you live near the seacoast, predict tides for your locality by use of an almanac.

2. Map the lunar craters. Use lantern slides or moon maps.

3. Using the Nautical Almanac, which can be secured at nominal cost from the Super-
intendent of Documents at Washington, D.C,, find the time of moonrise and
moonset for the first day of each month of the year. From this information, pre-
dict the various phases of those days.

4. Make a drawing showing the various phases for each day of a month.



4. PLANETS AND OTHER BODIES OF THE SOLAR SYSTEM

Out of the deep, my child, out of the deep,
Where all that was to be, in all that was,
Whirl'd for a million aeons thro’ the vast
Waste dawn of multitudinous-eddying light—.
—ArrFrep TENNYSON

Pr.ANETS

Of all the celestial bodics that have stirred the imagination of man,
probably none is more stimulating than the nine planets, those bodies
which wander about in the heavens. Six of these were known in very early
times. The word planet means wanderer. This name arose from the fact
that the planets seemingly wandered about, their motion being relative
to the fixed stars. The casual observer will note that there are often in
the sky bright objects which do not twinkle. These objects will be found
in various positions, and at times will disappear entirely. On a certain
night Mars may be found in the location of the constellation, Leo; on an-
other night it may be located in Cancer. Or during another part of the
year, Mars will be in the sky in the morning. T'he planets are continuous
bodies which shine by reflected sunlight, and, like the earth, they revolve
about the sun in mearly circular orbits. The motions of the planets are
governed by three laws stated by Johannes Kepler (see p. 76).

Because of the revolution of the earth about the sun, the sun scems to
move eastward among the stars in a path called the ecliptic. All the planets,
as well as the moon, will be found within 9 degrees of this path. The eclip-
tic passes through the locations of 12 constellations, called constellations
of the Zodiac. These constellations arc Pisces, Aries, Taurus, Gemini,
Cancer, Leo, Virgo, Libra, Scorpius, Sagittarius, Capricornus, and Aquar-
ius (see p. 75).

Any almanac will give the signs of the zodiac as they apply to various parts of
the body. For cxample, Aries was belicved to rule the head, Leo the heart, and
Gemini the arms.

Within the last few ycars, planctaria have been constructed which simulate the
motions of the heavenly bodies. One such planetarium is illustrated in Fig. 202.

The subject of astrology was based on the different positions of the plancts among
the stars. Mars and Saturn werc believed to have a sinister effect on human af-
fairs. In ancient times, events were based on the relations of planets to the stars.
Mars ruled wars; Venus controlled love and beauty; the moon controlled disease;
Saturn provided a cold, callous nature; Jupiter was beneficent. When a child was
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born, a horoscope was cast which would indicate the course of his life. If the group-
ing of the heavenly bodies was favorable, the child might lead a fruitful life, free
from sorrow and disease. Even today many people avidly follow the prognostications
of the astrologers.

Table 3
Tue PraNETS
Mean Distance Number
Planet | from Sun (Miles) Year of Moons Stdereal Day
Mercury.... 35,950,000 88 days nonc 88 days
Venus ........... .. 67,170,000 | 225 days none uncertain
Earth................. 93,000,000 | 36514 days | onc 24 hrs.
Mars............ 141,500,000 | 687 days two 24 hrs., 37 min.
Asteroids ..... ..... Vartous small planets between Mars and Jupiter
Jupiter... ........ 483,200,000 11 86 yrs. | cleven 10 hrs.
Saturn .. . ... . 885,900,000 | 29 5 yrs. | nine 10 hrs., 30 min,
Uranus .... .. 1,782,000,000 84 yrs, four 1034 hrs.
Neptune 2,792,000,000 | 165 yrs. one 15 hrs.
Pluto 3,673,000,000 | 247 yrs, unknown | unknown

MErcury (MESSENGER OF THE Gons). This is a small planet very close
to the sun. Consequently, it is difficult to see. It is visible at the time of a
total cclipse, also at some seasons of the year, when it will be found as a
star-like body low on the horizon at sunrise or sunset. It is believed to
have no atmosphere, it probably is very hot, and it is of little interest to
the amateur astronomer. It is nearly as bright as Sirius and the tempera-
ture on the sunlit side is 350° C. Its main intercst to the scientifically
minded student lies in the fact that the theory of relativity offers an ex-
planation of its perturbed (disturbed) path around the sun.

VEnus (Goborss oF Love). The next planet in order of distance from
the sun is Venus (Fig. 37), called both a morning and an evening star.
During parts of the year, Venus is “west” of the sun and is visible before
sunrise. (A planet is “west” of the sun if it rises before the sun.) But, at
other times, it is “cast” of the sun and is visible in the west in the early
evening. For part of the year it is on the opposite side of the sun from
the earth and is not visible. It also presents phases like the moon. It is the
brightest object next to the moon in the night sky. In fact, it is so bright
that it can often be seen at midday.This gives rise to the statement that
“one can see stars in the daytime.” (Actually, a powerful telescope will
make a few of the brightest stars visible in the daylight.) For various rea-
sons, it is often called the twin of the earth. It has about the same diameter
(7,700 miles) and nearly the same mass. Unfortunately, it is one of the most
difficult planets to study. Astronomers have tried to penetrate the cloud
layer that covers the surface, but as yet no observer has ever seen the
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face of the planet. This cloud layer is not fully understood. In 1932,

smg infrared photographlc plates, Adams and Dunham found evidence
for immense quantities of carbon dioxide around the planet. So far, no evi-
dence for the presence of oxygen and water has been found. Inasmuch as
oxygen and water vapor are necessary for life
on earth, this may mean that life has never
begun on Venus. On the other hand, lifc may
be abundant under the great cloud layer.

The planet has no moon that can be secn.
The poles of Venus arc probably as warm as
our equatorial regions. No definitc evidence
for rotation has been found. The Doppler test
(sce p. 10) fails to show any evidence for
rotation.

Earra. The next in order of planets is the Fig. 37. A crescent

. . P . Venus. (A reprint of
:art?. This planet will be discussed in Chap- 70 ~ Observatory nega-
er 5.

tive P2. By pernussion of
Magrs. Beyond the earth is Mars, a reddish the Unuversity of Chicago

object (Fig. 38). Although Venus is called Press)

the twin of the earth, Mars is very nearly the counterpart of our globe.
It has two small moons (Dcimos and Phobos), rotates on its axis in about
24 hours, has seasons likc the earth, has an atmosphere which probably
contains some water vapor, although little if any oxygen, and shows polar
caps of white material. Because of the small amount of water on the
planet, astronomers believe that the polar caps are atmospheric phenomcna
(clouds) rather than ice caps.

Both the telescope and the spectroscope are used in the study of the Martian
surface and atmosphere. By the use of blue and red filters, the astronomers are able
to form impressions concerning Mars. Most of the evidence is still uncertain but it
scems that the atmosphere of Mars is very small in amount.

In 1887, Giovanni Schiaparelli, an Ttalian astronomer, announced that
he had scen long, straight, narrow (50 miles wide) streaks on the Martian
surface (Fig. 39). Since that time, many observers, including Percival
Lowell and E. E. Barnard, have studied the surface. Some agree that the
markings exist, while others claim they are optical illusions. At present,
it seems certain that the markings do exist. Naturally, this has aroused
much discussion as to whether Mars has life on its surface. It is probable
that the temperature of the planet (80° F. at the equator) is warm enough
to support some form of life. It seems possible that life of some sort, per-
haps vegetation, may exist on the planet. Even on the earth, the forms of
life are so varied that we can hardly make any speculations as to the forms
of life on another planet. The theory of evolution teaches that the more
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Fic. 38. Telescopic views of Mars, showing polar caps. (Courtesy, Mt. Wilson Ob-
servatory.)

complex forms of life have developed from simpler types, and it may be
that on Mars the process of evolution took very different paths, and that
we would not recognize as familiar any forms of life there. Until we have
penetrated the mystery of the origin of life, it is impossible to draw any
conclusions regarding other worlds.

Sy

Fic. 39. A drawing of the canals of Mars.
(After Schiaparelli.)

AstERODS. In 1801, the Italian astronomer Piazzi, while searching for
another planet between Mars and Jupiter, found a little planet which he
named Ceres. Its diameter is less than 500 miles. Since that time more than
1500 of these small planets have been found. Many of them have received
fanciful names. Some, such as Achilles, have been named after the Greeks.
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The gods are represented; various colleges are honored; feminine and
masculine names are used; pet dogs are remembered. One of the most
interesting of these small planets, Eros, comes quite near the earth (about
16,000,000 miles in 1931), and it is used as a yardstick in astronomical
calculations. It is probable that these tiny bodies are fragments of larger
bodies.

Fic. 40. Telescopic views of Jupiter. (Courtesy, Mt
Wilson Observatory.)

Juptter (Gop or THE Universe). This great body (Fig. 40), 86,000
miles in diameter, the largest of the planets, is visible in the sky for most
of the year and is easily identified by its brilliance. Not much is known
concerning the planet. Recently the spectroscope has revealed that the
outer layer of Jupiter is composed mainly of liquid ammonia and gaseous
methane (natural gas). The temperature is very low. It presents a sphe-
roidal shape owing to its rapid rotation. A most interesting feature of
Jupiter is the presence of 11 moons, two of which revolve in a retrograde
(backward) direction relative to the others. Galileo found four of these
moons by his telescope, thus confirming the theory of Copernicus that
the center of the solar system is the sun and not the earth,
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Fie. 41. Telescopic views of Saturn. (Courtesy, Mt. Wilson Observatory.)

SaturN (Gop oF TiMmE). Far beyond Jupiter lies this most beautiful
of all planets (Fig. 41). This planet, almost as large as Jupiter (71,000
miles in diameter) and rotating rapidly, is interesting because it is the
only object in the heavens that has rings. Galileo noticed a peculiarity
about Saturn, but his telescope was not powerful enough to make the
rings clearly visible. The rings are now known to be masses of small
stones (meteors), each revolving about the planet in its own path. Perhaps
they represent moons “spoiled in the making.” The appearance in the
telescope is that of three sheets of silver. Saturn has nine moons, one of
which, Phoebe, revolves in a retrograde direction, from east to west.
These backward motions of satellites prove a serious flaw in the nebular
hypothesis of the origin of the solar system (see p. 58).

Uranus. Uranus (32,000 miles in diameter), the next planet in order
of distance, was discovered in 1781 by the astronomer William Herschel,
and the planet is still called Herschel by some astronomers. He found it
accidentally while searching for new comets. The atmosphere of Uranus
also contains ammonia and methane. Its surface temperature is about 250°
below zero F. Its appearance is very much like a star, and it cannot be
seen easily with the unaided eye, being about sixth magnitude (see p. 30).
Very little is known concerning Uranus except that it resembles Jupiter in
many respects. Uranus rotates in a retrograde direction. The planet has
four moons, all of which revolve in a backward direction.

NEepPTUNE (Gop oF THE SEA). Neptune (31,000 miles in diameter) was
made known by one of the most romantic discoveries in science. Two
young mathematicians, John Adams in England and Joseph Leverrier in
France, had calculated that the disturbed motion of Uranus was caused
by the gravitational attraction of another body. This would indicate the
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presence of another planet. Leverrier wrote to the German astronomer
Johann Galle, telling him exactly where it should be found. Galle turned
his telescope to the point of the sky and found the planet less than onc
dcgree in declination (see p. 28) from the indicated spot. The planet
rotates in the direct way and has oe satellite which revolves in the retro-
grade direction. (A satellite is the scientific name for moon.) The method
of calculation involved the subject of perturbations, which refers to the
disturbance of the elliptical path.

Each body in the solar system exerts a gravitational force on every other body.
The sun attracts the earth, the moon, and all the other bodics of the solar system.
The carth also attracts each of the other bodies. The result of this is that all the
paths are irregular in shape. It was found that Uranus differcd from the path that
it should have pursued. The inference was that an unknown body was exerting a
gravitational pull on Uranus. The body was found to be Neptune.

PrLuto (Gon oF THE UNDERWORLD). In 1930, the world was startled
by thc announcement of a new planct. This planet was given the name
Pluto. After the discovery of Neptune, astronomers found the perturba-
tions of Uranus were not completely accounted for. Various investigators
set themselves the task of predicting the position of another new planet.
Percival Lowell was one of the most constant searchers, and it is a tribute
to his memory that, although the discovery was not made until after his
death, his calculations made the discovery possible. The image of the
planct was found on a photographic plate by a young assistant, C. W.
‘Tombaugh at the Lowell Observatory. Actually the planct is very faint
and little is known about it.

CoMETs AND METEORS

Any casual observer of the sky is familiar with the meteors (“falling
stars”) which flash at frequent intervals across the sky. Occasionally, these
objects are very large and brilliant, being called “fireballs.” Meteors are
really small rocks which have entered our atmosphere and have been
heated by friction with the air. They are visitors from outside space and
are at an average height of about 70 miles.

Millions of meteors entcr the earth’s atmosphere daily and at certain
seasons there are metcoric showers. We have the Perseids in August, the
Lyrids in April, the Andromids in November—all named for the part of
the sky from which they seem to radiate. Such showers seem to be as-
sociated with comets. It is quite probable that every meteor shower rep-
resents a disintegrated comet.

Most meteors burn up at heights of perhaps 30 miles, but at rare inter-
vals the large ones fall to the earth as metcorites. At least a thousand of
these meteorites are preserved in museums. The largest is the Hoba which
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Fic. 42, Iron mecteorite—60 tons. (Courtesy, Natural History Magazmne.)

fell in Africa (Fig. 42). One from Greenland was brought back by
Perry and is now in the Hayden Planetarium in New York City.

Man has always regarded the fall of meteorites with awe. This is nat-
ural since they are visitors from outside the earth. It is belicved that many
ancient images of the gods were cut from meteorites. The Kaaba at Mecca
contains a large meteoric relic. The famous statue of Diana was prob-
ably of meteoric origin. It is remarkable that, as far as we know, no mete-
orite has ever killed a human being. As stated in Chapter 3, it is believed
generally that Meteor Crater in Arizona was formed by an enormous
meteorite which fell about 50,000 years ago. Mention has already been
made of a great meteorite which fell in Siberia in the year 1908.

Closely associated with meteors, and perhaps the source of the ma-
jority of them, are comets. There are several hundred thousand of these
objects in the solar system. Few of them ever become visible to the naked
eye. The important ones have always been noted for their long tails
(Fig. 43). (The word comet means “long-haired.”) Comets move in
paths which carry them far out in space, but they are all believed to be
a part of the solar system. They do not all follow the ecliptic, and the
orbits seem to be greatly elongated, perhaps extending far outside the
orbit of Pluto. They apparently consist of small rocks and an envelope
of gas, principally carbon monoxide, carbon dioxide, and cyanogen. (We
obtain this evidence by the spectroscope.) People in all ages have been
frightened by the appearance in the sky of these curious objects. The
astronomer Edmund Halley found that the bright comets which ap-
peared in 1531, 1607, and 1682 in reality were reappearances of the same
body. He correctly predicted the return of this comet in 1758 and as
a result the comet has been called Halley’s comet. It reappears every
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75% years. It was last visible in 1910 and will return in 1986. Comets
shine mostly by their own light.

There are three types of meteorites. Some are composed of metallic
iron and nickel (siderites) while others are stony in character. The stony
type contains no new elements but has some unusual structures and com-
pounds. These rocks have hydrogen, helium, carbon dioxide, and nitro-

Fic. 43. The Brookes comet. (A reprint of Yerkes Ob-
servatory negative C104. By permission of the University
of Chicago Press.)

gen, but no free oxygen. About 30 of the known elements have been
found in meteorites. Some phosphides and carbides have been found in
these mysterious objects.

ORIGIN OF THE SOLAR SYSTEM

The solar system consists of the sun, 9 planets, 26 satellites, 1500
asteroids, and 1,000 comets. Since al] the planets are much nearer the sun
than is any star, it is practically certain that the sun is in some way re-
sponsible for the evolution of the solar system. The most distant planet,
Pluto, is less than 4 billion miles from the sun, while the nearest star,
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Proxima Centauri, is about 25,000 billion miles distant. It is remarkable
that all the planets travel about the sun in the same direction. The sun
rotates in the same direction that the plancts revolve. The moons, with a
few exceptions, revolve about the planets in the same direction as the
planets revolve about the sun. Nearly all the planets rotate in the same di-
rection as the sun. Any satisfactory theory of the origin of the solar sys-
tem must be able to explain the uniformity of motion.

There are scveral theories which are worthy of consideration. It must
be emphasized that no theory rests on any very definite basis of fact and
that onc must consider each with an open mind. Moreover, no theory
offers an explanation of ultimate creation.

Ture Nesurar Hypornesis. This theory was presented in 1796 by
the astronomer Picrre Laplace. He reasoncd that the sun originally cx-
tended out to the limits of the solar system, several billion miles. Per-
haps the sun resembled a nebula, hence the name of the theory. The
gaseous body was rotating and was very hot. As the mass cooled and
lost heat by radiation, it contracted, and, because of the conscrvation of
momentum, began to rotate faster until it lost a ring of matter from its
equator.

A simple illustration of the principle of conservation of momentum is to whirl
a ball at the end of a string and allow the string to wind around the forefinger. As
the length of the string becomes shorter, the ball moves more rapidly.

This ring of material formed a planet. Other rings were formed as
time went on, and so the solar system evolved. Theoretically, such gaseous
rings could not form spheres, but would remain in a form like the rings
of Saturn. The retrograde motions could not be accounted for. Ncverthe-
less, the theory offered a great ficld for study and was partly responsible
for the work of Darwin on “The Origin of Species.”

Tue Praneresimar HyrpotHesis. The theory of Laplace conjectured
that the sun by its own motions formed the plancts. In contrast to this,
we have the two star theory of Thomas Chamberlin and F. R. Moulton,
two professors at the University of Chicago. In 1900, they advanced the
theory that, in the passage of time, our sun came near another star (a star
without planets) whose gravitational pull caused many small bodies to be
torn away from the sun. In time, these small bodies coalesced into the
present plancts. This theory is called the Planetesimal Hypothesis.

Tue Twar THrorY. An improvement on the Planetesimal Hypothesis
is the Tidal Theory devcloped by the astronomer James Jeans (Fig.
44). The initial idea is that our sun was aided in the evolution of the solar
system by the close approach of another star which has since left the
vicinity. Suppose that a few billion years ago such a star approached our
sun close enough to be in the range of our present solar system. This star
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was very large and our sun was a gaseous body. Because of the enormous
gravitational attraction exerted by the star, two long prominences were
thrown out from the sun. One of these tidal strcamers (A) was raised
on the side adjacent to the star, and the other (B) on the opposite side,
in a manner similar to the water tides on the earth. As the star moved for-
ward, the streamers were set into revolution and they coagulated into
rotating spheres, the planets. The moons were formed subsequently. The
larger sphercs absorbed the smaller ones and the solar system slowly as-
sumed the present form. Assuming that this hypothesis provides a sub-
stantially correct dcscription of the evolution of the planets, the earth

Fic. 44. The tidal theory of the origin of the solar system.

grew around a nucleus by gathering to itself gas and stones. The comets
and meteors are bodies which were not absorbed by the larger ones.
When the earth became large cnough, it began to retain an atmosphere.
Some time after this, life appeared.

THREE STAR AND DOUBLE Star Throries. Two other theories worthy
of mention are the Three Star Theory and the Double Star Theory. Ross
Gunn considers the solar system to have been formed by the fission (divi-
sion) of a very large star into our sun and another star. Between these two
bodies, many little bodies remain which form our plancts. Many of the
known stars are double and triple stars, a fact that makes this theory a
possible solution of the problem of planet origin (Fig. 45).

How WiLL THE WorLp Enp?

Most scientists believe that planets are like human beings. They are
born; they grow old; they die. Perhaps Venus is young, the earth is ma-
ture, and Mars is old.

However, there are certain lines of evidence which lead to the belief
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that the earth may be destroyed by some catastrophe before it dies a
natural death in the evolutionary process.

Were the moon to approach the earth to a distance of 100,000 miles
instead of its present 240,000 miles, the mutual gravitational attractions
might pull great meteors from both moon and earth, destroying all life.

All theories of the cause of the sun’s heat lead to the conclusion that
the sun will become cold at some time in the future or perhaps it will ex-
plode as it becomes a nova. In either case, life will disappear. Perhaps a
comet will strike the earth head on and destroy life.

Fic. 45. The fission theory of planet for-
mation. (Courtesy, Science Service.)

Fortunately for our peace of mind, there is no evidence that any of
these cataclysms will occur in the near future. We feel certain that the
earth, sun, and moon have not materially changed their structures and
relative positions in the last billion years.
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QuesTtioNs AND PrROBLEMS

. Compare Mars with the earrh as to the possibility of the existence of Ife.
. Explain clearly the ideas in the theories of the origin of the solar system.
. Distinguish betwcen rotation and revolution.

. What are shooting stars?

. Would it be dangerous for the earth to colhide with a comet?

. Name the constellations of the ecliptic.

. Why is Venus difficult to study?

. 'What do we know about Jupiter?

. How was Neptune discovered?

. What is a meteorite?

. What is the “evening star”?

. Venus is seen often as a crescent. Fxplam.

. List the plancts in order of their distance from the carth.

. Is Jupiter ever a crescent shape? Explain,
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Torics For Discussion

Metcorites The Kaaba at Mccca Halley’s Comet
Nebular Hypothesis The Fission Theory of Ross Gunn Mars
FXPERIMENTS

1. Make a distance chart of the planets.

2. Draw the planet faces.

3. Use the Nautical Almanac to find the time of planet appearance for cach month
of the year.

4. Draw a horoscope for the day that you study this chapter. (For this purpose, use
the Nautical Almanac or any almanac found at your bookstore.)



5. THE EARTH AS A PLANET

Many an acon moulded earth before her bhighest, man, was born,
Many an acon too may pass when earth is manless and forlorn.
—AvLFreD TENNYSON

Naturally, the most 1mportant planct to us is the earth. Our planct,
becausc of its rotation, is an oblate spheroid and not a sphere. The earth
has a diamecter of about 8,000 miles (7,927 miles at the equator), and
weighs about six sextillion tons. It has an atmosphere containing, among
the other gases, oxygen, water vapor, and carbon dioxide, threc sub-
stances which are essential to life. (See Chapter 11.) Becausc of the in-
clination of the axis of rotation to the plane of the orbit, people on the
carth expericnce a change of seasons. The earth rotates on an axis once in
24 hours, and revolves about the sun at a speed of about 1,000 miles per
minute, making the complete circuit in 365% days, or a year. It travels in
an elliptical path. In this path the earth is closest to the sun in January
(perihclion), and farthest away in July (aphelion). The difference is about
3,000,000 miles. The carth has one satellitc, the moon.

THE SEASONS

One of the most intcresting of the many phenomena that the inhabi-
tants of the temperate and polar zones of the earth experience is the cycle
of the seasons. During the year, the sun apparently moves north to a posi-
tion above the Tropic of Cancer, and south to a position above the Tropic
of Capricorn. (In January, Chile and Paraguay are having their hottest
weather. People there arc likely to be at the beaches, and wearing summer
clothing. In the samc month, the United States is experiencing its coldest
weather. Conversely, in July the United States has hot weather, and Chile
is in the midst of winter.) As a result, the temperature varies greatly dur-
ing the period, causing the scasons.

There are three principal causcs for the change of seasons. One of these
is the variation in the length of day and night during the ycar. Secondly,
less cnergy is received on each square mile of area in the winter season,
owing to the obliquity of the sun’s rays. The third very important rea-
son is that, when the sun is low on the horizon, the radiation must pass
through a great thickness of atmosphere, and, as a result, much of the
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Fic. 46. The positions of the axis of the earth during the solar year. (Courtesy,

Bowdcn: “Foundations of Science,” Philadelphia, The Blakiston Company.)

total radiant energy is absorbed, only a part reaching the earth to produce
heat. Consequently, despite the fact that the carth is nearer the sun in
January than in July, the northern hemisphere is colder in January, since
a change in distance of 3,000,000 miles produccs only a 7 per cent change
in heat received on the earth.

Consider a square mile of surface at the Tropic of Cancer. On or about
June 21, when the sun is shining directly on this region, this area receives
a certain amount of solar radiation or insolation. On or about December
21, when the sun is shining directly on the Tropic of Capricorn, the rays
strike the surface in the region of the Tropic of Cancer obliquely, and
each square mile receives less energy.

The ecarth is rotating on an imaginary axis which is tilted 23% degrees
from the perpendicular to the plane of the orbit (Fig. 46). Its motion
resembles that of a spinning top revolving about a point on the floor.
On December 22, the north pole is tilted away from the sun, and for sev-
eral weeks the sun never illuminates this pole. This is the northern winter.
In the northern hemisphere during this period, nights are longer than
days. In the latter part of December, at Philadelphia, latitude 40 degrees
North, the day is about 9 hours long; at Winnipeg, latitude 60 dcgrees
North, the day is 8 hours long. During the 15 hours of night at 40 de-
grees North Latitude, the loss of heat by radiation out into space is greater
than the nine hours’ reception of energy. When the earth is at the equinox
positions, the sun shines dircctly on the equator and the days and nights
everywhere are of equal length. This usually occurs on March 21, and is
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the Vernal Equinox. Likewise we have the Autumnal Equinox in Sep-
tember.

As spring progresses in the northern hemisphere, the sun rises earlier
each morning and séts later each evening until June 21. On June 21, peo-
ple at 40° North Latitude receive radiant energy during the entire 15
hours that the sun is above the horizon. As a result, the temperature of
the northern hemisphere is increasing day by day and the sun shines more
nearly overhead. Both of these factors raise the temperature.

In Junc and July, the north pole is tilted toward the sun and it is illu-
minated during the entire 24-hour day (Fig. 47). On June 21, Hammerfest
in northern Norway has sunshine for the entire 24 hours (Midnight Sun).
Even in Denmark, twilight lasts all night during the month of June. Points
inside the Arctic Circle would not be able to ceclebrate with fireworks on
July 4th because of the continuous daylight. However, because of the
obliquity of the sun’s rays, the polar regions ncver get very warm ex-
cept for brief periods. On the other hand, during the northern winter the
people inside the Arctic Circle do not see the sun for many days.

Although the northern hemisphere receives its greatest amount of heat
from the sun on June 21, this date does not usually represent the hottest
part of the year. July and August usually have the hottest weather. Dur-
ing the spring, more heat is received than is radiated away and the tem-
perature rises. Some time after June 21, the amount radiated is much less
than the amount received, so that we have the warmest weather. After
some weeks, the temperature begins to decline. The more dense the at-
mosphere, the greater the lag of temperature behind the sun’s heat. As

Fic. 47. The Midnight Sun at Etah, Greenland. Photographs taken at 20-minute
intervals. (Courtesy, Baker: “Astronomy,” New York, D. Van Nostrand Co.)



EVIDENCE FOR ROTATION 65

has been stated (Chapter 3) there is very little lag of temperature on the
moon because of the lack of atmosphere there.

Evipence For RoraTiOoN

The fact that the earth turns on an axis was suspected by early ob-
servers and was predicted by Copernicus, but it was not until 1851 that
L. Foucault performed the experiment which dcfinitely proved the fact.
He hung a heavy iron ball by a wire 200 feet long and allowed it to
swing over a bed of sand. A pin on the bottom of the ball cut a new
path each swing, showing that the earth was turning under the pendulum
(Fig. 48).

%f a pendulum bob at the equator is suspended by a wire and started
swinging, there will be no change of path during the day. On the other
hand, if the pendulum is swinging over the pole, the path of swing appar-
ently will change. The bob will trace a new path each swing so that in
24 hours the pendulum bob apparently will have changed its path by
360 degrces. Actually, the path of swing does not change since the point
of support is a special mounting which cannot twist the wirc. At New
York, 42° North Latitude, the period of rotation is 32 hours. The pendu-
lum is started in a North-South direction, and, being in the northern hemi-
sphere, the planc of the swing seems to rotate in a Northcast-Southwest
direction. Evidently the room in which the pendulum is mounted is turn-
ing around and the sand bed is rotating under the pendulum. At latitudes

Fic. 48. The Foucault pendulum at the Franklin Institute. The heavy ball is sus-
ended by a wire nearly 100 feet long. At the right is shown a small model of the
mstrument. (Photo Gladys Miiller.)
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between the equator and the pole, the path change depends upon the lati-
tude. The motion has been observed at many points on the earth’s sur-
face. We have here a direct visible proof of the rotation of the earth
on its axis.

EArRTH STRUCTURE

For purposes of study, scientists divide the carth into spheres (Fig. 49).
The inner sphere is called the centrosphbere. Surrounding this is the surface
rock layer 40 to 60 miles thick which
CTRaeRE  is called the lithosphere. Upon this
o MLES lies the water laycr, the hydrosphere,
and the air laycr, the atmmosphere. We
shall discuss only the centrosphere in
this chapter, reserving treatment of
the others for subsequent chapters.
CenTrOSPHERE. A study of the in-
terior of the earth is of necessity based
upon indircct information. The theory
of Laplace predicated that the center
Fii. 49. The spheres of the earth. of the earth “.’as a liqu?d 0]1 which
floated the solid crust like ice on a
lake. Several facts seem to disprove this theory. If a hardboiled egg is
caused to spin it will rotate freely, but a fresh egg refuses to spin. The
cxplanation is that the spinning of the soft cgg is stopped by the friction
of the liquid inside the shell. In the same way a liquid center in the carth
would have caused the earth to stop rotating long ago. Moreover, the
crust would not float on top of the liquid since solid rock is denser than
molten rock. On the other hand, some studies of earthquake propagation
through the center indicate that there is a spherical core about 4000 miles
in diameter which is in a plastic state. Perhaps the core resembles a dense
liquid under great pressure. (Other studies indicate that the core is solid.)
Above this lies a layer about 2,000 miles thick. This layer is covered by the
basalt layer. Over all lics the lithosphere. (Perhaps the center of the earth
is a core of iron. In Greenland we find great blocks of iron which may
have come up in ancient lava.)
There is general agrecment that the center of the earth is very hot. In
some gold mines which arc over a mile deep, special cooling systems must
be provided to keep the temperature low enough for the workmen. Hot

springs, geysers, and volcanoes all indicate a high temperature deep in the
earth.

OLRTROSPHERE
7800 MILES

THE VOLCANO

There is no more awe-inspiring spectacle on the earth’s surface than a
volcanic eruption. Recently, due to the motion pictures, the airplane, and
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the radio, many persons have had the opportunity of having a ringside
seat at the 1928 eruption of Krakatoa in the Malay Archipelago, and the
outbreak of the new volcano, Paricutin, in Mexico.

Those who have visited the western part of the United States have
been thrilled by the sight of the cones of Mt. Rainier in Washington, and
of Mt. Shasta and Mt. Lassen in California. Many of us have been charmed
by the beauty of Crater Lake (Fig. 50) in Oregon, which lies in the abyss
once occupied by the cone of an ancient volcano called Mt. Mazama by
the geologists.

Many persons have had the good fortune to visit Hawaii, where Mauna
Loa and Kilauea (Kilawaya) still pour out lava and gases.

In the southwestern part of the United States, the traveler finds evi-
dence of extensive volcanic activity in fairly recent geologic time.

A volcano gives us information as to the structure of the basalt layer.
From the volcano there issues molten rock called lava, as well as steam,
dust, and various gases. The lava is usually composed of feldspars, quartz,
mica, and hornblende (see Chapter 9). The explosions are due to the
steam and other gases which are dissolved in the lava. The only reason
that some volcanoes are mountains is that they have built up the peaks
by repeatedly pouring out molten rock which, in time, forms the cone
and later the mountain. Cotopaxi in Equador is 19,000 feet high. The new
volcano in Mexico began to form a cone in 1943.

Fic. 50. Crater Lake. This deep lake rests in the crater of an ancient volcano. The
cone in the center is called Wizard Island. (Courtesy, Oregon State Highway Com-
mission.)
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A volcano is a channel which opens up a connection between the
basalt layer and the surface of the ground. Possibly the cause of the erup-
tion is that the molten rock, which is under tremendous pressure, reaches
the surface through faults or channels formed by warping or carthquake
faulting. The rock is heated above the melting point (temperatures of
about 2000° F. have been recorded in volcanic lavas) but normally is
kept solid by the great pressures. When the pressure is relcased, the rock
melts. The violent eruption of a volcano may be compared to the boiling
of a pot of mush. As the mush thickens, the steam will form large bubbles,
and, if it is not stirred, the mixture will overflow. In like manner, the
dissolved gases in the molten rock cause the outrush of lava.

There are, in general, two types of volcanoes. There is a type, of
which Vesuvius in Italy (Fig. 51) and Peléec in Martinique are examples,
which pours out the materials explosively, sometimes burying and asphyxi-
ating the entire surrounding territory. The eruption of Mt. Pelée in
1902 killed 30,000 people by poisonous gases. Another type, like Mauna
Loa in Hawaii, pours out lava in a quiet river-like stream, erupting about
once every four years. Dr. Jaggers has maintained a Volcano Observatory

Fic. 51. Vesuvius under ordinary conditions. (From Tarr and Von Engeln: “New
Physical Geography.” By permission of The Macmillan Company, publishers.)
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in the crater of Kilauea in Hawaii for some years. As a result of his ob-
servations, often made at the risk of his life, scientists have now a fairly
accurate picture of the operation of volcanoes. The word extinct is often
applied to volcanoes. This is misleading because volcanoes often re-
main dormant for hundreds of ycars, then suddenly break forth. Mt.
Somma was dormant for 500 years before it erupted in A.D. 79, bury-
ing Pompeii to a depth of 30 feet. There have been about 30 volcanoes
active since 1920, Java alone has many active ones.

EARTHQUAKES

‘The best method of investigating the centrosphere is that of earth-
quake study. An earthquake is the sudden shifting of the earth’s crust.
Down deep in the lithosphere there occurs a twist, a fold, or a break
in the rock. Rocks are elastic, but, if the stress becomes too great, the
rock layer may split apart and slip, causing a fault. An carthquake comes
as a sudden shock accompanied by waves passing over the ground. The
average carthquake is of short duration, lasting only a few seconds. For
cach earthquake there are three quivers. The first wave called a P (pri-
mary) wave or “push” is a longitudinal, or compressional onc, travcling at
a speed of about 8 miles per second. This wave passes through the centro-
spherc of the earth. It is followed some seconds later by an S (transversc)
or “shake” wave which likewise passes through the centrosphere. There is
also a slower L (surface) wave which travels in the surface rock (litho-
sphere). 1t is this wave that causes most of the damagc to buildings.

Earthquakes occur frequently in the lithosphere and no part of the
carth’s surfacc is immune. However, they occur more frequently in re-
gions where the continental shelf is very steep, and also in the region of
active volcanocs. The regions along the Pacific Coast, including Japan
and California, seem to bc danger points. An carthquake in Japan in
1923 killed ncarly half a million people. Expericnce has shown that
flimsy buildings on soft rock are dangerous. Modern concrete and steel
structures crected on bed rock secem to survive the effects of carthquakes
best. Farthquakes bencath the ocean cause great waves which are very
destructive. A rather destructive carthquake occured in Seattle, Wash-
ington, in 1949,

Science has devised an interesting instrument for the study of earth-
quakes. It is called a seismograph. The earlier types of this apparatus con-
sisted of a heavy pendulum hung over a blackened surface. Fig. 52 is a
schematic diagram illustrating the operation of this type of instrument.
The base of the instrument is mounted on bed rock. The essential parts
are a rotating cylinder and a heavy pendulum bob carrying a pointer.
When the bed rock shakes, the base and the cylinder are jarred and moved
before the pendulum can get into motion. As long as no shock affects the
instrument, the pointer traces a straight line on the cylinder. If earthquake
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shocks occur, a sudden oscillation causes the pointer to make a mark at
right angles to the straight line, the length of this mark indicating the
severity of the shock. Due to the three quivers just mentioned, therc arc
three types of oscillation of the pointer. The primary and sccondary
waves produce short vibrations, while the surface wave causes the indi-
cator to cxecutc a long vibration. The direction of motion of the P and S
waves give us the information concerning the various shells of the carth’s
core.

Fic. §2. The pendulum seismograph. (Courtesy,
Professor Lynch, Fordham University.)

The vibrations of an actual earthquake which occurred in Turkey in
1939 are illustrated by the traces of Fig. 53. This set of waves was re-
corded by the Harvard University seismograph. It will be noticed that
the trace really consists of three parts, onc for each type of wave. Ap-
parently the earth is as rigid as steel to sudden shocks and rather plastic
to slow movements.

The newest type of seismograph consists of a horseshoe magnet with
movable pole picces. As the pole pieces vibrate, they change their posi-
tions relative to the magnet and a current of electricity is induced in the
wire coils wound on the magnet arms.

AGE OF THE EARTH

Most scientists believe that the earth grew by absorbing other meteoric
material. As the size increased, it was compressed and thus became hot.
Radioactive material added to the heat. As conditions became suitable,
gascs began to accumulate from the rocks and, as a final stage, water
vapor was formed.

Many estimates have becen made of the age of the earth. At best these
are inaccurate, but a brief description of some of the evidence will be of
interest.
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By observing how much of the matcrial is deposited in the oceans year
by year, we can estimate the age of various mud and marl deposits. ‘We
can form some rough estimates of the agc of a river by obscrving how
much digging it docs in a year. Records show that the Horseshoe Falls
of Niagara have receded about 1000 fect in 265 years. This makes it prob-
able that the falls are about 20,000 years old.

We shall sce (Chapter 7) that certain rock formations have becn de-
veloped in certain specific ways. Sandstone has been formed by the
cementing of sand particles. Coal beds, by their plant fossils and imprints,
indicate that at one time there was luxuriant flora in marshy land. Lime-
stone has been formed by the accumulation of sca shells and skeletons
under watcr; hence when we find a limestone layer we know that the
land was submerged beneath the ocean. From such geologic evidence we
know that North America has been flooded by oceans at least 15 times
since the Protcrozoic era (see p. 91).

One of the methods of qtudying the age of the earth is that of radio-
activity. Radioactivity is a process in which the atoms of an element go
through a process of change and become atoms of a new element. Man
cannot influence this natural process by any known means. Only a few
elements have this property. We know that the element uranium (Chapter
27) slowly disintcgrates, becomes radium, and, after a space of several
billion ycars, will become radioactive lead. This study is made easier be-
cause various radioactive leads have different atomic weights. The ura-
nium-radium-lead content of the lithosphere is studicd and an estimatc is
formed of the time during which the process has been taking place. Such
studics indicate that the carth’s crust is several billion years old.

Another intcresting method for determining the age of the earth is to
study the saltiness of the sea. We can calculate the amount of salt carried
by the rivers into the sea cach year by taking samples of the water of
great rivers and estimating the total volume of water entering the occan
each ycar. It has been estimated that about 160,000,000 tons of salt are car-
ricd to the occan cach year. If we also calculate the amount of salt in
the oceans and divide this by the salt carried each year, we arrive at the
figure of 100,000,000 years. This assumes, of course, that the oceans
originally were filled with fresh water.

Salt in the ocean
Salt carried by the rivers each year

= Agc of the ocean

It is apparent that these studies lead to the result that the earth is of
great age. We have of course no direct evidence as to the time which has
elapscd since the solar system was evolved. Science has progressed far
since the pronouncement of Bishop Ussher in 1654 that “creation took
place at 9 A.M. on the 26th of October in 4004 B.C.”
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QurstioNs AND PROBLEMS

. Give evidence that the earth is rotating on an axis.

. What is the cvidence that the center of the carth 1 hot?

. What 15 the character of the centrosphere?

- What cvidence does an earthquake give as to the character of the centrosphere?

. What do we learn from volcanoes?

. Explain why our hottest weather occurs in July rather than June?

- What is the cause of the Midnight Sun?

- Give three causes of the changes of scasons.

. Is it correct to say that “the northern hemisphere has winter because it is farther
from the sun’?

10. How can we determine the age of the carth?

11. If the earth’s axis were perpendicular to the planc of the orbir, what would be

the type of scasons?
12. What is meant by the term “perihelion distance™?
13. How can we prove that the carth 1s round?

T 0O NN R W N e

Torics ror Discussion

Volcanic Eruptions Geysers Mt. Everest

Earthquakes Age of the Earth Crater Lake

The Foucault Pendulum ‘The Midnight Sun Seismographs
VisuaL A

“TI'he Earth in Motion,” University of Chicago Film

ExpreRINMENTS

1. Make a field trip to a mine, quarry, or road or railroad cut. Fxamine the various
layers of rock.

- Locate volcanoes on a world map. Conncct them with a line. You will find that
most volcanoes lic along one of three lines.

- Make a drawing showing changes of scasons.

. Try to spin a fresh egg. Why is it difficult? Cook it and try again.

. Make a report on some limestone cave in the vicinity.

- If the building has a stable foundation, hang up a heavy bob as a Foucault pendu-
lum and observe the apparent shift of the plane of rotation. In the temperate zonc,
it will change about 10 degrees per hour.

~
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Time and the bour runs through the rougbest day.
—SHAKESPEARE

For ages man has attempted to use the hcavenly bodies to record the
time of certain events, such as wars, religious festivals, and great calami-
ties. The two objects which first suggested themselves as timekcepers were
the sun and the moon. Most ancient peoples and the savage tribes have
used the interval between two full moons as a mecasure of time. It is in-
teresting that the word month comes from the word moon.

The Mohammedans use the lunar year consisting of 12 months, some
having 30 days and some 29 days. The sacred month of Ramadan is the
ninth month of the year. Each month begins with the rising of the new
crescent moon. Because the moon makes a revolution about the earth in
about 29 days, there is not an exact number of full moons in a year of
365 days. There are 12 full moons and about 15 days. As a consequence
the month of Ramadan may occur at any season of the year. This is very
unsatisfactory.

The ancient Chinese had a calendar consisting of 12 months to which
they added one month in every 30. Their new ycar began with the first
full moon after the sun entered the constcllation Aquarius.

It will be of interest to describe the Chinese calendar in some detail since it illus-
trates clearly the difficulties of lunar calendars. Because of the fact that the solar
year of 365 days determined the scasons, while the lunar year was only 354 days, it
was necessary to insert seven months in every 19 years to regulate the seasons. The
rule for intercalations was as follows: the vernal equinox must fall within the sec-
ond month. If the seasons occur so that the second month contains no equinox, the
third month becomes the second month. The summer solstice must fall in the fifth
month, the autumnal equinox in the cighth month, and the winter solstice within the
eleventh month. Modern China now uses the Gregorian calendar.

SiperReAL TIME

The earth rotates on its axis in exactly 24 hours sidereal time (star
time). If Vega in the constellation Lyra is on the observer’s meridian (a
line passing through the zenith from the north pole to the south pole)
at 18 hours sidereal time, the star will be again on the meridian exactly 24
hours later. This is the time that is preferred by the astronomer. (Zero

74
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sidereal time at a place is when the vernal equinox is on the meridian of
the place. Sidereal time is measured from zcro to 24 hours.)

Becausc of the fact that the earth is continually moving around the
sun, completing the circuit in a year of about 365Y% days, the sun, each
noon, seems to be about one degree farther east among the stars than it
was the day before. The various positions of the sun among the stars are
called the Zodiacal positions (see p. 49). On June 21, the sun is said to
be passing through the constellation Canccr, and on December 22 it is
said to be in the region of Capricornus. (It is interesting to note that the
present positions are really Gemini and Sagittarius because of a shift in
the earth’s axis during the 3,000 years which have passed since the Zodiac
constellations werc first allocated.) In Fig. 54, if the month is June, the
sun seems to be in the direct of Gemini. As the earth moves about the sun,
the sun seems to move among the stars. This motion of the earth has the
result of causing the stars apparently to cross the meridian about 4 min-
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Fic. 54. A drawing illustrating the sun's apparent motion among the stars. For
example, if the carth is in the position marked June, the sun seems to be in the direc-
tion of star A. (Courtesy, Duncan: “Astronomy,” New York, Harper and Bros. Used
by permission.)



76 THE EARTH A CLOCK

utes earlier each day than on the preceding day, if we reckon by sun
(solar) time. Thus the sidereal day is 23 hours, 56 minutes, and 4.09 sec-
onds of mean solar time. If we reckon time by the sun, the stars rise about
two hours earlier each month. Since we regulate our mode of living by
the sun, sidereal time would be inconvenient sincc sidereal noon would
occur at all times of the day and night.

The apparent motion of the sun among the stars can be demonstrated by the use
of a planctarium and an electric light. ‘The electric light will represent a fixed star
when placed some distance from the planctarium. Allow the earth to revolve about
the sun and it can be seen that the star scems to rise carlier each evening because of
the motion of the earth about the sun.

MEeaN Sorar Time

Were the apparent eastward motion of the sun uniform, cach solar day
would be longer than the sidercal day by the same number of minutes.
Noon, true solar time, is that time when the sun is on the observer’s
meridian, P.M., or post meridian, represents time since the meridian cross-
ing. However, the motion of the sun is not uniform. In February, it is
14% minutes slow and in November it is 16% minutcs fast, so that the
days vary slightly in length. The earth travels in an elliptical path, travel-
ing more rapidly in winter than in summer.

The motions of the earth and the other planets follow the laws of
Johannas Kepler. Kepler (1571-1630) was a German astronomer. As a
result of his correspondence with Galileo, he became convinced that cer-
tain fixed laws governed the motions of the cclestial bodics. He tried many
theories concerning the motions, among them being the old concept of
“Music of the Spheres.” This fanciful theory assumed that the plancts
sang as they moved. After many ycars of work on the problem, he finall
arrived at the correct result. His findings are incorporated in three laws
named after him.

The laws are as follows:

1. Each planct moves in an ellipse which has the sun at one of the foci.

2. A line joining the center of cach planct to the center of the sun
passes over cqual areas in equal intervals of time. The result of this law
is that the planet moves most rapidly when it is nearest the sun.

3. The cubes of the mean distances of any two planets from the sun
are to each other as the squares of their periodic times of revolution about
the sun.

Fig. 55 illustrates the first and sccond laws. The sun is at one of the
foci of the clliptical path in which the planet moves. Also area ABS at
perihelion equals area CDS at aphelion. The third law can be tested from
data in the planet table of Chapter 4, using Mars and the earth.
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PERIHELION

Apusuofq J “///////

Fie. 55. chlers Law of Areas. The planet covers the distance CD at aphelion
the same time that it covers the distance AB at perthelion. The arcas ABS and CDS$
are equal. ('T'he eccentricity of the orbit is not drawn to the correct scale.)

(93 X 10°)*  (365)?
(141 X 10%)° ~ (687)®

The sccond law indicates that the planct at perihelion travels faster in
its path than when it is at aphelion. It is evident that the distance traveled
on Dccember days is greater than the distance traveled on Junc days. It re-
quires 186 days for the carth to travel from vernal equinox to autumnal
equinox (March 21 to September 22) and only 179 days to return. Since
the carth is ncarer the sun in the northern winter, it is attracted by a
greater force and thus moves more rapidly. Because of this lack of uni-
formity of motion we use as our timekeeper not the real sun but an imagi-
nary sun which does move with uniform speed through the heavens,
traveling the same distance each day. This sun gives us wean solar time.
A sccond is 1/86,400 of a mean solar day.

If each community operated by its mean solar time, time would vary
from place to place, and only those places having the same longitude
would have the same time. To remedy this, standard time was adopted by
the railroads in 1884, so that time would change only at intervals or belts
of distance. As can be seen from the map (Fig. 57), thesc belts arc irregu-
lar and their positions arc located to suit business conditions. The Inter-
statc Commerce Commission of the United States has the authority to
change the time belt for any scction of the country. North America has
five belts: Atlantic, Eastern, Central, Mountain, and Pacific (Fig. 56).
All communitics in a zone observe the same time.

In order to suit business conditions, the mean solar day begins and
ends at midnight. This is called the civil day.
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Fic. 56. Time belts in the United States. (Map, courtesy, Stephen Elinsky.)

LoNaGITupE

The meridians of longitude are imaginary great circles that are drawn
around the earth from pole to pole. Because of the fact that the mean sun
apparently passes around the earth once in 24 hours, we divide the 360
degrees of longitude into 24 zones of 15 degrees each, one for each hour
of the day. Thus the sun is said to pass over 15 degrees of longitude each
hour. By international agreement, the meridian of longitude passing
chrough Greenwich is numbered zero and the degrees are numbered
westward toward the United States and eastward toward Asia. For ex-
ample, the longitude of New York is about 74 degrees West, which means
that there is a time difference of 5 hours between London and New York.
When it is 12 noon in New York, it is 5 P.M. in London. Most evening
radio listeners are familiar with the sound of “Big Ben” striking midnight
in London. In 1886, Japan made its time that of the meridian 135 degrees
East, 9 hours rast from London.

LaTtiTUDE

In order to locate positions on the earth, we need the coérdinates of
longitude and latitude. The zero reference line for latitude is the equator,
a great circle drawn around the earth equidistant from the north and
south poles. Parallel circles are drawn on the earth from the equator to the
poles, giving us north and south latitude. The poles are 90 degrees lati-
tude. Latitude is defined as the angular distance north and south from the
equator measured on the meridian of longitude. Since latitude is meas-
ured from the eanaroar to the nale ir ic nnsihle ta determine ane’c lati-
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tude by observing the clevation of the pole star (Polaris) above the
horizon. (It is not casy to determinc one’s longitude.)

The rule follows: the latitude of the place is the altitude of Polaris.
At 90° North Latitude, Polaris has an altitudc of 90 degrees. At the equa-
tor, Polaris is on the horizon with altitude zero.

In speaking of celestial bodies, we make the celestial equator the ref-
erence circle and use the term declination (see p. 28) instead of latitude.
The declination of a star is the arc of an hour circle included between
the star and the cclestial equator. The declination of the sun is its angular
distancc north and south of the cclestial equator. On or about Decem-
ber 22 the sun’s declination is 23%° South. On Junc 21 the declination
is 234° North. When the sun crosses the equator at the vernal equinox,
spring begins.

Tue Dare LINE

The two types of longitude meet at 180 degrees, which is called the
International Date Line. The reason for this name will be made clear
by examples. If one should make a world tour travcling westward from
Phlladelphm he would need to set his watch back one hour for each of
the time belts. The consequence would be a whole day lost on his re-
turn. On the other hand, if he traveled castward, the watch would nced
to be set ahead one hour for each zone. Another example may be of in-
terest. Let us imagine an aviator leaving London at noon on July 1,
traveling around the world westward at 40° North Latitude at a speed of
750 miles per hour. At this speed, the sun would always be overhead,
and upon rcturn to London no night would have been experienced,
hence no new day. The inhabitants of London would have had night and
thus a new day, July 2. The aviator would be one day behind London.

In ordcr to obviate these difficulties, the 180-degree line was chosen as
the meridian where the day begins. This means that New Ycar’s Day is
first observed on the westward (toward Asia) side of the linc. Some in-
teresting results of ocean travel at the line arise from the change of day.
If a passenger traveling toward Japan from the United States arrives at
the line at 8 A.M. December 25, he will have no Christmas dinner, since
the day becomes December 26. On the other hand, if a passenger travel-
ing from Japan to San Francisco arrives at the line at 8 P.M. December
25, he will have another Christmas Day. Since the time difference be-
twcen Japan and New York is 14 hours, 7 A.M. Saturday in Japan is
5 P.M. Friday in New York. We often read on Monday items from
Japan dated T uesday.

Edgar Allen Poce uscd the International Date Line as the theme of his short story
“Three Sundays in 2 Week.”
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THE CALENDAR

From earliest times, man has used some sort of calendar, As early as
4000 B.C., the Babylonians divided the year into 12 months of 30 days each
and divided the week into seven days. Somewhat later, Egypt constructed
a year of 12 months of 30 days cach and added 5 holidays. This method
was adopted by Greece and Rome, but, when Julius Caesar came into
power in 45 B.C, the calendar was in hopeless confusion. In order to
rectify the error, the astronomer Sosigenes of that time made the year 365
days and addcd a leap year every four ycars. Also the months of July and
August were added. January was named for the god Janus, February was
named for a festival, March for Mars, April for Venus, and May and
June for lesser gods. We note that September, our ninth month, means
seventh. This is the result of the old Roman calendar, which began in
March.

However, the Julian ycar is too long by 11 minutes, since the solar
year is exactly 365 days, 5 hours, 48 minutes, and 46 seconds. This pro-
duces an error of about onc day for each century, causing the scasons to
come earlier, In 1582, Pope Gregory and his councilors dropped 10 days
from the calendar, making October § become October 15, and a change
was made to corrcct the error for the future, The Gregorian Calendar has
the same year and leap years as the Julian Calendar except that the cen-
tury years, 1700, 1800, and 1900, were not leap years. Century years must
be divisible by 400. Because of religious difficulties, the Greek and Protes-
tant sects did not immediately recognize the change. However, in 1752,
11 days were dropped in England and America, and January instead of
March became the first month. We ccelebrate February 22, 1732 as the
birthday of George Washington, but he was born on February 11 by the
Julian calendar. The Greek church adopted a new calendar in 1923 which
differs slightly from the Gregorian.

There are other calendars, the Jewish dating from the “creation of the world”
n 3761 B.C,, and the Mohammedan dating from the Hegira m AD. 622. The days
of the week are named for Saxon gods, the number 7 being a holy number in ancient
religions.

Sunday Sun Monday—Moon Tucsday—Tiw
\Wednesday—Woden Thursday—Thor Friday—Freya
Saturday—Saturn

Onc of the great difficultics confronting archeologic research is the
confusion in numbering the years. Ancient peoples named the year after
a certain reign or event. Several hundred years ago it was decided to begin
an cra with the birth of Christ.

CaLenDAR ReFORM. One of the most serious drawbacks to the present
calendar is the fact that the days of the week fall on various days of the
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month. It would be desirable if Sunday always fell on the Ist, 8th, 15th,
and 22nd of each month. Moses Cotsworth has proposed a 13-month
calendar which would make this possible. Fach month would have 28
days with onc day called New Year’s Day belonging to no month. An-
other suggcsted calendar is the World Calendar, in which the year is di-
vided into quarters.

Tue Crock

Although the earth’s rotation gives us the 24-hour day, to divide this
interval we must use other devices. One of the oldest types is the sundial,
invented by the Egyptians. The obelisk was a form of sundial. Unfortu-
nately, the sundial is of limited use because sunshine is intermittent. The
hourglass was another type of hour divider.

Galileo noticed when watching a swinging chandelier in the cathe-
dral at Pisa that it retraced its path in exaetly equal intervals. It is said that
he used his pulse as a time clock. By a scrics of observations he established
the laws of the pendulum. A pendulum kept at a constant length and hav-
mg a constant force of gravity acting upon it will always cxccute a swing
in the same interval. In order to keep the pendulum at a constant length,
methods must be used to keep the temperature from affecting it.

Since most materials increase in length as the temperature is increased,
various devices are used to counteract this effcct. One type uses two metals
which have unequal expansions. The two expansions ncutralize each other.
A simple pendulum about one meter long beats seconds in New York.
The time of the swing of a pendulum equals:

3.1416 \[ length in centimeters
acceleration of gravity in cm/sec—2

After the invention of the escapement by Christian Huygens in 1656,
the pendulum became a means of keeping accurate time. In the hands of
the astronomer, the pendulum clock is a very accurate instrument. Astro-
nomical clocks are wound every minute and the clock is kcpt in a con-
stant-temperature room. The balance wheel of a watch is also a time-
keeper. The newest type of clock, the clectric one, depends upon the fact
that electric current which flows in the wires of the house is alternating,
or reversing its direction many times a sccond (sec p. 379). The clock
contains a tiny synchronous motor which keeps in step with alternations.
1f the number of alternations (frequency) is earefully controlled at the
power house, the electric clock is an accurate timepiece.
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QuEsTioNs AND PROBLEMS

. Why do we use mean solar instead of real sun time?
. If it is 4 A.M. Tuesday in Japan, what is the time in New York? Answer: 2 P.M.

Monday.

. If it is 1 A.M. Monday in London, what is the time in New York? Answer: 8 P.M.

Sunday.

. Four P.M. Thursday in Hawaii is what time in Chicago?
. Fxplain the reason for the change of the calendar in the sixteenth century.
. If a star nises tonight at 9 P.M. mcan solar time, at what time will it rise 20 days

hence? Answer: 7:40 P.M.

. Where does the day begin?

. Is there a place of zero latitude and zero longitude?

. Why is the International Date Line necessary?

. The time 1s 8 P.M. Friday at 120° West Longitude. What is the time at 120° Fast

Longitude? Answer: 12 Noon Saturday.

Torics For Discussion

Calendars Sun Dials The Pendulum
The Feast of Ramadan ‘The Chinese Calendar
EXPERIMENLS

1.
2.

-

Make a time belt map of the United States.

Sct up a simple pendulum by fastening a ball to a string. Make the length 60 cm.
and record the time of 100 swings. Change the length to 120 cm. and again record
the time of 100 swings. What effect docs the change of length have on the time of
swing? Adjust the length until the pendulum ticks seconds. Measure the length.

. Usc a bottle with a small opening and make an hourglass.
- Set up a sundial by using a sheet of mectal on which you have engraved the hours

of the day. Decide which direction the pointer must be sct to record the hours
correctly. Look up the method in an encyclopedia.



7. THE EARTH'S CHANGING CRUST

There rolls the decp where grew the tree.
O earth, what changes thou bast seen!
There, where the long street roars, bath been
The stillness of the central sea.
—ALFRED TENNYSON

As we look about us at the hills, rivers, and mountains, we think of
them as everlasting and stable. But when we look at tiny streams carry-
ing scdiment to the rivers, at winds blowing dust over the land, at debris
falling from cliffs after every heavy rainfall, we must realize that the
lithosphere of the earth is undergoing constant change. The very region
in which we live has undergone great changes in the millions of years
that have elapsed since the earth was formed. It is probable that many
changes will take place in future cras. Perhaps the locality will be sub-
merged bencath ocean waters; a volcano may cover the region with lava;
a sheet of icc may cover the area; a mountain may be thrust up, changing
pleasant plains to steep rocky cliffs. Even today we know that many
diastrophic? changes are taking place; the British Isles are slowly being
submerged; the west coast of Greenland is sinking; the northern shore of
Lake Superior is rising and tilting the lake over into Wisconsin and Michi-
gan. The cntire crust of the earth seems to be shrunken and folded like
the skin of a withered orange.

Because of these diastrophic changes which are constantly taking
place in the earth’s crust, the scientist is able to secure information about
prehistoric conditions. From the studics of rock formations and fossils,
a table of gcologic time has been constructed (Table 4). Just as the arche-
ologist is able to trace the history of civilization by digging down into
buried cities such as those of the Sumerians, where he finds a series of
citics built one over the other, so the geologist finds successive layers of
rock built up in such a manner that he can draw conclusions as to the
method of formation and the length of time during which the layers were
formed.

If we look closely at the walls of a railroad cut, we note that many of
the rocks are arranged in nearly parallel layers. Perhaps we find a lime-
stone bed, then a sandstone layer, then another limestone laycr, and per-

! Diastrophism is the term used to describe the movements of the lithosphere. The
causes of such movements are shrinking, displacements, and folding.

84
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Table 4

85

TasLE oF Georoaic: Aces (Duration oF Time Expressep IN MILLIONS OF YeArs)

Eras Periods Chief Events Predomunant 1.ife

Cenozoic | Plestocene Glacation over large areas. | First true nuan, c.g. Hedel-

60 Miocene Soft coal, salt, gypsum. berg man.
Oligocene Extensive volcanism. Mammals such as mastodon.
Eocene Rocky Mts. formed. Modern birds and plants.
Many lava flows 1n west. Primiuve forms of mammals.
Grand Canyon formed. Primatcs.
Mesozoic | Cretaceous Sandstone, clay, coal. Placental animals and flower-
100 Jurassic Sterra Nevada Mts, g plants.
Tnassic Sandstone, coal, salt, quartz, | Great reptiles and repuile-like
petrificd forests, volcanism. | bards.
Sea 1nvasions. Marsupials, dinosaurs, croco-
diles.
Modern insects.
Paleozoic | Permian Appalachian Mountains. Land vertcbrates, strange rep-
300 Pennsylvanman | Coalbeds, himestone. tiles, mollusks.
Devontan Penna. oilsands, shale, sand- |First repules and  1nsects.
Silurian stone. Ferns. First forests, first
Ordovician Andity, rock bulding. amphibians, corals. Coal
(ambrian Taconic Mountains. producing plants.
Limestone, shale. Lung fishes, air-breathing ani-
Sea invasions in North mals.
Amcrica. First fishes.
Trilobites and brachiopods.
Fossils.

Protero- | Upper Glaciation Volcanism. Few fossils. Algae present.
zolc Pre-Cambrian | Frosion, diastrophism, Single celled plants and ani-
500 mals.

Cephalopods.

Archeo- | Laurentian Igneous rocks. No fossils. Perhaps bacteria.
zoic K cewatin Sedimentary. Presence of iron and lime-
500 Grenville Oldest limestone, marble, stone give indirect evidence

slate, schist. Volcanism, of some hifc forms.
iron, gold.
Mountain building.
Azoic Devclopment of solid earth | No life.

ball.

haps a bed of shale. Moreover, as we examine these layers, frequently we
find evidence that the upper layers have been laid over layers of older
rocks which previously have been eroded. Such an unconformity (Fig. 58)
means that in past ages the older rocks have been elevated above the water,
have suffcred erosion, and have been submerged again as the earth’s crust
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Fic. 58. An unconformity. (Courtesy, U.S. Geological Survey.)

has wrinkled. Subsequently, the eroded layers were covered by the strata
of a later age. In many cases, some of the layers have been tilted from
their horizontal positions by diastrophic forces. Very often we find laycrs
which, originally horizontal, have been bent into a series of folds (Fig.
59). The crests of these folds are called amticlines and the troughs are
called synclines. Such folded rocks make coal mining rather hazardous
since the mine roof may be weak.

The Grand Canyon of the Colorado River gives the scientist an ex-
cellent view of unconformities. The dividing line between strata of dif-
ferent ages is easily seen. Some of the lower strata were horizontal when
first deposited. Later, these beds were tilted, as can be seen in Fig. 60.
The reason that the upper layers are still horizontal is that they were not
formed until after the tilting of the lower layers had occurred.

If the forces exerted in the process of bending the layer have been ex-
cessive, the rock may be broken or faulted somewhat as a stick may frac-
ture if bent too far. Faultings may be accompanied by earthquakes which
cause great destruction of property and much loss of life.

The types of layers which we find give us information concerning the
condition of the earth when the rock was formed. A limestone bed gen-
erally indicates that the locality was submerged below the surface of
quiet water. A sandstone layer or a shale bed indicates that moving water
deposited sediment over the area. Successive rock layers tell us that there
were depressions and upheavals of the crust over long periods of time.
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F16. 59. An anticline. (Courtesy, U.S. Geological Survey.)

Moreover, such layers tell us that a hydrosphere and an atmosphere were
present millions of years ago.

The deepest rock layers may be igneous or metamorphic, upon which
are laid sedimentary beds. In addition, many of the sedimentary beds con-
tain immense numbers of fossils, the remains of animals and plants.

-

FossiLs

As a rule, when animals die their bodies soon complctely disintegrate
or are devoured by scavenger animals. Fortunately for our study of the
earth’s history, some skeletons have escaped destruction and have been
preserved for millions of years.

Perhaps the most interesting method of natural preservation is that
typificd by asphalt pits and peat beds. At Rancho La Brea, in Southern
California (Fig. 61) there exists an asphalt pit which has acted as a trap
for prehistoric animals. Apparently the animals were trapped as they
wandered to the pit in pursuit of other animals and birds which were
already caught in the viscous mass. The antiseptic properties of the asphalt
prevented the decay of the skeletons. Many specimens of fauna of the
Pleistocene geologic period have been found buried in this pit.

We also find the debris of many marine animals on the floor of the
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ocean. In fact, we know that our limestone and chalk deposits are due
largely to a lime mud derived from shells and skeletons of marine organ-
isms which have lived in the water. Such animals used the soluble calcium

Fic. 60. A tilted bed. (Courtesy, U.S. Geological Survey.)

salts in the ocean to form calcite in their shells. At dcath these shells
collected as a lime mud which hardecned to limestone. If the limestone

Fic. 61. Rancho la Brea, near Los Angeles, California. (Mural by Charles R. Knight.
Courtesy, American Museum of Natural History, New York.)
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layer became covered with layers of sand and clay, we find strata of sedi-
mentary rocks frequently containing fossils.

In a few cases, completely preserved prehistoric animals have been
found frozen in ice beds. During one of the periods of glaciation a num-
ber of Arctic mammals of types now extinct were trapped in ice. In 1900,
a great hairy mammoth was discovered in Siberia in an excellent state of
preservation. The flesh was still edible and the dogs enjoyed a feast on
the oldest known cold storage meat. Some of the ivory of commerce has
come from the tusks of these extinct elephants which were buried thou-
sands of years ago.

Amber, the resin of prehistoric pine trees, trapped insects in its sticky
mass. As the resin hardened, these insects were perfectly preserved. An-
other example is that of dinosaur footprints which are found in hardened
shale in Connecticut. These stone footprints are for sale commercially.

In many cases, fossils are found in various states of petrification (stone
replicas). In this very intcresting process the forms of the original struc-
turecs were preserved by minerals which were dissolved in the water
which covered the buried material.

During the Triassic period many pine trees in the region of the state
of Arizona fell into sand beds and were covered by volcanic ash. Present
in the ground was water charged with silica. By some mysterious process
the wood cells werc replaced by silicon dioxide. Some of the silicious min-
erals found are quartz, chalcedony, jasper, onyx, and agate. These min-
crals are often of gem quality. Some of the stone trees are over 100 feet
long and have diameters of 10 feet (Figs. 62-63).

The age of rocks can be dated by the fossils found in them. In an
series of layers of sedimentary rocks, the low stratum is the oldest. The

Fic. 62. A tree in the petrified forest of Arizona. (Courtesy, Atcheson, Topeka and
Santa Fe Railway.)
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great gash in stratified rock called the Grand Canyon of the Colorado
River has exposed successive layers (Fig. 64). The lower layers contain
fossils which are not present in the upper layers. From the mass of such
information the scientist constructs the periods of the earth’s history.
Occasionally volcanic ash covers the remains of life, as was the case of
Pompeii after the volcanic eruption in A.D. 79. Many persons were buried
in the ash. During recent excavations much information was gained con-
cerning the dress and habits of life in the ancient Roman city.

Tur. Cuart or Georocic TIME

The geologic chart (Table 4) is divided into eras and periods covering
millions of years. Despite the fact that the actual length of time intervals
is subject to much uncertainty, the table presents an interesting record of
geologic changes. A study of the table shows that an interval of about one
billion years has been named the Azoic era. Concerning this interval there
is much uncertainty. Some scientists believe that during this time the earth
was cooling from a hot globe to its present condition, and that during this
era the occans and atmosphere were forming. This theory is based on the
Nebular Hypothesis of I.aplace (Chapter 4). Other scientists believe that,
during this interval of time, the earth was growing by gathering to itself
meteoric material, and that the atmosphere increased as the earth grew
larger. This is the Planetesimal Theory (Chapter 4). In the Azoic era we
have no certain evidences of actual life, but we have reason to believe that
organic colloids (see p. 259) were present. Rocks of the era are sometimes
called the fundamental gneisses.

Following this era comes the Archeozoic (primordial life) interval.
It is cvident from studies of rock layers that this era was a time of exten-
sive rock formation and mountain building. There was much volcanic
activity and great quantities of lava poured over portions of the earth.

FiG. 63. Sections of petrified trees showing surface textures. (Courtesy, U.S. National
Park Service.)
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Most of the rocks are of the igneous type, but some are quartzites,
marbles, schists, and other metamorphic rocks. These indicate that some
sedimentary rocks were formed during this era.

The Archeozoic era was succeeded by the Proterozoic (primitive
life) interval. Here we find great quantities of sedimentary rocks as well
as metamorphic rocks. The rocks of this era show unconformity with
the rocks of the Archcozoic era. The metamorphic rocks indicate much
diastrophism of the earth’s crust, including mountain building. Also we
find that the rocks of the Proterozoic era contain extensive deposits of
gold, silver, nickel, and copper. The erosion of the rocks of the Archeo-
zoic era produced the great iron ore deposits of this era.

In marked contrast to the lack of exact knowledge of earth evolution
in the Archeozoic and Proterozoic eras, often called the Pre-Cambrian
interval, we find that the 300,000,000 years of the Paleozoic (ancient life)
era produced an abundance of fossil-bearing rock formations, principally
shales and limestones. By studies of these rocks, we are able to secure
much information about the climatic conditions which existed. We be-
lieve that ancient plants and animals must have bcen exposed to tempera-

Fic. 64. Grand Canyon. View from Grandview Point, showing four geological eras,
the Archeozoic, Proterozoic, Paleozoic and Mesozoic. (Courtesy, U.S. National Park
Service.)
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ture conditions about as we know them today. This leads to the belief that
the earth as a whole has experienced about the same climatic conditions
for at least a billion years, although many localities may have had climates
different from those of today. During the Cambrian period of this era,
seas began to move over the land, carrying certain animals called trilo-
bites (animals somewhat akin to the king crab) and brachiopods (a type of
shellfish). Although there are no trilobites or brachiopods today, we find
great numbers of these fossils in the Cambrian rocks. There is evidence
that much of the present land area of the United States was submerged
beneath the surface of marinec water during this interval. In fact, it
appears that, at times, the Atlantic and Pacific Oceans met in Cen-
tral United States, and the Arctic waters met those of the Gulf of
Mexico. At the close of the Cambrian period the waters receded. In the
Ordovician period the sea again encroached upon the land. The evidence
for this is that most of the sedimentary rocks in both the Grand Canyon
and the castern mountain ranges are of marine origin. Apparently the
water was shallow like that on the present-day continental shelves along
the coast. In this period new types of animals such as clams and snails
came upon the scenc, leaving great limestone deposits. Such limestone is
quarried in New England, Pennsylvania, and the Central States. The
Ordovician rocks are the source of much marble and slate.

At the close of the Ordovician period we find the land elevated in
North America. However, in the subsequent Silurian period, the land was
depressed again. A great inland sea spread over the central states. In this
period we find much coral. Probably the climate was semitropical-much

. Fle. 65. An artist’s drawing of a coal forest. Such scenes were probably common
in the coal-forming periods. (Courtesy, Bowden: “Foundations of Science,” Phila-
delphia, The Blakiston Company.)
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like the coral regions in the Pacific Ocean at the present time. There is
evidence that the Great Plains States were once heavily forested.

During the latter part of the Silurian period, the land was rising, and,
as the water evaporated, great beds
of gypsum and salt were depos-
ited. We find such beds in central
New York, northern Ohio, and
southern Michigan. Later in the
Paleozoic era came the Devonian
period, during which much shale,
sandstone, and limestone were de-
posited. Some of these sand de-
posits in Eastern United States are
oil-bearing and are the source of
Pennsylvania “crudes.”

In the Mississippian and Penn-
sylvanian periods, the great coal
measures of Eastern United States
and Central Europe were formed.
At this time the climate was warm
and moist, and the coal beds were
swamps. The eastern part of the
United States probably sank and
rose many times during the mil-
lions of years of the Pennsylva-
nian period and great forests grew
and decayed, the bacterial decom-
position leaving the great beds of
coal. Each layer of coal tells of a
forest and the sediment above the
coal contains twigs, leaves, cones,
seeds, and even entire trees, mak-
ing it fairly easy for us to identify
the type of plants that formed
coal. As these club mosses and )
tree ferns fell in swamp land, the Fic. 66. Diplodocus. (Courtcsy, Carnegie
water prevented complete oxi- Muscum, Pittsburgh.)
dation of the cellulose, and the
carbon in the plant tissue became separated as coal, in layers sometimes
over 100 feet in thickness. The semitropical climate necessary for coal
formation must have been widespread at various times. It is startling to

find coal in such extreme latitudes as Spitsbergen and the Antarctic
Continent (Fig. 65).
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In a few areas such as those of northeastern Pennsylvania, the coal was
subjected to great pressure and was changed to anthracite. Some of the
rocks of the Pennsylvanian period have furnished much excellent petro-
lcum and much of the better limestone uscd as building matcrial. The
more important limestone caverns arc of this period.

When we begin to consider the changes taking place during the
Mesozoic cra, we are amazed by the tremendous development of animal
life. In fact, this era often has been called the “Agc of Reptiles.” Up to
this time, the inhabitants had been animals with no backbone, but in this
era the vertebrates began to roam over the carth. In the sedimentary rocks
of the Triassic period we find fossils of those curious sea creatures called
plesiosaurs, reaching such lengths as 40 fect with features resembling both
turtles and snakes. Thesc fossil remains are probably the source of the
persistent sea serpent myths. Still morc strange werc the ﬁying reptiles
technically called pterodactyls, which apparently had wingspreads of as
much as 30 feet.

But perhaps the strangest of all reptilian forms were the swamp ani-
mals called dinosaurs, which rcached their greatest size in the Jurassic
period. Some of these animals were flesh eating and some werc herbivo-
rous. They scem to have lived during most of the Mesozoic era. Ever
youngster is familiar with the names brontosaurus and diplodocus (Fig.
66). IFor years people have looked with awe at the specimen of the diplo-
docus which is to be found in the Carnegic Museum.

Toward the end of the Mesozoic era there was much volcanic activity
along the Atlantic Coast of the United States. The Palisades of the Hudson
are hills formed by lava flow. Along the west coast of the United States
there was much activity of the earth’s crust resulting in most of the moun-
tains along the Pacific Ocean.

Onc of the most mysterious of environmental changes is the disap-
pearance of these tremendous reptilian beasts. Only a few types remain,
such as the alligators, crocodilcs, turtles, and iguanas. Perhaps climatic
changes were responsible. The reptiles were displaced ultimately by the
more modern mammals.

As we cnter the Cenozoic (recent lifc) era, we find that most of the
world had begun to have the familiar features that we know today. Dur-
ing the carlier cras the carth had gone through great upheavals, but during
the Cenozoic interval we find that most of North America was in much
the same condition as at present. However, salt beds and petroleum de-
posits, as well as glaciated areas, give cvidences of some changes in the
carth’s structure and climate. During this era we find fossils of many
manunals rescmbling those of the present day. Many of the oil deposits of
the Gulf Coast are found in rocks of the Cenozoic era.

Finally, in the Pleistocene period, less than one million years ago, man
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appeared on the scene. Fossils of early man are very rare and not until
burial became a practice were many rclics of early man preserved. The
species of modern man may be said to begin with Cro-Magnon man, whose
skcletons are found in caves in France.
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QuEsTioNs AND PROBLEMS

1. What is meant by a geologic age?

2. Whar is a geologic era?

3. What is diastrophism?

4. What does an unconformity teach us?

5. Describe the characteristics of cach era.

6. What is a dinosaur?

7. What is a pterodactyl?

8. For what is the Pleistocene period noteworthy?
9. Distinguish between synchine and anticlme.
10. What are the sources of limestone?

11. What is petrified wood?

Torics ror Discussion

The Reptiles of the Mcsozoic Era Rancho L.a Brea
Amber Occans in Continental North America
EXPERIMENTS

1. 'The biology department can furnish several types of fossils for study.
2. A trip to a natural history muscum will be of great value for this chapter.



8. THE HYDROSPHERE

W here the streame runneth smoothest, the water is deepest.
—LvyrLy

The origin of water on the earth is associated with the origin of the
solar system. Many scientists belicve that the elementary gascs, hydrogen
and oxygen, combincd to form steam at the high temperature of the earth
when it was in the astral condition.

Perhaps, as the earth cooled, the water vapor finally condensed to
form water which filled the depressions in the earth’s crust, thus forming
oceans. As we have stated (see p. 72) the calculation of the amount of
salt in the sea leads to the result that at least 100 million years have elapsed
since the first water was condensed to form thc oceans.

Tue Oceans

Most of the earth’s surface is covered by great bodies of water called
occans. The average depth of the occans is about two and onc-half miles.
There arc, however, great extremes of depth, one of the deeps being
Blake deep (28,000 fcet) in the Atlantic, and Swire deep (35,000 fect)
ncar Japan. Inasmuch as one of the highest mountains (Mt. Everest) is
only about 29,000 fect, one can say that the dceps are greater than the
heights. If all the mountains and hills were worn away, water would
cover the entire earth.

A study of the depth of the oceans has been carried on for many yecars.
By use of the depth-sounding apparatus (Fig. 67), such studies have been
carried forward with great rapidity. By means of thc cquipment, a high-
frequency wave is sent down from the vessel and the time is noted for
the wave to return aftcr being reflected from the ocean bottom. Oscilla-
tors and microphones are used in the production and detection of the
sounds. Great areas of the ocean floor have been mapped by this means.

OceaN Drirrs. Some of the interesting features of the occans are the
drifts or masses of water which flow in the occan somewhat like rivers
(Fig. 68). Onc such drift is the rather large circular movement of water
in the Atlantic Ocean in the region of the equator. The water, being
heated over the equatorial region, expands and flows along the surface
of the ocean. The Trade Winds in turn blow thc water westward. Be-
cause of these two forces, the drift flows toward Brazil, where it divides,
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Fic. 67. Visual echo sounding. Black arrows indicate electrical impulses. White
rings and white arrows indicate sound waves. (Courtesy, Canadian National Railways
Magazine.)
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some flowing north and some south. A portion of the North Drift is
warmed further in the Gulf of Mexico and passes up the Atlantic coast as
the rapidly moving Gulf Stream. Upon reaching the belt of the prevail-
ing westerlies, the Gulf Stream is deflected eastward, part flowing past
the British Isles and the remainder flowing past Spain as the Canaries Cur-
rent. The maximum speed of the current in the vicinity of Florida is
about four miles per hour. This North Atlantic Current is very important.
It provides a mild climate for the British Isles, France, and Spain. It is of
interest that land lying near the Canaries Current may have a climate
which varies as little as 15 degrees throughout the year. A further study
of the map reveals that there are regions where the water has little motion.
One such region is the Sargasso Sea in the North Atlantic.

Many superstitions were prevalent concerning this area. Sailing ships were sup-
posed to be trapped there due to the lack of wind and the abundance of seaweed.
No such arca of scaweed actually exists.

Another famous current is the Japan Current in the North Pacific,
which flows across the ocean from the Philippine Islands. This current
moderates the climate along the west coast of North America.

Corn Drirrs. There are also movements of cold water which complete
the cycle of ocean currents. ‘The dense water of the Arctic Drift flows
around Greenland, past Labrador, and drops to the ocean floor as it moves
under the Gulf Stream. This cold water flowing past Labrador makes that
land very inhospitable, although its latitude is that of the British Isles.
Newfoundland and Quebcc have a cold climate despite the fact that the
latitude is that of France. The frequent fogs off the coast of Newfound-
land are caused by the Arctic Drift meeting the Gulf Stream. The min-
gling of these currents causes a condensation of the water vapor in the
chilled atmosphere.

FErosion

Ever since the atmosphere and the oceans have existed on the earth,
the lithosphere has been subjected to processes by which the rock material
has been worn away and disintegrated. All of these processes constitute
erosion. A large part of erosive action is termed weathcring, a term includ-
ing those changes which cause rocks to break up, forming mantle rock
and soil. There are three agents of weathering: physical, chemical, and
biologic.

Examples of physical weathering are the expansion and contraction of
rock due to temperature changes and the breakup of rock due to the
action of ice in crevices. Water seeps into spaces between rock layers
and, as it freezes, the rock is split up.

Closely associated with the processes of physical weathering is the
action of chemical agents. Chemical disintegration of rocks depends on
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the fact that carbon dioxide, water, and oxygen combine with the min-
erals such as iron, feldspar and calcite in rocks. As a result, the rocks break
down, forming clay, iron oxide, and soluble salts. Water charged with
carbon dioxide is able to change insoluble calcium carbonate into a solu-
ble form, thus hastening rock decay.

Last but not least, there are biologic agents which contribute to ero-
sion. Some plants, such as lichens, cling to rock and etch it out by secreted
acids. We often find that trees growing on a hillside have their roots em-
bedded in rock crevices. As the roots enlarge, the rock is broken apart.
Earthworms feed on soil, changing its character. Small rodents burrow in
the rocks.

Grounp WATER As AN Erosive AGeEnT. Water is evaporated from
oceans; water vapor is blown over land and is precipitated as rain or snow.
About one-third of this runs off and returns to the oceans by rivers. An-
other third evaporates into the atmosphere. The balance seeps into the
ground and is called ground water. Such water may exist in porous rocks
at depths of several miles. Even igneous rocks are somewhat porous and
take up ground water.

The upper limit of saturation, known as the water table, may be at
the surface, as in marshes, or 200 ft. or morc beneath the surface, as in
deserts. In dry seasons the water table falls and in wet seasons it rises nearer
the surface.

Fig. 69. A limestone cave, showing stalactites and stalagmites. (Courtesy, Luray Cav-
erns Corp.)
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F1e. 70. White Velvet Spring, Yellowstone National Park. (Courtesy, U.S. Geological
Survey and W. H. Jackson.)

Onc important feature of ground water is its solvent action and dep-
osition. Because of the great pressures far beneath the surface of the
earth, water dissolves minerals which are insoluble under ordinary condi-
tions. Limestone and silicates will not appreciably dissolve in pure water,
but will go into solution very slowly if the water contains other com-
pounds. Limestone caves are formed by the action on limestone of water
carrying carbon dioxide in solution. The limestone, water, and carbon
dioxide form calcium bicarbonate according to the chemical reaction,

CaCO, + H.O + CO. - Ca(HCO:)..

This mineral is much more soluble in water than is limestone. If this min-
eral-laden water flows into cracks or rock strata where there is a smaller
amount of carbon dioxide, the mineral may revert to limestone again and
be deposited in the form of stalactites (icicle-like forms hanging from the
roofs of caves) and stalagmites (pinnacles built up from the floor) (Fig.
69). Many of the beautiful deposits in Ycllowstone Park are formed of
travertine precipitated from water issuing from hot springs and geysers
(Fig. 70).

%ometimes the ground water fills a layer of porous rock which is be-
tween two layers of nonporous rock (Fig. 71). If these layers are tilted, a
well drilled through at the bottom of the layer will permit the water,
which is under hydrostatic pressure, to rise to the surface forming an
artesian well, named from Artois, France, where such a well was dis-

covered. Chicago, Illinois, has many artesian wells, due to tilted sandstone
beds,
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F1c. 71. A simple artcsian system. A permeable sandstone layer (an aquifer) crops
out in the hill to the left and absorbs rainfall which descends along the sandstone,
sealed in beneath a cappin% layer of impermeable rock. A hole bored down into the
aquifer, farther down its slope, becomes an artesian well. In the vicinity of the well,
the water table may lie in any position above the aquifer. (Reproduced by permis-
sion from “Outlines of Physical Geology,” 2d ed., by Longwell, Knopf, and Flint,
published by John Wiley and Sons, Inc., 1941.)

A rather unusual manifestation of ground water action is the geyser,
of which many examples are found in Yellowstone Park, New Zealand,
and Iceland. It appears that geysers are formed in fissures extending down
to hot rock some distance below the surface. These fissures are narrow
and have constrictions along the wall. Ground water runs down the chan-
nel to the hot rock. The water at the bottom is heated, and, since the
steam cannot escape rapidly, the temperature rises somewhat above the
normal boiling point. When the pressure has increased to a certain point,
the water and steam are forced out with explosive violence. An interval
of time then elapses until the water can flow in and repeat the process.
Everyone is familiar with the story of “Old Faithful” in Yellowstone
Park. This geyser pours out great quantitics of water at regular intervals
(Fig. 72). In fact, the time of each eruption is posted on a bulletin board
in the inn nearby.

ErosioN BY RUNNING WATER. Probably the most important factor in
the changes of the earth’s crust is running water. We are all familiar with
the roadside gullies that form during a heavy rain. Many a farmer finds
that his hillside soil is being swept away by torrents of rain. Heavy rain-
fall in the arid regions of western United States forms great washes. All
rivers are constantly carrying fine rock fragments to the sea. The Mis-
sissippi and its tributaries, the Missouri (“Big Muddy”) and the Arkansas,
carry 400,000,000 tons of clay and sand to the Gulf of Mexico each year.
Because the river is moving slowly at the mouth, the load of sediment
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is dropped in a fan-shaped area called a delta. The delta formed by this
deposition grows very rapidly and is a constant problem in navigation.
The lower Amazon always has a yellow color due to the immense amount
of materials which it sweeps along. At Macao in China, it is necessary to
dredge the channel of the Pearl River every few months so that steamers
can pass. This constant transportation of soil material has denuded many
areas, such as those of northern China.
Other regions acquire great fertility
by this circulation of water.

Not only does running water
carry away an immense amount of
the weathered mantle rock and soil,
but it abrades the solid rock, due to
the load of sand and gravel which it
transports. In this way much rock is
broken off and carried out to the
stream mouth. The effect of running
water is to carve out gashes in the
lithosphere and to wear down hills.

As an example of the erosive ac-
tion of running water, one may men-
tion the Grand Canyon of the Colo-
rado River and the gorge of the Yel-
lowstone. In these regions the rivers
have cut out great valleys deep in
the sedimentary rocks. The rock ter-
races that one sees are manifestly duc
to the fact that some rock layers are
harder and more resistant to water
crosion than others. The hard layers Fie. 72. Ol Faithfal Geveer
have. steep slopes while the softer ones (Cou r;:esy, "US. Geolo gical Sui"v e};
are indicated by the gentle character and W. H. Jackson.)
of the terrain.

The tops of the mesas which are formed in the southwestern part
of the United States are layers of rock which have resisted water erosion
while the lower layers were cut away. The undermined cliff finally col-
lapsed, leaving plateaus with sides having steep slopes (Fig. 73).

The Falls of Niagara are changing due to the erosive action of run-
ning water. The top layer is hard limestone. The rocks underneath are
shale and sandstone. These softer rocks wear away, leaving a scar
which finally breaks, cutting back the Falls several feet each year. The
Cave of the Winds lies under the falls.

ErosioN By SNow AND Ice. Most of the snowfall in the central part
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Fic. 73. A mesa. (Courtesy, U.S. Geological Survey.)

of North America and Europe melts in the spring and runs away as
water. However, on high mountains and inside the Arctic Circlc some of
the snow may remain for the entire summer. The snowfall of each suc-
cessive year causes an accumulation of ice until the mass becomes a
glacier. If this glacier ice accumulates in mountain valleys, it flows down
the slope until it either reaches the sea, forming icebergs, or melts away,
thus feeding rivers and lakes. Many of the high mountains of western
North and South America contain valley glaciers. Mt. Evans in Colo-
rado, Mt. Shasta in California, and Mt. Rainier in the state of Washing-
ton are typical examples. Glacier Park contains many glaciers. The Alps
are famous for valley glaciers (Fig. 74).

Most of the continents of Greenland and Antarctica are covered by
enormous ice sheets. These continental sheets are held back by a wall
of mountains. The sheets extend out over the sea and break off, forming
immense icebergs which drift into warmer water, imperiling ocean
travel in the sea lanes.

The causes of glacial motion are rather complex. We know that
glaciers near the melting point move faster than cold glaciers. The
glacier does not slide as a unit. An average motion of a glacier is a few
inches a day in the warm season. It is possible that the ice at the bottom
melts under the great pressure of the upper layers. Perhaps the ice acts
as a plastic mass, since it tends to follow irregularities in the valleys down
the side of the mountain.

At any rate, a combination of such effects makes the motion of the
great body of ice possible. Because the glacier does not move uniformly,
great stresses which make the surface very irregular are developed.
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Usually the surface is crisscrossed by great cracks called crevasses. These
become covered with ice and snow, making travel across the glacier
very dangerous. Admiral Byrd and his party had many narrow escapes
when they crossed these hidden crevasses in the great ice sheet in
Antarctica.

Anyonc who observes a glacier will notice a mass of small rocks on
the surface and imbedded in the ice. This material has been acquired
by the ice in various ways so that the glacier is a mixture of ice, peb-
bles, sand, clay, and boulders, all moving at a slow ratc over the bed
rock. The effect on the floor of the glacier is like that of a great sand-
papering machine grinding over the rock. Moreover, the glacier tends
to widen the valley, changing a V-shaped valley to a U-shaped one.
Characteristic scratches will be found on the bed rock, giving a clue as to
the direction in which the glacier moves over the region.

It was early noticed that much of the land areas in the northern part
of the United States and Europe are covered by a heterogencous mass
of boulders, rocks, and soil which are unlike the rock strata of the re-
gion. For example, pieces of red granite of the St. Lawrence valley have
been found as boulders in southern New York State. Moreover, there
are peculiar rounded hills called drumlins, rolling plains called moraines,
and small lakes scattered over the region. The scientist Louis Agassiz
concluded that these features were the result of widely extended glacia-
tion. He believed that in the Pleistocene geologic period several great ice
sheets moved out of Canada and spread southward over the northern

e

Fic. 74. A valley glacier. (Courtesy, U.S. Geological Survey.)



106 THE HYDROSPHERE

part of the United States. At the same time, ice sheets covered northern
Europe.

By a study of the rocks, we feel certain that at least in four separate
periods, glaciers have covered part of North America. During the latest
of these ice ages, it appears that the glaciers developed and disappeared
at least five times. This means that between the periods of cool climate
there were intervals of subtropic temperatures. The southern hemisphere
has had at least one glacial period.

It appears that the continental glaciers in North America had their
origins in at least two great ice sheets in Canada. One, the Keewatin,
had its center near Hudson Bay, and the other centered in what is now
the Province of Labrador. These sheets spread southward, enveloping
most of Canada and extending as far south as the Missouri and the Ohio
Rivers. In the east they extended to central New Jersey and across cen-
tral Pennsylvania. They covered New England and New York.

The casual observer can discover many evidences of glaciation. One
famous example is a boulder in Bronx Park, New York City, which rests
on a striated base of a different type of rock. Many rocks contain paral-
lel striations on the surface. The glaciers gathered great quantities of
rocks from one region and scattered them over another part as the ice
melted.

The last of these glaciers in the United States is believed to have re-
ceded about 50,000 years ago. The Great Lakes and many modern rivers
were formed at the time of the last glacial recession. The great number
of lakes in Minnesota and Wisconsin are of glacial origin. It is possible
to trace the shore lines of older lakes which disappeared during glacial
epochs and were superseded by other lakes of later epochs.

There is no satisfactory explanation for the advance and recession of
these ice sheets. All our evidence indicates that climatic conditions in
various parts of the world varied at different periods of the geologic
eras. Some authorities believe that the amount of carbon dioxide in the
atmosphere may have changed in some way. This might influence the
climate.

It is possible that the sun is a long period variable star (see p- 33)
so that during the periods of glaciation there was a decrease in the amount
of solar energy. There may have been a change in the shape of the earth’s
orbit. The inclination of the axis of the earth may have changed, causing
a cooler climate. There is no certain evidence for any of these theories.

WinD Erosion. The transportation of rock particles by the wind is
a far more important method of erosion than most of us realize. In a
region having a soil composed of sand and clay particles, a wind can pick
up and carry away the clay as a dust. This dust may be deposited far
from the source. In ancient times, such dust was deposited in several
regions of western and central United States as a loess. Such soil is very
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fertile but is subject to frequent erosion by both wind and water. Much
of this loess in semi-arid localities was originally covered with a thin sod
which acted as a blanket to prevent excessive erosion. Such areas were
excellent grazing land.

During the First World War the demand for farm produce became
so great that much of this sod was plowed up and the soil planted to corn
and cotton. This procedure was followed by a succession of years of
scanty rainfall. In 1935 the process culminated in a calamity in which
thousands of farms in the Great Plains States were denuded of fertile
top soil by great dust storms. As a consequence many families were
forced to leave the Dust Bowl, as it was called, and migrate westward
and northward (Fig. 75). Other sections of the world suffer periodi-
cally from the effects of wind erosion. Conservation methods are being
used to combat such destruction.

The dunes of Indiana are examples of the effect of the wind on sandy
areas. The “Bad Lands” of the Dakotas derive their peculiar form from
the erosive action of the wind and water. Travelers in the Rocky Moun-
tains of Colorado are familiar with the beautiful “Garden of the Gods”
whose red sandstone formations have been carved into curious shapes by
the erosive action of wind and water (Fig. 76).

So1L

A crystal of sand could tell us an interesting story as we play on the
beach at the seashore. Hundreds of millions of years ago it was possibly on

g

Fie. 75. Photograph of an abandoned farm in Oregon, showing the effects of wind-
lown sand. (Courtesy, U.S. Soil Conservation Service.)
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the shore of another ocean. As time rolled on, the small crystal became
covered with other sands blown or washed over it from nearby hills.
Gradually it became cemented to other sand grains, forming a soft
sandstone. Perhaps the-shore became submerged beneath the ocean. A
layer of mud which was deposited over it changed to shale, which, in
turn, was covered by a layer of sea shells, the process occupying mil-
lions of years.

Fic. 76. Garden of the Gods.

As the earth’s surface continued to change, the sandstone layer was
folded deeper and dceper, and higher temperatures caused the formation
of quartzite. Untold ages passed, bringing with them a gradual uplifting
of the highly heated quartzite. As the rock rose, it cooled, still under
tremendous pressure, until finally this quartzite became part of the
igneous rock, granite. Perhaps this granite formed a great mountain
range. Later, the conditions of temperature and pressure became such
that the granite became metamorphosed into gneiss. Still other millions
of years passed during which time the mountain was attacked by various
weathering agents. The rock crumbled and hidden rock layers became
exposed and disintegrated into sand. Rains and streams gradually re-
turned the sand to the sea.

Soil is formed by the disintegration and decomposition of rock, and
by the accumulation of plant and animal remains. As we have seen,
weathering agents change rock to soil.

Soils also contain certain plant and animal materials. These include
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decaying plants and animals as well as the materials discarded by them in
the living condition. Phosphorus, sulfur, and nitrogen compounds are
principally of organic origin. “Limestone soils” usually are more fertile
than soils derived from sandstone and shale. Feldspars contribute sodium,
potassium, calcium, and magnesium to the soil. A good soil may contain
a mixturc of sand, clay, humus, lime, and soluble mincral nutrients of
value for plant growth. Such a soil may have the fine texture character-
ized by the term loarn. If the clay of the soil is cxcessive, the soil becomes
compact and remains wet, so that it is difficult to drain. On the other
hand, a sandy soil permits the water to drain away rapidly, so that in
periods of dry weather the crops wither from lack of moisture. Plants
derive nearly all of their mineral salts from the soil. They sccure oxygen
and carbon dioxide from the atmosphere. Green plants manufacture
foods, pigments, and woody fibers from such materials as carbon, cal-
cium, hydrogen, iron, magnesium, nitrogen, oxygen, phosphorus, and
sulfur.

In addition to these materials, there arc millions of bacteria in the
soil. These organisms vary from season to season, their number being
greatly influcnced by temperature and moisture in the soil. Bacteria of
decay and nitrifying bacteria arc responsible for the chemical changes
which break down manure, lcaves, and bonemeal to matcrials which
plants can utilize. The chemical changes taking place produce carbon
dioxide and ammonia. The ammonia then undergoes further chemical
changes by which it is converted into nitric acid and finally into nitrates.
The process of changing organic matter into nitrates is called nitrifica-
tion. Likewise, therc arc formed phosphates, sulfates, and carbonates, all
valuable soil materials.

For a long time farmers have known that certain crops such as wheat
and oats exhaust the soil, while other plants known as legumes seem to
act as fertilizers. These plants include beans, clover, alfalfa, and peas.
It may be of interest to repeat the statement of a Roman writer of the
first century. “Some of the plants manure the soil and make it fertile.
Lupines, peas, and vetches scem to enrich the land.”

We now know that the roots of plants known as legumes act as
host to a parasitic type of bacteria called nitrogen-fixing bacteria. These
bacteria live in nodules on the roots of the plants, taking food materials
from the plant. They have the unusual property of absorbing free nitro-
gen from the atmosphere and causing it to combine with carbon, hydro-
gen, oxygen, and other elements to produce complex nitrogen com-
pounds such as plant proteins. When the legumes die and decay, the
root nodules disintegrate. The proteins are rapidly broken down by
bacteria in the soil and are converted to ammonia and nitrates which
can be readily absorbed by the next crop.
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QuesTIONs AND PROBLEMS

. What is an ocean drift?

. What is the cause of the Gulf Stream?

. Explain the formation of a geyser.

. What evidence is there for ice ages in North America?
. What are causes of soil formation?

. What is a fertile soil?

. What 15 the most desirable soil and why?

8. Why arc there frequent fogs off the coast of Newfoundland?
9. What causes an artesian well?

10. Name three ocean drifts.

11. What causes wind crosion?

NNV A WN -

VisuaL Aips

“Soil Formation,” Eastman Classroom Film
“The Mming and Production of Coal,” Anthracite Industries, Inc.

Topics For DiscussioN

Soil Formation Glaciers Nitrifying Bacteria
The Bad Lands Byrd in the Antarctic The Dust Bowl
ExXPERIMENTS

1. Make a tube of loam, one of clay soil, and one of sandy soil. Study the rise of
water in the various tubes. Decide which is the best type to preserve the water
level in the field.

2. If possible, study the rock formation in a limestone cave.

3. The biology department can furnish root nodules on which are nitrifying bac-
teria. Examinc the nodules closcly.

4. The biology department or geology department have specimens of stalactites.
Examine them.



9. ROCKS AND MINERALS

To the solid ground of Nature trusts the Mind that builds for aye.
—Win.rLiaz WoRpswoRr1H

The rock sphere of the carth is termed the lithosphere. This layer,
about 50 miles thick, contains the rocks, minerals, and gems which we
shall study in the present chapter.

MiNERALS

Minerals are substances with a chemical composition which can be
expressed by a chemical formula. They include the substances quartz, the
feldspars, the micas, hornblende, calcite, and many others. When grains
of thesc minerals arc cemented together, they constitute the materials
which we call rocks. Some of the minerals—for cxample, graphite, quartz,
diamond, and calcite—arc also rocks. In order to study minerals, the
scientist has deviscd a scries of tests by which various compounds can be
identified. Some of these tests include hardness, mallcability, cleavage,
color, streak, fluorescence, as well as chemical tests.

HarbnEss. A scale of hardness is used by the scientist. Ten represcnta-
tive mincrals are arranged in their order of ability to scratch other min-
erals.

10. Diamond (hardest) 4. Fluorite (casily scratched by
9. Corundum (scratches topaz) stecl. Does not scratch glass.)
8. Topaz (scratches quartz) 3. Calcite (scratched by a new
7. Quartz (scratches glass and steel) copper cent)
6. Orthoclase feldspar (scratches 2. Selenite or gypsum (scratched
window glass, not scratched by by thumbnaii)
knife) L. Talc (soft, feels greasy)

5. Apatite (scratched by steel)

Any mineral in the table will scratch any of those below it in the
table. Minerals harder than quartz are not common.

(1t is important to ecmphasize that hardness is not the same as brittle-
ness.)

CLeAvaGE. If one breaks a specimen of rock salt (halite) by striking
it a sharp blow with a knife, the mineral will cleave or slice into rectangu-
lar segments or small cubes. Rock salt, in common with many other min-
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erals, is classed as a cubic crystal form (Fig. 77). Some minerals, such as
calcite, split into rhombs (Fig. 78). Still others, for example, mica, cleave
into thin sheets. Crystals are solid bodies having smooth faces which meet
in definite angles. The shape of the crystals seems to be determined by
the molecular structure.

All crystals can be included under six types: cubic, hexagonal, tetrago-
nal, orthorhombic, monoclinic, and triclinic. By a study of the angles
between cleavage surfaces, the mineralogist can identify many of the
common minerals. The study of the crystal form of substances constitutes
the subject of crystallography.

CoLor. Many minerals have a definite color, copper sulfate being blue;
malachite, green; cinnabar, a reddish brown; magnetite, black; pure cal-
cite, white or colorless; iron sulfide, yellow. Quartz has a number of
characteristic colors depending upon the impurity in the mineral. How-
ever, because of these impurities, the beginner must use the color test with
caution.

StrEAK. Many minerals leave a streak when rubbed on a white tile
plate, such as a floor tile. It is curious that the streak color may bear
little resemblance to the surface color of the matcrial. Many of the ores—
minerals from which the metals are obtained—have characteristic streaks.
Noteworthy among these are the lead, zinc, and iron ores.

FrLuorescence. This is a phenomenon which has some importance in

Fic. 77. Rock salt, cubic crystals. (Courtesy, English: “Gettinf Acquainted with
Minerals,” New York, McGraw-Hill Book Co., Inc.)
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mineral tests. Many rocks and minerals when illuminated by ultraviolet
rays emit beautiful colors which in some cases absolutely identify the
stone. Some of the most interesting are willemite, which fluoresces green;
some of the calcites, which give red; and some fluorites, which shine with
a blue-violet color when illuminated. The uranium ores often fluoresce,
and this method has been used in prospecting for that valuable material.
Lamps are on the market which give ultraviolet for a study of fluores-
cence. By using such a lamp, one can produce remarkable fluorescent ef-
fects. Every student of minerals should study some of these colors if for
no other reason than the pure beauty of the display.

Fic. 78. Rhombic crystals. (Courtesy, English: “Get-
ting Acquainted with Minerals,” New York, McGraw-
Hill Book Co., Inc.)

CuEmicaL TEests For MineraLs. While such tests are reliable, they
are rather complicated in most instances. An exception is the acid test
for limestone and dolomite, which will be described at a later point in
the chapter.

Gems

Minerals which possess the characteristics of beauty, durability,
rarity, and portability are classed as gems. The most famous type of gem
is the dianiond. This gem has been known from the earliest times. Dia-
monds are found in volcanic pipes mixed in a peridotite rock, and are pure
carbon crystals. Most of them are transparent, a few being blue and some
black (Fig. 79).

Diamonds have been found in India, South Africa, Brazil, and in
some parts of the United States, notably Arkansas. The production and
sale of diamonds are rigidly controlled by the syndicates which operate
the diamond fields. As has been noted, the diamond is the hardest mineral
known. Besides being used as a gem, it finds much use in rock drilling, as
a die for drawing tungsten lamp filaments, and in grinding operations.
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For many years scientists have attempted to produce diamonds in the
laboratory without success.

The history of some of the great diamonds is very interesting. We
shall describe only a few of the most interesting gems and refer the reader
to the references on p. 123 for a fuller description. The largest diamond
ever found was the Cullinan diamond which weighed more than a pound
(3025 carats) in the rough condition. Since a diamond has little beauty
in the natural state, the Cullinan was cut into a large number of smaller
stones which are a part of the crown jewels of Great Britain. One piece is
the Jonker, having a weight of 725 carats. Many diamonds have adorned
idols whence they were stolen and passed from hand to hand, often ac-
companied by murder and violence. Some famous gems are the Kohinoor
(Mountain of Light) of England, the Orloff of Russia, and the Tiffany
of the United States. The beauty of a cut diamond is due partly to the
fact that the mineral has the hlghest index of refraction of all optical media
(see p. 344). Because of this fact, the light is reflected internally from
facet to facet inside the gem, giving the appearance of a glow of light in-
side the jewel. (See Fromtispiece.) Yellow diamonds are most common,
while blue-white are most rare. In cleaving a diamond the grain must be
found. This may require months. A small notch is made and a sharp tap
on a blunt cdged tool splits the gem.

Another famous and valuable gem is the emerald, a mineral composed

Fic. 79. A diamond in its matrix. (Courtesy, English: “Getting Acquainted with
Minerals,” New York, McGraw-Hill Book Co., Inc.)
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of aluminum, beryllium, silicon, and oxygen—a beryllium-aluminum-sili-
cate. Its color is a deep green and a perfect emerald is more valuable than
a diamond of equal weight.

The ruby is much prized as a gem, both it and the sapphire being
corundum, an oxide of aluminum (AlQ;). It is now possible to produce
rubies and sapphires in the laboratory, but, becausc of the difficulty of
manufacture, the cost is still high.

Quartz is an important gem-form-
ing mineral. Although quartz (silicon
dioxide, Si0.) is a very common
rock—pebbles being  quartz—good
gems are rather rare. Quartz crystal-
lizes in the pyramidal form (Fig. 80).
The transparent form is called rock
crystal. Among the quartz gems are
amethyst, chalcedony, carnelian, agate,
sardonyx, jasper, and opal. Opal de-
serves special consideration. The opal
of gem quality has a marvelous mix-
ture of colors. Perhaps the most valu- Fic. 80. A quartz crystal.
able opals of the present time are the
so-called “black” opals of Australia. Unfortunately, opals arc rather
fragile, which makes them unfit for hard usage.

Pearls, too, are gems of great value. This mineral is a hydrated cal-
cium carbonate found in the shells of a certain mussel or pearl oyster.
The method of formation appears to be as follows: A small gram of sand
or other impurity gets into the shell. The mussel covers the irritating
substance with successive layers of calcium carbonate, a pearl thus being
produced over a period of several years. In recent years men have found
it possible the place seeds in the shells of certain mollusks and to control
the growth. Pearls are rather fragile, being attacked by acids. The luster
of perfect pearls is unequaled by that of any other gem. Unfortunately,
pearls deteriorate if left in safe-deposit boxes and are harmed when worn
on a dry skin.

Rock CONSTITUENTS

It is impossible in a text of this character to describe many of the min-
erals which exist in nature. Those to be described are types which can
be found in most localities so that they are familiar to the average person.
Fortunately, most of the common rocks arc composed of only a few min-
erals, and these will be described in detail. There are several excellent hand-
books which can be used in field study.

CArBONATEs. Among the carbonates which are well known are calcium
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carbonate (limestone, chalk, and calcite crystals) and calcium magnesium
carbonate (dolomite). Although these minerals exist in a great variety of
colors, it is a simple task to identify them by the acid test. Cold hydro-
chloric and other acids placed on calcium carbonate generate carbon
dioxide, while hot hydrochloric acid attacks dolomite. Dolomite is harder
than calcite.

Another test for calcite in crystal form is the rhombic cleavage which
occurs when it is broken into parts. Calcite (Iceland spar) is frequently a
transparent crystal which resembles quartz upon casual inspection (see
Fig. 78). It has, however, an entirely different crystal form. It is the ce-
menting material for many sedimentary rocks such as sandstone.

Limestone is the common form of calcite. It is widcspread, consisting
of the skeletons of marine animals and plants (Fig. 81). These shells ac-
cumulate in layers at the bottom of the occan water and over a long pe-
riod of years become rock. Due to impurities, limestones are found in
many colors, including gray, white, and blue. Because of the method of
its formation, limestone is classed as a sedimentary rock. When limestones
undergo great heat and pressure they metamorphose (change) into mar-
ble. Marble is classed as a metamorphic rock. Other interesting lime-
stone formations are the stalactites and stalagmites found in many caves.

SiLica AnD THE Siicates. Silica is usually called quartz (silicon di-
oxide). Quartz is a very common mineral existing in a great variety of
shapes. There are transparent crystals which have a characteristic py-
ramidal shape, and there are great masses of milky quartz. Some common
varieties are rose quartz, smoky quartz, agate, amethyst, and milky quartz.
Some other varieties have already been mentioned in the discussion of

T Y
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Fic. 81. A fossil fish embedded in limestone
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gems. Quartz is a constituent of all granites and of many other igneous
rocks. It can usually be recognized by its glassy appearance, although
milky quartz is also a common ingredient of rock.

When silica is combined with other mincrals, we have the great class
of silicates. The silicates which we shall have occasion to indentify are
the feldspars, the micas, hornblendes, and serpentine. Serpentine, a rather
common mineral in castern United States and in Furope, is a magnesium
silicate. Most varieties are green or vellow and they are prized as building
stone. It is found in Quebec, Arizona, Pennsylvania, and Georgia. Much
of the “green marble” seen in soda fountains is serpentine quarried in
Georgia.

Feldspars are a group of minerals which are light colored with right-
angle clcavage. Some varietics are colored by impurities. They resemble
both quartz and calcite. Fortunately, simple tests distinguish these min-
crals. Quartz is harder than the feldspars and will scratch them. Feld-
spars arc not so glassy as quartz and calcite. Most acids do not attack
the fcldspars. These mincrals are potassium-aluminum-silicates and so-
dium-calcium-aluminum-silicates. In the field it is usually possible to
identify the family by scratching with a knife. This distinguishes them
from quartz. Feldspars arc the most abundant of all minerals, making up
over half the rocks of the lithosphere. Some of the common varieties are
orthoclase, plagioclase, microcline, albite, and labradorite.

The micas are an interesting type of silicate. These complex silicates,
often called “isinglass,” are best known in two forms: muscovite, which
is cither transparent or has a light color, and biotite, which is colored black
or brown. The micas occur in six-sided crystals which cleave into sheets
of almost microscopic thinness. Since they are well known, they can be
readily identified by the shining flakes in many types of rocks. Sheets of
mica are used as insulators in electric apparatus such as flatirons and
toasters.

Hornblende, a variety of amphibole, is a dark green, brown, or black
silicate having a variable chemical composition. Its hardness is about 5
and it is a constituent of many igneous and metamorphic rocks such as
granite and gneiss.

When some silicates break down, the calcium oxide combines with
carbon dioxide to form calcite. The disintegration of the feldspars re-
sults in the material called clay—a hydrated silicate. Silicon dioxide has
a tendency to combine with metallic oxides to form silicates.

OtHER MINFRALS. Gypsum is calcium sulfate. It is used in the prepa-
ration of blackboard chalk and plaster of Paris. Pyrite is iron sulfide. It
has a brassy yellow color and is often mistaken for gold—hence the name,

“fool’s gold.” It is found in all types of rocks, especially in sedimentary
and metamorphic ones.
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The pyroxene mincrals arc silicates of magnesium and calcium. One
type, augite, is found in basalt.
Talc is often called soapstone. It is used as talcum powder.

SEpIMENTARY RocCks

Sedimentary rocks are those which have been formed by the deposi-
tion of scdiment either in water or on land. Rock fragments, clay, and
other minerals are piled up and pressed into layers, forming rocks vary-
ing from shale which crumbles in the fingers to the hardest of breccias.
Such rocks are divided according to their principal constituents.

Cavcareous Rocks. Examples of this type are limestone, chalk, and
travertine. They consist principally of calcium or magnesium carbonate.
Limestone is a valuable building rock and also is crushed for use in road
building, for the manufacture of Portland cement, in metallurgy, and in
rock-wool insulation. Chalk (not to be confused with gypsum) is a soft
limestone which is used in ccment manufacture and as a remedy for acid
soils. Travertinc is used in interior stone work. Dolomite is a harder lime-
stone containing much magnesium carbonate.

SiLicious Rocks. The outstanding example of this class is sandstone.
This rock consists of small grains of sand cemented together by silica,
lime, or iron oxide, and colored with the oxides of iron or other metals.
Somec varieties of sandstonc are very hard and much used as building
stone. Other varieties can be broken with the fingcrs.

If the quartz fragments in silicious rocks are large and rounded, the
rock is called conglomerate. If the particles are sharp and angular, we call
the material breccia. If the rock is composed of large boulders, it is coarse
conglomerate. Sandstones are classified as calcareous, ferruginous, silicious,
or shaly, the names referring to the cementing material. Silicious sand-
stones are the most durable. Flint and jasper are of this type.

ArciLLAcEOUS Rocks. The most important members of this group are
the shales and clays. As the igneous rocks weather, the quartz grains be-
come sand and the feldspar and mica become clay and then shale. Al-
though shales are usually soft, some varicties can be used as building stones.
Blue shale is used in some of the buildings of Princeton University.

Carsonacrous Rocks. Most people do not class petroleum and coal
as rocks. Both, howcver, are composed of carbon minerals. Sedimentary
coal exists in such forms as peat, lignite, and bituminous coal. Peat re-
sembles plant fibers and is found in ground where plants fell in water and
did not decay. Good peat is brown in color and burns fairly well. It is
abundant in Ireland and Minnesota.

As the peat bogs arc subjected to great pressure and heat, a variety of
coal called Jignite is produced. It is a better fuel than peat and is found in
various parts of the world.



IGNEOUS ROCKS 119

Fic. 82. A fossil leaf found in coal. (Courtesy, Bowden: “Foundations of Science,”
Philadelphia, The Blakiston Company.)

The most abundant form of coal is bituminous, a black, rather dirty
fuel which burns with considerable smoke. It has a high fuel value (see
p. 311) and is a standard coal in most parts of the world. England, Rus-
sia, and the United States produce the greatest part of this fuel rock.
Many tree fossils are found in coal beds, proving that coal is a result of
tree decay (Fig. 82).

PetroLEUM. Petroleum is a liquid rock composed chiefly of paraffin
and other hydrocarbons. Sometimes, as in California petroleum, asphaltum
is a constituent. Most persons are familiar with the crude petroleum, a
sticky liquid from which we derive such materials as kerosene, gasoline,
petrolatum, tar, and many other compounds (see p. 129). Crude oils of
Oklahoma and the Gulf Coast have a high content of light oils such as
gasoline. Pennsylvania oils have good lubricating properties. California
oils contain much asphalt.

Mineralogists are not in agreement as to the origin of petroleum. Did
petroleum result from chemical energy in the earth or was it produced
by the action of heat on the remains of animals and fish? It is known
that heat can cause iron carbide to combine with water to form iron
oxide and the hydrocarbons like petroleum. Since the core of the earth
may be composed principally of iron, such an explanation is possible. On
the other hand, petroleum may have been formed during the decay of
organic matter, both plants and animals, in somewhat the same manner
that coal was formed. Some support for this latter theory is given by the
fact that many oil deposits occur in salt domes which were formed under
water in prehistoric ages.

Ieneous Rocks

Igneous rocks were formed by the action of heat. Molten rock from
the lower part of the lithosphere was pushed upward and cooled. If the
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Fic. 83. Photomicrograph of granite. Note crystals of quartz, feldspar, hornblende,
and mica. (Courtesy, Ward’s Natural Science Establishment, Inc.)

material cooled slowly far underground, large crystals were formed; if
it cooled rapidly, the rock became glassy in texture. It is evident that such
rocks will contain no fossils. There will be no evidence of banding or
stratification. An igneous rock has the same appearance from all faces.

One group of igneous rocks will receive only passing mention—the
volcanic type consisting of obsidian and pumice. Such materials consti-
tute volcanic glass and volcanic ash.

The other great group is called plutonic. These rocks were formed
below the surface of the earth in the presence of great heat, were slowly
cooled under tremendous pressure, and are found in the crystalline state.
Granite, the best example of this group, is a coarse- to fine-grained rock
that makes a hard, durable building stone (Fig. 83). It is possible to recog-
nize the principal constituents—orthoclase feldspar, quartz, and other min-
erals, such as the micas—by the shape of the grains. In color, granite varies
from light to dark-gray and red, the color being determined by the feld-
spar content. It is capable of being polished and one may find many
beautiful specimens in museums. Most granites contain quartz, mica,
feldspar, and hornblende. Because of the high percentage of quartz in the
rock, it is termed an acidic rock. The feldspar content can be identified by
the smooth faces of the grains, the quartz by the irregular glassy grains, the
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mica by the shiny flakes, and the hornblende by the dark irregular grains.

Syenite, another igneous rock, resembles granite. It differs, however,
in that it does not contain quartz. It contains orthoclase feldspar, horn-
blende, pyroxene, and mica. It is even more durable than granite, but is
not very common in North America.

The basic type of rock, diabase, makes excellent monument material.
The grains in this rock are microscopic in size, being composed of mag-
netite, augite, and feldspar. The Palisades on the Hudson are composed of
diabase. The rock resembles basalt and often grades into basalt.

The peridotites are a group of igneous rocks consisting principally of
pyroxene, olivine, and hornblende. They contain little or no feldspar.
Many of the ores and gems are found in peridotite rock. It is the rock in
which diamonds of South Africa are found.

Basalt is a rather familiar rock, dark, fine-grained, and dense. It con-
tains feldspar, augite, and olivine. It composes most of the lava flows of
Western United States and is used as road material. Basalt is often mistaken
for diabase, because of its texture and color.

MEeramorpHIc Rocks

As the name indicates, these rocks have been subjected to heat, pres-
sure, and perhaps other action, in such a way that they have been changed
in structure or composition. Because of the peculiar conditions that have

Fic. 84. Photomicrograph of gneiss. (Courtesy, Ward’s Natural Science Establishment,
Inc.
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produced metamorphic rocks, it is not suprising that they show banding
and twisting. Both the igneous and the sedimentary rocks have been
changed in this way.

Syenite and granite, as well as conglomerate, change to gneiss or schist.

Diabase and basalt change to schist.

Limestone crystallizes into marble.

Sandstone becomes quartzite or quartz schist.

Shale hardens into slate and mica schist.

Bituminous coal changes to anthracite coal or to graphite.

Greiss (pronounced nice) (Fig. 84), metamorphic granite, is a very
common rock. It is hard and shows distinct banding. It resembles granite,
containing quartz, feldspar, and mica. Sometimes hornblende is a constit-
uent and occasionally garnets are present.

If mica is present in large amounts in the gneiss-like rock, it is called
mica schist (Fig. 85), composed principally of quartz and mica. The
schists are used as building stone. They do not weather readily, hence
are very durable despite the softness. Mica schist is a rock every observer
should know. In most cases the mica is so prominent and the banding so
definite that identification is easy. Schists are named for the most promi-
nent mineral; thus we have hornblende schist, talc schist, and chlorite
schist. The schists often contain garnets.

The metamorphic rock, quartzite, resembles sandstone although it

Fic. 85. Tourmaline mica schist. (Courtesy, Ward’s Natural Science Establishment,
Inc.)
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may be so compact that the individual crysrals are difficult to distinguish.
The rock is often colored by feldspar and iron ore. It is very hard and
durable, but, owing to the fact that it splinters, it is difficult to shape into
blocks for building stonc. It is used in road building. The acid test dis-
tinguishes it from limestonc. “Stone Age” man used much quartzite as
well as flint and basalt in his stonc implements and wcapons.

Marble comes from limestone and dolomite, as we have already em-
phasized. The best of the marbles are very fine-grained. Because of the
grain structure and on account of the beautiful whitc color, the marbles
of Italy are unsurpassed in the world. Vermont and Georgia also produce
much marble. Because of the fact that marble is subject to chemical
weathering, it has gone out of fashion as the stone used in monuments
which are exposed to the weather. It is difficult to distinguish marble from
crystallized limestone. Both show the calcite grains. Many marbles are
spotted due to the impuritics in the stone.

Slate is a well-known metamorphic rock which splits into laycrs. No
mineral grains can be seen. The principal mincrals arc quartz and mica.
Poor slate is difficult to distinguish from the sedimentary rock, shale.

It is believed that when bituminous coal was subjected to heat and
pressure, the rock changed to anthracite. Anthracite coal is valuable be-
cause it burns slowly with intense heat and emits little smoke. It is proba-
ble that graphite and diamond arec also metamorphic rocks.
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QUuEsTIONS AND PROBLEMS

1. Explain why a metamorphic rock may at one time have been a scdimentary rock.
2. What is a gem?

3. What is: an ore? a mineral? a rock?

4. Distinguish between scdimentary, metamorphic, and igncous rocks.
5. What is the origin of: a pearl? a diamond? an emerald?

6. What is a trap rock?

7. What is fluorescence?
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8. Distinguish between calcarcous and argillaceous rocks.

9. What is: petroleum? coal?

10. Make a list of the most important rocks used in industry.
11. What is basalt?

12. What is an acidic type rock?

13. What is meant by a hard rock?

14. How can you test for dolomite rock?

Torics For Discussion

The History of Famous Diamonds ~ Manufactured Gems  The Source of Crude
Coal Mining A Study of Gems Petroleum

EXPERIMENTS

1. Identify rocks in the laboratory.
2. Collect and identify 10 rocks and minerals, labeling each.

IDENTIFICATION OF ROCKS

When identifying rocks, we make use of the properties of minerals
described in the chapter. Many rocks weather extensively; hence it is
necessary to study a freshly fractured surface whenever possible. This
gives a clue to cleavage, fracture, and crystalline structure.

Try to determinc from the general appearance whether a rock is of
sedimentary, metamorphic, or igneous origin. Dip a glass rod into hydro-
chloric acid and place the drop on the rock. Effervescence of carbon
dioxide indicates limestone or marble. If dolomite is suspected, heat the
acid slightly. Hard, dense, and heavy rocks arc usually either ores or
igneous rocks. Most rocks are either coarse- or fine-grained, which gives
a clue to their identity. The next operation is to determine the exact min-
eral composition if possible. One must remember that rocks merge into
one another, so that a specimen may have the characteristics of two types.

Coarse-grained rocks may be sandstone, quartzite, granite, syenite, or
diorite.

Fine-grained rocks may be shale, slate, gneiss, schist, pumice, or basalt.

Before beginning a study of rocks it is necessary to learn the character-
istics of the minerals hornblende, quartz, feldspar, mica, and calcite.

A. HORNBLENDE
1. Hardness same as glass.
2. Black or nearly so.
3. Cleavage.
4. Does not effervesce with acid.
B. QUARTZ
L. Scratches glass casily.
2. Any color from colorless to black.
3. Pyramidal crystals in some cases.
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4. Breaks like glass.

5. No effervescence with acids.

. FELDSPAR

1. Scratches glass, but is scratched by quartz and steel.
2. Usually light—white, gray, or pink.

3. Definite cleavage.

4. No effervescence with acids.

. Mica

1. Easily cut with a knife.

2. Colorless and yellow or brown or black.

3. Luster.

4. Cleaves into thin sheets.

. CALCITE

1. Very easily scratched by needle or knife.

2. Any color from white to black.

3. Crystal varicty has clcavage of rhombic type.
4, Effervescence with acids.

Sedimentary

. Siricious (sandstone is an example)

1. Stratified; consolidated sand.

2. Fine, rounded, quartz grains or coarse angular particles.

3. Cemented togethcr by silica (light colors—white, gray, tan, buff, or
yellow); carbonate (gray); iron-oxide (red or chocolate brown);
clay (gray).

4. Usually soft and friable.

. ArciLLACEOUS (shale is an example)

1. Stratificd; consolidated clay.

2. Very fine-grained, flattencd particles; often small mica flakes.

3. May grade into sandstonc or limestone.

4. Black, blue, red, light gray.

5. Splits readily into thin leaves.

>. CaLcareous (limestone is an example)

1. Compact. Cannot sce stratification in some specimens.

2. Acids cause effervescence of gas.

3. Shell fragments sometimes seen.

4. Soft; scratched by a knife.

. CarBONACFOUS (bituminous coal is an example)

1. Easily shattered along right angles.

2. Plant imprints sometimes sccn.

3. Very soft with cxception of jet.

4. Rich in carbon and its compounds.
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Igneous (Even texture in all directions)

A. GRANITE

1. Coarse crystalline structure; minerals easily seen.

2. Color light gray, grayish green, red, or pink.

3. Very hard.

4. Contains quartz, orthoclase, hornblende and mica.
B. SYENITE

1. Coarse crystalline structure.

2. Resembles granite except for absencc of quartz.

3. Pink, gray, or white.

4. Very hard.

5. Orthoclase, hornblende, augite, mica, but no quartz.
c. DrorrtE

1. Medium to coarsc glassy grains.

2. Dark gray or green.

3. Long prismatic necdlcs, good clcavage.

4. Plagioclase, hornblende or mica, or both.
D. DIABASE

1. Very fine grains, microscopic in size.

2. Dark color.

3. Augite, no quartz, may also contain pyroxene, hornblende, and mica

with magnetitc.

E. BasaLT

1. Fine-grained; dense and heavy.

2. Dark color, nearly black.

3. Usually augite, olivinc, and feldspar.

Metamorphbic (Usually banded but not stratified)

A. MarsLE (metamorphic limestone)
1. Crystallized limestonc (sugary).
2. Effervesces with acids.
3. White, mottled, or colored.
4. Soft, though harder than limestonc.
5. Takes a polish.
B. SLATE (metamorphic shalc)
1. Cleavage planes.
2. Splits into sheets.
3. Very fine-grained.
¢. ANTHRACITE (metamorphic bituminous coal)
1. Black and shiny.
p. QuarrziTE (mctamorphic sandstonc)
1. Quartz, with small amounts of impurities.
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2. Usually light colored, but may be dark brown.
3. Splintery.
E. GNEIss
L. Crystalline; rather finc minerals. Feldspar, quartz, mica, or horn-
blende.
2. Banded.
3. Splits in one direction.
4. Hard.
F. ScHIST
1. Crystalline; rather fine-grained.
2. Some mineral usually promincnt.
(See text under schist—p. 122.)



10. PRODUCTS OF ROCKS AND MINERALS

It is only by overcoming nature that man can rise.
—SrossoN

The great industrial development of the United States, Canada, Great
Britain, Germany, and France has been due to the extensive development
of natural resources which has been made in these parts of the world. By
contrast, China, Africa, and to a lesser extent South America, have not
utilized the wealth of natural resources available.

The modern way of life uses a myriad number of materials developed
from natural sources. Our houses contain asbestos, paint, concrete, brick,
steel, glass, linoleum, and alloy cooking utensils, none of which is found in
nature. Radios, films, automobiles, shoe soles, clothing—all are manufac-
tured articles.

In this chapter we shall describe some of the products that are pro-
duced from rocks and minerals.

PETROLEUM

Onc of the great industrics of the world is the production and refining
of petroleum. It is difficult to imagine our world without petroleum
products. We use them in automobiles, in airplanes, in ships, in furnaces,
in medicines, and as lubricants for machinery.

Petroleum was probably first used as a medicine by the Indians of
Western Pennsylvania. Colonel Drake drilled a shallow well near the site
of the present Oil City in the yecar 1860. The principal producers of
petroleum are the United States, Arabia, Rumania, Russia, and Persia.

Petroleum consists of hydrocarbons, most of which belong to the
methane series. About 30 of the hydrocarbons have been identified with
certainty. The crude oil at present is obtained from wells bored into the
lithosphere. Some of the wells are over two miles in depth. The various
products derived from petroleum (crude oil) are secured by fractional
distillation. In this process the crude oil is heated in such a way that the
products are collected as gases at different temperatures (Fig. 86). A
few of the products of petroleum are listed in Table 5.

128
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Table 5

PetrO1 EUM PropucTs

Mcthane CHy,. Marsh gas. Used as fucl
Gases | Ethane C.Ha. A gas
Propane C3Hs. Sold in tanks under the name “Pyrofax”
Pentane Solvent for rubber and varnish
Benzine Largcly pentanes and hexanes. Used in cleaning
Gasoline* A liquid of varying constitution, boiling between 85° and 200° F.

The exact composttion is not known. Probably hexanes,
heptancs, and octanes

Liqums | Kcrosene A liquud boiling in the range 200° to 300° F.

Fuel Oil The o1l remaining after the gasoline and kerosene have been
removed. Used in o1l burners and in Diesel engines
Lubricating O1l | Iligh boiling point oils used as lubricants

Petrolatum “Nujol” is an example

Petrolcum jelly | One trade name is “Vaseline”

SoLips | Wax Wiax candles and “Parowax”’
Tar Roofing
Asphalt Road material

* Note. Gasoline is any muxture of hydrocarbons which can be used m internal com-
bustion cngines having spark ignition. Fthyl gasoline has had tetra-ethyl-lead added to
reduce automobile knocking. The matcrial reduces knocking by retarding cxplosions n
the cylinders.

For many years after the discovery of petroleum, kerosene was the
most valuable ingredient. Gasoline was a nuisance. With the coming of
the automobile the demand for gasolinc became so great that the chemist
was compelled to devise new methods to increase the yield. By “cracking”

Fic. 86. Petroleum distillation. The crude oil is heated in still (4), passes through
(B), and the vapors are condensed in (C). The liquids are drawn off through (D).
(Courtesy, McPherson and Henderson: “An Elementary Study of Chemistry,” Bos-
ton, Ginn and Company.)
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the molecules of the heavy oils of the kerosene type the compounds can
be broken down into lighter molecules for use as gasoline. If the complex
molecules are heated to temperatures of about 500° F. they decompose
into simpler molecules. It is impossible to write an equation which ac-
curatcly cxpresses these reactions. By modern cracking processes, over
70 per cent of the kerosene molecules can be changed into gasoline.

HYDROGENATION

The cracking process involves the process of adding hydrogen to the
heavy molecules, since they contain a smaller proportion of the gas than
do the simpler molecules. By means of a catalyst, hydrogen at high tem-
peratures and pressure is caused to combine with the heavy oils forming
the more valuable light oils. The reaction takes place in a large nickel-
chromium steel chamber where the hydrogen and petroleum are heated to
about 1000° F. at a pressure of 3600 pounds per square inch. This pressure
enables the refiners to produce larger yields of gasoline of very uniform
characteristics. Much research has been done in this ficld within the past
few years and the process has attained great commercial importance. In
addition to gasoline, hydrogcenated solvents for the paint, varnish, lacquer,
and textile industries arc being developed. Gasoline is being manufactured
also by the hydrogenation of coal. One ton of coal plus hydrogen can
produce as much as five barrcls of gasoline. The process was developed by
the chemist, Bergius.

Catalysts

A catalyst is anything that aids or retards a chemical reaction without
being permanently changed or becoming a part of the final products. It
does not change the coursc of the reaction. A very small amount of catalyst
suffices to cause great quantities of material to react rapidly with each
other. The hemoglobin in blood is a carrier catalyst. Finely divided nickel,
when added to a mixture of hydrocarbons and hydrogen, aids the reaction
between them. The nickel is later removed by filtering. Hydrogen com-
bines with hydrocarbons when under very high temperature and pressure,
but nickel causes the reaction to take place at a much lower temperature
and pressure. Another example of catalytic hydrogenation is the manu-
facture of such fats as “Crisco,” from cottonseed oil (see p. 232). Zinc
oxide catalyzes the reaction between hydrogen and carbon monoxide to
form methyl alcohol. Platinum is used as a catalyst in the manufacture of
sulfuric acid. Copper is used in the formation of certain dyes. These are
examples of catalysts which aid a reaction. The antioxidants used in rub-
ber to hinder rotting are examples of retarding catalysts.
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SOME COAL PRODUGTS
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Fic. 87. Some products derived from coal.
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CoarL Probucrs

Coal 1s another nteresting source from which we derive an astonish-
ing array of products. Therc are thrce gencral groups of coal products:
coal gas, coal tar, and coke. These arc produced by hcating bituminous
coal in large retorts without the access of air (destructive distillation).
The type of furnace and the character of the product vary since they de-
pend on the purpose of operation. Some companics make fuel gas to sup-
ply the heat and light requircments of a community. In this case the
equipment and operation are designed to produce a maximum gas yield,
coke being but a by-product, and the tar being wasted. Other companies
make coke, using the gas to operate the furnaces. One-seventh of all coal
mined in the United States is used to supply coke for metallurgical pur-
poses. In many instances the coal tar and ammonia are lost.

Since 1914 there has been such a great demand for coke, ammonia, and
coal tar that many by-product ovens have been constructed. Some of the
coal gas which is formed in these ovens is used in their operation, but much
of it is sold as fuel gas. A ton of soft coal yiclds about 12,000 cubic feet
of gas. The coal tar which is driven from the coal is washed, as much as
25 pounds of ammonium sulfate per ton of coal being reclaimed from the
washings. The ammonium sulfate supplies ammonia for explosives, ferti-
lizers, and other nitrogenous compounds. About 125 pounds of coal tar
remain, from which are prepared the many substances shown in Fig. 87.

The discovery of William Perkin that “mauve” dye could be made
from coal tar opened the door to the development of modern coal-tar
products, among which are explosives, antiseptics, dyes, perfumcs, aspirin,
photographic materials, carbolic acid, and roofing tar. This subject will be
discussed more fully in Chapter 15.

A ton of coal also yields about 1200 pounds of coke. Coke is used in a
variety of ways. Some is burned as household fuel. Most of it is used for
industrial purposcs such as the reduction of metals from their ores, the
synthesis of methyl alcohol and of acetylene, and the manufacture of car-
borundum and graphite.

ASsBESTOS

Some forms of this rock closely resemble textile fibers in gross appear-
ance, as can be seen in Fig. 88. It occurs in compact bundles of long,
slender, silky, fibrous masses. Chrysolite, tremolite, and actinolite are three
minerals whose crystals may form in such a manner as to be termed
asbestos. Asbestos has many uses due to its flexibility, its fire resistance,
and its electric insulating properties. The long fibers are used in the manu-
facture of asbestos curtains, fire suits, and similar articles. Asbestos is a
silicate rock (Chapter 9).
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Fic. 88. Asbestos—note fibrous appearance. (Courtesy, Mines Branch, Ottawa, Canada.)

CEMENT

The Romans made cement, but the knowledge apparently died with
them, for only since 1900 has cement again become important. It is made
by pulverizing and heating a mixture of limestone and clay or shale in
rotary kilns. The partly fused clinker mass is again pulverized and sold as
cement. It is made into concrete by mixing cement, sand, crushed rock,
and water. Concrete is 2 man-made rock which surpasses natural rock in
durability and ease of handling.

GuLass

The art of making glass is old, having been well known in Egypt in
1400 B.C. At present there are many types of glass, such as window glass,
bottle glass, cut glass, and pyrex. The general method of manufacture is
to heat a mixture of sand (SiO.), limestone (CaCO;), and sodium car-
bonate (Na,CO;), or sodium sulfate (Na,SO,) until they fuse. The molten
glass is then blown into molds (Figs. 89-92). Window glass is blown into
long cylinders which are cut lengthwise while still hot and allowed to
flatten into sheets. Plate glass is rolled into sheets on a hot steel table. Vari-
ous substances may be added during the fusion process to produce special
types of glass. Pyrex contains boron oxide (B,O;). This glass is interesting
because of its toughness and low coefficient of expansion. In fact, a pyrex
dish may be placed over the open flame without any danger. Glass baking
dishes are better for baking because they do not reflect the heat as metals
do. They also retain the heat better. Pyrex skillets are now available.
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Ordinary glass which is used in window panes is called soda glass. The
glass used for cut glass contains lead oxide. Such a glass is brilliant but is
not suited for many- purposes because of its softness.

The coloring of glass is a very interesting process. In order to produce
colored glass various chemicals, principally metals, are added. These metals
are mixed in the glass in a colloidal (see p. 259) form. For example, both
gold and selenium produce a red glass, but the gold glass is much more
attractive. Chromium compounds color glass green, and iron compounds
make amber glass. Aluminum and fluorine are used in milk glass.

Fic. 89. (Left) Weighing the mixture. (Courtesy, Pittsburgh Plate Glass Co.)
Fic. 90. (Right) Measuring the furnace temperature with an optical pyrometer.
(Courtesy, Pittsburgh Plate Glass Co.)

Most types of glass transmit light but they absorb the ultraviolet.
Ultraviolet is useful in the prevention of rickets, hence it is desirable to
have a glass which will transmit these rays. Considerable research is being
carried on with the aim of providing a cheap “ultraviolet” glass for hos-
pitals, homes, and nurseries. Glass made from fused quartz will do this,
but it is too expensive for common use. Examples of ultraviolet glass are
“Corex,” “Vita Glass,” and “Cobalt-Nickel Glass.”

Safety glass is made by cementing a sheet of celluloid or other plastic
between two sheets of ordinary glass. Bullet-proof glass consists of several
layers cemented together. Such glass will crack but will not shatter. A
better type of safety glass is still needed—one that is transparent, flexible,
and yet rigid enough for ordinary pressures. There is hope that such a
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material will be produced from the plastic industry (see p. 279). Some
materials now being made, such as lucite, approximate the necessary quali-
fications (see p. 280).

METALs

A metal is a chemical element or a mixture of elements which, when
a solid, is ductile, lustrous, malleable, a conductor of heat and elec-
tricity. Metals always have been associated with human progress. In fact,
the purification and the utilization of metals such as iron, copper, tin, and
the alloy bronze specify certain periods in the development of civilization.

Fic. 91. Taking a sample of the melt.
(Courtesy, Pittsburgh Plate Glass Co.)

No metals are found free in nature except gold, lead, platinum, copper,
and silver. For the most part, metals are combined with the other elements,
being found as carbonates, sulfides, silicates, and oxides. Such rocks are
called ores. Iron ore, for example, is a rock which contains large quantities
of some compound of iron. Indeed, some ores are nearly pure metallic
compounds—for instance, the iron ore, hematite, mined in northern Minne-
sota. Others contain rather minute quantities of metal, as in 300 tons of
the uranium ore pitchblende there is only a minute amount of radium!
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The manner of securing the metal from the ore depends upon its con-
centration in the rock, its chemical composition, and its chemical conduct.
In general, the ore is crushed and roasted. Coke is added to remove oxygen
from the metal and some material is used to purify the crude metal. The
molten metal is then drawn off and worked into the desired form. Some-
times electrolysis is used to purify the metal, commercial copper being
treated in this manner. The methods of extracting metals from their ores

Fic. 92. Testing the glass for uniformity. (Courtcsy,
Pittsburgh Plate Glass Co.)

constitute the subject of metallurgy. Such processes are treated in the
chemistry texts and will not be explained here.

Some Common METALs. The production and use of copper dates back
to the Egyptians, about 3000 B.C. We know from carvings that much
copper was mined and smelted at Mt. Sinai. In smelting the copper ore
malachite, charcoal was burned underneath the ore. The burning char-
coal reduced the ore to metallic copper.

Copper is one of the most valuable of metals, not only because it is an
excellent conductor of electricity, but also because it can be used for water
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pipes, wire screens, roofing, and spouting. It is valuable for such purposes
because it does not corrode to any cxtent when cxposed to the weather.
Its many alloys (among them brass, monel metal, and bronze) are some of
our most uscful materials.

The metal iron scems to date back at least as far as the first settlement
of Palestine by the Israclites. In the ninth century B.C. iron was in use in
Greece. Durmg carly times it was used as money because of its rarity and
the difficulty of extracting it from its ores. The great difficulty with the
use of iron is that it rusts rapidly when exposed to the air. To prevent
the rusting various coatings such as tin and zinc are used. Tin plate and
galvanized iron are examples of coated iron materials.

The alloys of iron called steel are of tremendous value in industry.
Tungsten steel, nickel steel, chromium steel, and vanadium steel are a few
of the important alloys.

The metal #in is used for organ pipes, as a coating for steel used in tin
cans, as an ingredient of solder, in bronze, and in type metal. Most tin
comes from the East Indies. It is not a plentiful metal.

Lead is a metal which was known in very early times, perhaps even
antcdating copper. It is a dense yet soft metal and is quite resistant to
chemical action—in fact, this property makes it essential for use in acid-
proof tanks and plumbing. It is an ingredient of solder. Lead compounds
are uscd in lead glass for cut-glass articles.

It is of interest to the student of metals that aluminum, one of the most
important substances, has becn processed only within a few decades.
Aluminum is a constituent of clay, but the dlfﬁculty of separation made
the metal a rarity until recent times. In 1886, a young chemist named
Charles Hall solved the problem of separation of the metal by electrolyzing
molten cryolite in which aluminum oxide was dissolved. As is the case
with many metals, pure aluminum has a limited use due to its low tensile
strength. Most aluminum alloys contain a small amount of copper or
magnesium. Such alloys arc esscntial matcrials of industry.

The noble metals—gold, platinum, silver, iridium, and palladium—have
a romantic history. Gold has been known for thousands of years, being
found in the pyramids. Much gold was mined in Egypt. Croesus uscd
gold as coins in the year 550 B.C. Pure gold is valuablc not only for its
beauty but also for its malleability and its resistance to corrosion. Ordinary
chemicals do not affect it. Pure gold is as soft as lead, hence it is too soft
for most purposes and it must be alloyed with such mctals as platinum,
silver, or copper.

Platinum is valuable not only for its beauty but also for its hardness and
high melting point. It is very resistant to chemical action.

Silver, the least expensive of the noble metals, has well-known uses
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in jewelry, in utensils, and in the compounds silver nitrate and silver
bromide.

Tuble 6
PuysicaL ProperTiEs oF SoME METALS
Specific Melting Point
Metals R(I; s t;ﬁ” e Tensile Strength | Hardness ( degf( C)
Copper........... 16 X 1077 ohm 32,500 Ib. /in.2 3 1,084
Aluminum.. . .. . 29 X 1077 12,000 2.5 657
Silver. ... e e 16 X 107 40,000 3 960
Tungsten. ....... 56 X 1077 230,000 7 3,370
Iron . ...... . . . 97 X 1077 41,900 4 1,503
Nickel ... ... .| 123 X 1077 50,000 5 1,452

Table 6 indicates that metals vary widely in their ability to conduct
electricity. Aluminum, silver, and copper, having a low specific resistance,
are classed as good conductors. Iron and tungsten, having a high specific
resistance, are used as heating devices. Mercury, being a liquid metal, has
many well-known uses in industry.

Arroys

An alloy is a mixture of two or more metallic clements (or nonmetals
such as carbon, tellurium, and phosphorus) which has a metallic appear-
ance and is either a molecular mixture or a colloidal mixture. Alloys are
man-made mectals. New alloys are being developed at a rapid rate to meet
the ever-increasing necds of mankind. Only a few years ago the breaking
of an automobile spring was a common occurrence; today we rarely break
a spring, because of the improved alloys that are used. The modern spring
does not weaken under the constant vibration which it experiences.

In aviation we need light but strong engine and body metals. No pure
metal meets the needs of the airplane. Iron is neither light nor strong
enough; aluminum is light but too flexible. By adding some magnesium,
copper, or mangancse to aluminum, we produce duralusnin which is ideal
for the airplane (Fig. 93). Again thcre are no metals strong and hard
enough to drill and machine certain alloys. Metallurgists are now pro-
ducing alloys which maintain a sharp cdge. Such an alloy is cobalt-tung-
sten. This material is so hard that it will cut sapphires and will get still
harder while it is being used. By its means we can cut glass about as easily
as a steel tool cuts brass.

Still another type of alloy is very resistant to corrosion. If chromium,
nickel, or copper is added to iron or steel, the stainless steels result. Such
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Fi16. 93. This modern airliner is made of aluminum alloys.

products can be laid under salt water indefinitely without corrosion.
Stainless steels are used for outdoor construction, cutlery, and sheathing.
The new lightweight trains built by the Budd Manufacturing Company
are constructed of welded stainless steel. The Empire State Building has
a stainless steel dome which probably wi}l last as long as the building
stands.

In the building of electric lamp filaments the metal tungsten is alloyed
with thorium. This makes it possible to draw the metal into very fine
wires.

Alloys have been known for centuries, but it is only recently that they
have been developed extensively. Copper was probably the first metal
which was alloycd. Pliny mentions the substance bronze, which is an alloy
of copper and tin. However, the only metals alloyed up to the eighth cen-
tury were copper, gold, zinc, silver, and mercury. A few examples of early
iron remain, one a sword blade from the tomb of Tutankhamen.

Some alloys are chemical compounds, while others are mere mechani-
cal mixtures. Alloys often possess properties strangely different from the
parent elements. An outstanding example is Wood’s Metal which melts in
boiling water, a much lower temperature than the melting points of any
of the constituents. Because of its low melting point, this alloy is used
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as a plug for fire sprinklers in stores and offices. There are hundreds of
alloys, but most of them can be included in a simple classification shown
by the following list. It must be empbasized that the list contains only a
few of the many alloys.

I. Iron. The many alloys of iron are called stcel.

a. Chromium steel.

1. Stainless steel is 18 per cent chromium, 74 per cent iron.
2. Armor plate contains some nickel.

3. Stellite, a very hard alloy, contains cobalt and tungsten.
4. Acid-proof pipes, valves, shcathing contain chromium.

b. Tungsten steels are very hard and are made into tools.

c. Nickel and cobalt steels are magnetic.

d. Nitralloy is the name given to the alloy formed by a new process
in which the surface of steel is coated with iron nitride by cxpos-
ing to ammonia fumes at a high temperature. The surface is one
of the hardest materials known.

II. Coprer

a. Brass is made from copper and zinc. Onc type has 70 per cent cop-
per and 30 per cent zinc.

b. Bronze is an alloy of copper and tin, composcd of 90 per cent cop-
per and 10 per cent tin.

c. Beryllium and copper are used for finc springs.

III. ALumiNuM. Aluminum alloys are being developed for airplanes, trol-
ley cars, trains, and autos. They are strong and light.

a. Duralumin contains 95 per cent aluminum, 3.7 per cent copper,
and a little magnesium.

b. Beryllium-aluminum alloys are lighter and stronger than aluminum.

c. Dowmetal, which is 85 per cent magnesium, is the lightest useful
metal known. Being strong, it is used for trucks and stratosphere
gondolas. A large covered truck of Dowmetal weighs less than
a small open truck of steel.

IV. MERCURY ALLOYs are termed amalgams. They are used in dental
fillings.
V. NIcKFL ALLOYS are silver colored.

a. German silver contains nickel, copper, and zinc, but no silver.

b. Permalloy contains 78 per cent nickel and 21 per cent iron. It has
excellent magnctic properties and has made possible high-speed
cablegrams and the hand telephone.

¢. Monel metal is about 70 per cent nickel, 28 per cent copper, and 2
per cent iron. It is used for sinks, soda fountains, and in all interior
and exterior finishings. It rivals stainless steel in its durability.
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d. Nickel coins are a mixture of nickel and copper.

e. The new metal “Alnico” forms such a strong permanent magnet
that it is used in thc newest radio equipment, making possible a
much simpler construction for dynamic speakers.

VI. Pure Gorb is said to be of 24 carat quality. This is too soft for most
purposcs and it usually is alloyed with cither copper or silver.

a. U.S. coins contain 90 per cent gold and 10 per cent copper.

b. British sterling is 91.67 per cent gold and 8.33 per cent copper.
(Sterling silver contains 92 per cent silver and 8 per cent copper.)

c. 18-carat gold is 75 per cent gold and 25 per cent copper. It is used

in jewelry.
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QuesrionNs AND PrRoOBLEMS

. Explain the terms distillation and fractional distillation.

. Is there any danger of a shortage of gasoline within the next 50 years or so? Why?

3. Why is an asbestos curtain required in theaters? Discuss the possibilities of a
substitutc for asbestos.

4. List all the uses of cement which you know.

5. What advantage docs pyrex have over other types of glass?

6. Why has it become necessary to develop new alloys?

7. Why are nonc of the pure metals suitable for: airplane construction? auto frames?

8

9

0
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. Why is steel output a barometer of business conditions?
. What is Dowmetal?

10. List the alloys that you know.

Visuar Aips

Exhibits of alloys, aluminum, copper, ccramics, and coal-tar products are helpful and
may be sccured from many industrial sources.

Motion pictures: “Bituminous Coal,” “Iron to Pig Iron,” “Pig Iron to Steel,” Eastman
Classroom films

Torics For Discussion

Ceramic Products Stainless Steel “Alnico”
Meuallurgy of Various Ores Permalloy Refining
Report on any coke plant in your vicinity. Is the tar used or wasted?
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ExPERIMENTS

1. Construct apparatus as shown in the accompanying drawing. TTalf fill the tube A
with crushed bituminous coal. Clamp it in a horizontal position; tap gently to form
a pathway for the escape of gas along the top
of the coal. Conncct the tube to the rest of the
apparatus. Heat the coal vigorously. Ignite the A
fumes escaping from the jet. Continuc heating
until fumes ceasc to come from the coal. Ex-
amine the coke and tar.

2. Heat a small amount of cinnabar in a pyrex E
tube. Very cautiously sniff the gas cvolved. De-
scribe the residue in the tube. What is it?

3. Mix two parts of sand and one part of cement.

Mix in enough water to make a doughy mass. Destructive dis-
Pour this into a candy box (to make a concrete tillation of coal.
brick) or cement some stones together. Let it d

set for 24 hours and examine.
4. Make an alloy such as Wood’s metal which has a low melting point.
5. Purchase a horseshoc magnet made of “Alnico” and study its properties.



11. THE ATMOSPHERE

Which is as thin of substance as the air
And more inconstant than the wind.
—SHAKESPEARE

For ages men have known that they lived in an ocean of some mysteri-
ous substance. They heard the roaring of the winds and experienced the
effects of great storms. In their superstition they attributed these effects
to the wrath of angry gods and to the moaning of lost souls. Today, we
know that these effects are caused by the atmosphcre of gases around the
carth which we term the air. It is not surprising that ancient peoples did
not rccognize the existence of the atmosphere. As long as we are at rest
in the atmosphere, we arc not conscious of it. We only notice it where the
pressure on one side of a surface is grcater than that on the other side, such
as an automobile windshield. The first realization of atmospheric pressure
came when Otto von Guericke pumped out the air from a cask with the
result that the cask collapsed.

Galileo established that air was a material substance by proving that
it had weight. He found that a flask filled with air weighed more than the
samc flask which had been heated to drive out some of the air.

Table 7
GAsrs PresPNT IN 1HE LLOWFR ATMOSPHFRE
Nitrogen .. . ]78.03% tydrogen . 0.01%
Oxygen .. . 20.99% Argon. . 0.949%,
Carbon dioxide 0.03% (approx.) |Neon . . . 0.0018%
Wiater vapor . Variable Helum . . .. |o0.0005%
Xenon . ..... .. . 0 000009 %, Krypton . ... .. 0.00019,

The atmosphere of a heavenly body is the gaseous envelope around it.
On Jupiter the atmosphere is composed partially of methane and ammonia.
On the earth the atmosphere is principally oxygen and nitrogen. The air
is a mixture of various gases. Since thesc gases are not combined in a
chemical way, they do not bear a dcfinite proportion to each other and
the constituents can be scparated by physical means. Neverthelcss, at the
surface of the earth the amount of each is rather constant.

Becausc of the earth’s atmosphere we have a comparatively uniform
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temperature. The radiation from the sun is intercepted so that the earth
becomes neither excessively hot at midday nor too cold at night, as it
would be if therec were no atmosphere. (As has been mentioned on p. 41,
the lack of atmosphere on the moon causes great extremes of temperature
there.) At night the air acts as a blanket that retains the heat of the earth.
Clouds also blanket the earth, preventing scvere extremes of temperature.
Few of us realize the extent to which the air protects us. Even in the polar
regions the temperature rearly falls below —65° Centigrade. The atmos-
phere is like a greenhouse in that it permits the energy of light and heat to
enter, but prevents the escape of heat energy from near the ground. Much
of this protection is due to the water vapor and carbon dioxide. Our atmos-
phere scatters the sunlight, giving us daylight. It also makes possible the
transmission of sound waves.

Oxygen, nitrogen, and carbon dioxide, as well as water vapor, are
all essential for life on the earth. It seems that the proportions of these gases
have remained about the same for long geologic periods. As has been
stated in Chapter 7, it may be that during the coal-forming periods there
was an excessive amount of carbon dioxide in the air, and that during the
glacial ages therc was less than at present; however, we have no direct
evidence for this theory. All animals use atmosphcric oxygen and climinate
carbon dioxide. All plants which contain chlorophyll absorb carbon
dioxide and eliminate oxygen in the daytime. At night the process is re-
verscd. Carbon enters plants by photosynthetic reduction of carbon
dioxide. In this way the balance of oxygen and carbon dioxide in the at-
mosphcre remains rather constant.

Oxygen was first made by Joscph Pricstley (Iig. 94) in 1774. He
heated some mercuric oxide (HgO) and found that the gas given off
caused substances to burn vigorously. Even red-hot iron burned in the
gas. Antoinc Lavoisier (Fig. 95) also studied the ncw gas, giving it the
name oxygen. He also explained the role that the gas plays in combustion.

One of the functions of nitrogen in the air is the dilution of oxygen.
Were the air pure oxygen, fires would be uncontrollable and metals would
oxidize rapidly. On the other hand, life would still be possible because of
the fact that we can breathe pure oxygen. The lungs absorb only the
amount necded and reject the balance. (Because of this fact, oxygen is
used for persons ill with pneumonia, for mountain climbers, and for
aviators.) In the atmosphere, nitrogen is rather incrt. When combined with
oxygen or hydrogen, however, it forms a great number of important com-
pounds. By causing nitrogen and hydrogen to unite in the presence of a
catalyst (see p. 130), ammonia gas is produced. ‘The chemist can usc am-
monia in the production of nitratcs both for fertilizers and for explosives.
It is interesting that, although nitrogen is not active in the air, yet in
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Fic. 94. Joseph Priestley (1733-1804).

English clergyman, schoolteacher and Fie. 95. Antoine Lavoisier
scientist; discovered a number of gases, (1743-1794). Named oxygen and
including oxygen, nitrous and nitric other chemical substances, intro-
oxides, sulfur dioxide, and hydrogen duced quantitative chemistry.
chloride; settled in Northumberland, Has been called the “Father of
Pennsylvania in 1794, where there is now Nutrition.” (Courtesy, Brownlee,
a memorial to him. (Courtesy, “Hackh’s Fuller and Hancock: “Elemen-
Chemical Dictionary,” Philadelphia, The tary Chemistry,” New York,
Blakiston Company.) Allyn and Bacon.)

chemical combination with other elements, it is an important constituent
of such active substances as explosives and protein foods. Many nitrogen
compounds are manufactured from atmospheric nitrogen. A great plant
at Muscle Shoals, Alabama, produces nitrogen compounds in this manner.

Lioump AR

Although oxygen and nitrogen exist as a mixture, it is difficult to sepa-
rate them. Perhaps the best mcthod is that of liquefaction and subsequent
fractional distillation. Air, when highly compressed and cooled, becomes
a liquid. One of the amazing feats of science was the development of a
method for the production of liquid air. In order to change a gas to a
liquid, it is necessary to subject the gas to a certain critical pressure and to
a certain critical temperature. In the process of liquefying air the gas is
first brought to a pressure of about 3,000 pounds per square inch (200
atmospheres) by the pump P (Fig. 96). Since the operation of compres-
sion has heated the gas, it is now cooled by the water in cooler C. The gas
is now allowed to escape through the valve V, the resulting expansion
cooling the air further. This chilled air is recompressed, cooled, and again
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allowed to expand. Thesc operations are continucd until some of the air
becomes a liquid at a temperature of about —192° Centigrade, and drops
into the flask F.

Liquid air has very intcresting properties. Since its temperature is ex-
tremely low, mercury can be frozen when placed in the liquid. Rubber
becomcs a brittle solid, so that a frozen rubber ball will break if bounced
on the floor. Lead becomes so elastic
B that a bell of the mctal at liquid air
: | temperature has a tone like a bell of
silver. Liquid air is used in many com-
mercial operations which involve low
temperatures. If the liquid is poured on
a cake of ice it will boil like water that
is heated on a red-hot stove (Fig. 97).

If liquid air is carcfully heated, the
gases can be scparated. Nitrogen boils
off first. The oxygen follows at a tem-
perature of —182.5° C. Fach of the
inert gases can be isolated by carefully
controlling the tempceraturc. By this
means all the gases can be produced.
It costs but a few cents per cubic foot
to producc the rare gas, argon. Even

Fic. 96. A simplificd diagram of a the rarest gas, xenon, can be produced
liquid air machine. (Courtesy, “Foley’s  at moderate cost.

College Physics,” Philadelphia, The For a long time the inert gases had
Blakiston Company.) ¢ .

no commercial value. Today, argon is
used in the manufacture of electric light bulbs. By filling the bulb with a
small amount of argon and nitrogen, the evaporation of the filament is
retarded, which lengthens the life of the bulb. Everyonc is familiar with
the red glowing signs containing the gas ncon. By using argon, hclium,
and mercury vapor in discharge tubes, various colors are produced in
advertising signs. Up to the present, krypton and xenon have been labora-
tory curiosities, but new uses are developing in clectronic tubes. Helium is
used in balloons, in dirigibles, and in electronic tubes.
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The element helium has been isolated and studied only within the past 40 ycars.
The spectrum lines of helium were observed in the spectrum of the sun by the
astronomer Janssen in 1868.

Up until 1903, helium was a laboratory curiosity. In that year, helium was dis-
covered in gas wells in Texas and Kansas. One of the wells in New Mexico contains
nearly 8 per cent of the gas. In commercial production the natural gas is liquefied.
The helium gas, having the lowest boiling point, leaves the liquid during the frac-
tional distillation.
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Fic. 97. Experiments with liquid air. ¢A) Pouring mercury into
a paper mold to be frozen. (B) A hammer made of mercury being
used to drive a nail. (C) A rubber ball frozen in liquid air breaks
under the blow of a hammer. The pan of liquid air is boiling on
a cake of ice. (Courtesy, Air Reduction Sales Company.)

NATURE oF THE (GASES

We recognize at least three states of matter: gas, liquid, and solid. For
example, the forms of water are ice, liquid water, and the gas called water
vapor. A gas is composed of atoms or molecules which are quite distant
from each other. These particles are in rapid motion, traveling at speeds
of the order of 2,000 feet per second. They are believed to be constantly
colliding and flying apart, moving in various directions. We can easily test
this theory by opening a bottle of ammonia in the room. Within a few
seconds the odor of ammonia can be detected in all parts of the room be-

cause of the rapid diffusion of the gas. The higher the temperature, the
greater the soeed.
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Inasmuch as molecules are invisible, indirect methods must be used in
the determination of molecular speeds. Most of our methods for the study
of gases arc based on the results of the work of Boyle, Charles, and Gav-
Lussac. These early mvestlgators studied the properties of gases and sum-
marized their results in the laws named after them.

Boyle thought of air as an elastic fluid. By a series of interesting ex-
periments he established Boyle’s Law: If the temperature of a gas remains
constant, the volune of a given mass of it varies inversely as the pressure
to which it is subjected. This means that as the pressure on the gas is in-
creased, the volume becomes smaller. For example, a cubic foot of air at
atmospheric pressurc (14.7 Ib. per squarc inch) would have a volume of
only % cubic foot if the pressure were made twice as great (29.4 Ib. per
square inch). If the pressure were made four times as great, the volume
would be only one-fourth as great. The reason for this effect is that the
pressure excrted by a gas is due to the combined i impacts of the molecules
as they strike the walls of the container. As the volume is halved, the num-
ber of molecules remaining the same, there will be twice as many impacts
per second, hence twice the pressure.

The Law of Charles deals with the effect of temperaturc on a gas. The
law states that all of the common gases undergo a change in volume of
Ya1s of their volume at 0° Centigrade when the temperature of the gas
is raised one degrce Centigrade, the pressure remaining the same. If one
cubic centimeter (1 cc.) of air at 0° C. is heated to 1° C. without chang-
ing the pressure, the new volume will be 274,75 cc. If 100 cc. of air
changes from 0° C. to 20° C,, the pressure being constant, the new vol-
ume will be 100 4- 200%;, which is 107.3 cc. Conversely, if the gas is
cooled from 0° C. to —100° C,, the new volume will be 100 — 10,0004, .,
or 63.4 cc.

If we were ablc to lower the temperature to —273° C,, it would ap-
pear that there would be no volume. Actually all gases including helium
become liquids before this temperaturce is reached. The temperature of
—273° C. is called the absolute zero (see p. 301).

By studying the changes of volume with pressure and temperature,
we arrive at the conclusion that a space such as the room is filled with
molecular bullets moving at speeds of perhaps 2,000 feet per sccond, col-
liding with each other and rebounding from the walls. The lightest gases
—for example, hydrogen—seem to have the hlghest speeds at any given
temperaturc. Because of the gravitational attraction of the earth, the slow-
moving molecules are held close to the surface, while the lighter gases can
escape. It is believed that all of the gases on the moon have escaped dur-
ing past ages because of the small force of gravity on the moon.

Because we are unable to see air, we fail to realize that it is made up of
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any material substance. However, when a strong wind is blowing and we
arc obliged to push ourselves against it, we realize that even though we
cannot sce it we are being pushed by the force of air pressure. A wind of
tornado velocity can wreck buildings. If we could inscrt a little window
in the side of a tire which is supporting a heavy weight, we would be
unable to sce anything inside the tire. But if we puncture the tire we
hear the escaping gas and the tire flattens. Thus we realize that the air is
supporting weight. The millions of air particles are constantly bombard-
ing the inside of the tire, thus causing the pressure.

As a person climbs or flies to an altitude of several thousand feet, he
notices a difficulty in breathing because of the thin air. It is necessary for
him to breathe in more of the air to secure sufficient oxygen. At very
high altitudes, tanks of oxygen must be carried. It is estimated that the
air extends to a height of about 300 miles. One-half of the air by weight
lies below the three-mile level.

In 1935, Albert Stevens and Orvil Anderson using a stratosphere
balloon, The Explorer 1I, reached a height of 13.7 miles (72,395 feet).
At this height the air pressure was 0.6 Ib. per sq. inch, or 4 per cent of
the pressurce at sea level. The aviators were scaled in a spherical ball of
Dowmetal and breathed oxygen from liquid air. They found that at
this clevation the stars were shining in the daytime because there was
little atmosphere to scatter the light. The sky was black. At present,
rockets are being sent up to heights of more than 100 miles in order to
study the upper atmosphere.

Some of the interesting facts about the atmosphere are shown in
Fig. 98. The atmosphere is divided into two layers, the troposphere and
the stratosphere. In the troposphere the air is always in motion and water
vapor is found in the layer. In the stratosphere there are no convection
currents and the temperature is rather constant, about —60° C. Above
70 or 80 miles the atmosphere probably consists mainly of hydrogen and

Table 8
Altitude Barometric Height | Pressure
) (m.) (mullibars)
o .. .. 29 92 1,013
2,000 27 80 945
4,000. . 25 80 875
10,000. 20.60 700

helium. In the flight of Stevens and Anderson it was found that an ozone
layer exists at a height of about 10 miles. Since ozone absorbs ultraviolet
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F1c. 98. Some facts about our atmosphere. (Courtesy, “Foley’s College Physics,” Phila-
delphia, The Blakiston Company.)
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rays strongly, this layer may be responsible for the absence of short ultra-
violet radiations in the sun’s rays striking the earth. It was also noted that
the intensity of cosmic rays (see p. 417) was greatly increased at the
height of 13 miles. Due to the uniform atmospheric conditions, airplanes
often travel in the lower stratosphere. IJowever, because of the rarefied

atmosphere, the passenger compartments arc sealed and oxygen is supplied
to both persons and engines,

WEIGHT AND PRESSURE OF AIR

Air is a substance which occupies space and has a definite weight. One
liter (about one quart) of clean dry air weighs 1.293 grams at 0° C.
(32° F.) and 760 millimeters pressure. This is equivalent to about one
ounce per cubic foot. The air in an average room weighs more than 100
pounds. Because the air has weight, the blanket of air which covers the
surface of the earth exerts an enormous force upon the surface.

A new fluffy pillow is light in weight. When 100 such pillows are
piled on top of cach other, the total weight will be considerable. The
feathers in the top pillow will not be pressed together while those in the
bottom pillow will be very compact. In the same way the molecules of
gas making up the air are widely scattered at high altitudes but the lower
molecules are highly compressed. The air excrts an average pressure of
14.7 pounds per square inch at sea level, and 12.1 pounds per square inch
at an altitude of onc mile. A man of ordinary size has a force on his body
of about 14 tons, but, because of the air in his body cells, he is not aware
of this great force unless he ascends rapidly. Airplane travelers are ad-
vised to swallow while the plane is rising. This equalizes the pressure in
the middle ear.

We utilize the pressure of the atmosphere in many common opera-
tions of daily life. We “suck” liquids through a straw by creating a
vacuum in the tube. The atmosphere then forces the liquid up into the
tube. (In ancicnt times the explanation was, “Nature abhors a vacuum.”)
In the ordinary lift pump (Fig. 99), the upward motion of the piston
creates a vacuum in the pipe, and the water is forced up to a height of
about 33 fect by atmospheric pressure. It is evident that the piston must
be within 33 feet of the water surface in the well if the pump is to oper-
ate. In the operation of the pump, the valve V opens as the piston rises.
Water flows into the pump chamber C duc to the atmospheric pressure.
As the piston descends, the valve ¥ closes and the valve P opens, permit-
ting the water to flow into the upper part of the pump cylinder. The
siphon (Fig. 100) is another interesting application of the pressure of
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Fic. 9. (Left) The lift pump. (Courtesy, “Foley’s College Physics,” Philadelphia,
The Blakiston Company.)

Fic. 100. (Right) Tze siphon. (Courtesy, “Foley’s College Physics,” Philadelphia,
The Blakiston Company.)

the atmosphere. The device is used to transfer a liquid from one con-
tainer to another at a lower level. A siphon cannot be used to drain liquid
from a lower to a higher level. Since a siphon operates by atmospheric
pressure, the height b cannot be greater than 33 feet. The level of the
liquid in the vessel W must be lower than the level in the vessel V. Many
a householder has tried in vain to drain the cellar by placing one end of
the hose on the lawn and the other at a lower level in the cellar. An in-
teresting experiment for illustrating the great force of the atmosphere can
be performed in the following way: Some water is placed in an empty can
having a small opening which can be closed by a cork. The water is boiled
with the can open so that the steam will force the air from the can. After
the water has boiled vigorously for about one minute, the can is removed
from the flame and closed with a cork. As the water vapor condenses, a
partial vacuum is created in the can and the force on the outside crushes

Fic. 101. Tlustrating the effect of atmospheric pressure. The can on the left is at at-
mospheric pressure. Some air has been exhausted from the can on the right.
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the can (Fig. 101). A variation of the experiment is to exhaust the air
with a vacuum pump.

MEASUREMENT OF AIR PRESSURE

The barometer is the instrument used to mcasure air pressure. It can
be made by filling with mercury a stout glass tube about 33 inches long
sealed at one end. A finger is placed over the
open end (Fig. 102) and the tube is inverted in
a dish of mercury. A column of mercury (b)
approximately 30 inches high will remain in
the tube, being supported by the air pressure
on the mercury in the dish. As the air pressure
varies, the height of the column changes. F ig.
103 illustrates a commercial mercurial ba-
rometer.

Imagine a similar open tube of air reaching
out into space to the top of the atmosphere and
resting in the dish of mercury beside the closed
tube. The short column of mercury in the
closed tube has the same weight as the air in
the long column. As the air pressure varies, the
height of the mercury column changes. If the
air is lighter, the mercury falls. There is a defi-
nite rclation between the mercury reading and
the weather. Low barometers usually indicate
storms, while high barometers usually mean Fic. 102. The barome-
clear weather. In a storm area the cyclonic cf- ter. (Courtesy, “Foley’s
fect produces a partial vacuum and the barome- College  Physics,”  Phila-

it delphia, The Blakiston
ter falls. In clear weather the air is usually dense  Company.)
and contains less water vapor.

Mercury is used in barometers for the following reasons:

L. Its specific gravity (see p. 247) is 13.6. It is the heaviest liquid
known at ordinary temperatures. This makes a short column possible.
Were water uscd, the barometer would need to be about 35 feet high.

2. Mercury docs not wet glass.

3. Mercury is quite easily visible.

4. Mercury boils at 357° C. and freezes at —39° C. so that it can be
used over most of the carth.

It is possible to make a water barometer and there is an interesting story in con-
nection with the first one ever made. Otto von Guericke, the burgomaster of the city
of Magdcburg, while studying atmospheric pressure, erected a long tube closed at
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Fic. 103.
A barome-
ter. (Cour-
tesy, Central
Scientific
Company.)

THE ATMOSPHERE

one end and reaching from the cellar to the roof of the house. A
wooden image was placed in the tube so that it floated on the water.
On fine days this weather prophet would rise above the house tops,
while in foul weather—at its approach, in fact—it would retire below
the roof. The superstitious citizens of Magdeburg thought that von
Guericke was in league with the devil. We must remember that the
experiment was performed in the year 1650.

Another type of barometer, the aneroid, consists of a
cylindrical box with a flexible cover. Most of the air in the
box is removed. The flexible cover rises and falls as the air
pressure varies, its motion being transmitted to a pointer by
means of levers. This type of barometer is both sensitive and
portable. Because the atmospheric pressure decreases with
altitude (about 0.1 inch per 100 feet) aviators use a modi-
fied form of the aneroid to measure height. A good altimeter
can measurc a height change of as little as 2 feet. Fig. 104
illustrates a common type of aneroid barometer.

COMPRESSED AIR

Compressed air is capable of exerting great force and is
put to work in many devices. We are familiar with the signs
on the rear of some trucks and buses—“Caution: Air Brakes.”
Railroad trains and trolleys would be unable to travel with
safety at high speeds if they were not equipped with air
brakes to enable them to stop quickly. Compressed air is
used to spray paint, to sand-scour the outside of stone build-
ings, and to perform many other tasks in industry. It is one
of our cheapest and most efficient tools.

When underwater tunnels and the foundations for
bridges are being built, huge tanks called caissons are used.
These are heavy and bottomless, resting on the bed of the
river. In the upper part are two or more chambers, each
sealed. Men go down into the first and remain until they
are accustomed to the slight increase of pressure which is
maintained there. Then they descend to the next chamber
for a further increase in pressure. When they have become
accustomed to this pressure they go to the floor of the cais-
son where they work under great pressure on the floor of
the river, removing mud and laying the foundations for the
structure. Air under high pressure is continually forced into
the caisson to keep the water out (Fig. 105).

Men cannot work more than a few hours a day under

such pressure and are unable to work at this occupation for many years.
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They frequently succumb to a condition known as “caisson bends.” Under
such great pressurc an cxcessive amount of air is forced into the blood.
Nitrogen cannot be removed by body cclls so that when a man comes to
the surface too rapidly, the nitrogen, being unable to escape from the
blood through the lungs rapidly cnough, bubbles out into the blood ves-
sels. This is why men cannot leave a submerged submarine and rise to the
surface of the water unless special means are provided. Helium mixed with
air has been found helpful as a preventive of “bends.”

BUOYANCY

The principle of buoyancy is de-
scribed in Chapter 17. At this point
we shall illustrate it as follows: 10,000
cubic feet of air under ordinary con-
ditions of temperature and pressure
weigh about 800 pounds. Supposc that
we have a balloon of 10,000 cubic feet
capacity which weighs 500 pounds.
If this is filled with 10,000 cubic
fect of air at normal pressure it will
weigh a total of 1300 pounds. Since it
displaces only 800 pounds of air, the
balloon will not rise, because the
buoyant force is not great cnough.
However, if the balloon is filled with
10,000 cubic feet of hydrogen weigh- Fie. 104. An ancroid baro:neter.
ing only 56 pounds, the total weight ‘()Sgl‘:“zsfy’ m%grzndpﬁsglt:{; gﬁ:
will be 556 pounds instcad of 1300 delphia, The Blakiston Company.)
pounds and the balloon will rise in
air. The balloon will have a lifting power of 244 pounds or the difference
between the air displaced and the weight of the balloon and hydrogen.
Had we used helium instead of hydrogen the lifting power would be
slightly less, since 10,000 cubic feet of helium weighs about 100 pounds.
In this case the lifting power would be 200 pounds.

Now let us consider two other phenomena. Suppose our balloon with-
out its load rises so high that it reaches air, which, because of its rarity,
weighs only 556 pounds per 10,000 cubic feet. The balloon will stop ris-
ing and will float at that level. If the sun shines on the balloon, causin
it to expand, the balloon will be larger than 10,000 cubic feet, will weigh
less per cubic foot than the air, and will rise higher. Or if, with the
coming of night, the gas is cooled, shrinking to less than 10,000 cubic
feet, the balloon will sink. In the stratosphere flight of Stevens and Ander-
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son, the bag was initially only one-third inflated so that upon rising to
higher altitudes the expansion would increase the lifting power. They
began the ascent before sunrisc. Why?

Balloons are large bags filled with hydrogen or helium to which a
basket is attached. They depend upon the wind for motive power and di-

.
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Fig. 105. A caisson. E and E' are com-
pression chambers. The workmen operate
in chamber A. (Courtcsy, Bowden: “Foun-
dations of Science,” Philadelphia, The
Blakiston Company.)

rection of flight as they cannot be steered. When they are relcased from

the ground they rise until they displace a weight of air equal to their own
weight.

The balloonist can cause a balloon to rise higher by emptying sand
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bags which are carried as ballast. He may cause the bag to descend by
opening the valve in the bag, thus allowing the gas to escape. Since the
balloon weighs less after some gas is removed, why docs the balloon de-
scend? (This question is left as an excrcise for the student.)

Although blimps and dirigibles are maintained in the air by rigid gas
compartments, they are propelled by motors. When they wish to descend
air is pumped into reserve tanks, thus increasing the weight. The hydro-
gen or helium is not disturbed.

AIRPILANES

Airplancs are different in principle from balloons, being heavier than
the air displaced. They are propelled by motors and maintained aloft by
the pressurc of the air bencath them. The action resembles that of a kite
floating in the wind. By means of whirling propellers, an artificial wind
is maintaincd to keep the plane in the air, This wind is deflected by the
wings so as to exert a force nearly perpendicular to the wing surfaces.
The slope and curvature of the wings have been carefully calculated to
produce forces which support the plane.

The first successful power flight was made by Orville and Wilbur
Wright in 1903. Since that time great progress has been made in the op-
cration of heavier-than-air machines. A discussion of the forces which
support the airplane will be found in Chapter 21.
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QUESTIONS AND PROBI.EMS

1. Why do balloons tend to rise when the sun heats the cnclosed gas?

2. What is meant by fractional distillation?

3. Why arc somc mountains snow-covered in summer, while adjacent valleys arc
uncomfortably warm?

4. If you were 12 miles up in the atmosphere, could you sce to read a book? Faplain?

5. Can you suggest a way by which a submarine could descend nto the water?

6. If you open a bottle of ammonia at onc point in a room, within a few seconds
the odor is detectable everywhere. Fxplain,
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11.

12.

13.

14.

15.

. A balloon and contents weigh 500 Ib. It displaces 800 Ib. of air. What is the lift-

ing power?

. Why do we use a straw to suck lemonade?
. What does a mercury barometer indicate?
. Why not usc the aneroid baromcter exclusively and discard the mercury barome-

ter?

A tank of air at atmospheric pressure has the pressure tripled. How will the
volume change? Answer: Reduced to one third.

Five hundred cc. of air is heated from 0° C. to 50° C. How will the volume
change? Answer: Increase of 91 cc.

Mercury is 13.6 times as heavy as watcr. How high would a water barometer
be? Answer: 1033.6 cm. at standard conditions.

Five hundred cc. of gas at 0° C. and 1 atm. pressure will have what volume if
the pressure is increased to 3 atmospheres and the temperature remans constant?
Answer: 166 cc.

Would water boil at 100° C. on Mars? Explain.

VisuaL Aip

“Liquid Air,” General Electric Co.

Torics ¥or DiscussioNn

Dirigibles Heliocopters Stratosphere Flights
Liquid Air Airplanes The Jet-propelled Planc
Priestley
EXPERIMENTS
1. Oxycen. Heat a mixture of equal parts of potassium chlorate and manganese

dioxide in a pyrex test tube. Collect some of the gas in bottles and test it by
glowing splints and By red-hot picture wirc. (Consult any chemistry text.)

. Nrrrocen. The reader may consult any chemistry text for a method of produc-

tion.

. CarsoN Dioxme. Place a small amount of limewater (calcium hydroxide) in a

shallow dish and expose it to the air for about an hour. White calcium carbonate
will be formed and the limewater will turn milky. This proves the presence of
carbon dioxide in the air. To prove the statement, place some hydrochloric acid
on marble chips and cause the gas which is evolved to pass into limewater. To
show the presence of carbon dioxide in the breath, bubble the cxpired air into
the limewater.

. Water. A glass of ice water is sometimes covered with a film of moisture which

has condensed from the air. Dew is another illustration of water condensed from
the air.

. Dust. Allow the sunlight to shine through a tiny slit into a darkened room. Dust

particles will be seen floating in the beam.

. WElcirr oF AIr. Balance two corked flasks on a pan balance. Uncork one and hecat

it until it is quite hot. Remove it from the flame and quickly cork it. When it is
cool, replace it on the pan. Is there still a balance? Fxplain.
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7. Boil a few cubic centimeters of water in a flask, remove it from the hcat, and
tightly tie a sheet of rubber over the mouth. Explain what happens.

8. Purchase a toy model airplance and examine the wing structure.

9. If liquid air can be secured, perform some of the common experiments.

10. Study the principle of the aneroid by soldering the short arm of a lever to the
top of a scaled can of vacuum-packed coffec. The changes in atmospheric pres-
surc will be observed on a scale at the end of the long arm.



12. WINDS AND WEATHER

To talk of the weather, it’s nothing but folly,
For when it rains on the bill, it shines in the valley.
—DEeNHAM

Some of the most interesting of natural phenomena arc those atmos-
pheric features which we call weather. Man has always used the weather
as a topic of conversation; consequently many false ideas have arisen in
past generations. Many people believe that winters in past decades were
more severe than the present winters. Actually, scientific records indicate
that this belicf is open to question. It is commonly believed that storms
always occur during the equinoxes, that a period of mild weather called
“Indian Summer” always occurs in late fall, that explosions of gunpowder
cause rain on July Fourth, that if the groundhog sees his shadow on Feb-
ruary Second, six weeks of winter will follow, that aching corns indicate
rainy weather, that thick onion skins indicate a cold winter, that if it
rains on Easter Sunday it will rain for the next four Sundays. Nonc of
these beliefs has a basis of fact. We cannot predict the weather for more
than a few hours in advance.

Many interesting couplets about the weather have been handed
down from generation to gencration in past years. It may be of interest
to list a few:

Evening red and morning gray
Send the traveler on his way.
Evening gray and morning red
Send the rain upon his head.

When the wind is in the south,
The rain is in the mouth.

Mackerel sky and hairy tails
Make the sailors furl their sails.

A rainbow in the morning
Makes sailors take warning,
A rainbow at night

Is the sailors’ delight.

There is a definite relation between varying air pressure and the
weather, As the sun heats an area of the earth, the air over this area
becomes warmer and less dense. Conscquently, a grcat mass of air rises into

160
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the upper atmosphere and is replaced by cooler air from the surroundin
areas. Over a large cool arca, which may be several hundred miles distant
from the warm area, the air, being more dense than the surroundings, sinks
to the ground and flows outward. Between these two areas, air is in hori-
zontal motion. This horizontal movement of air from the region of bigh
pressure to a region of low pressure is called a wind. The currents of air
moving wvertically constitute calms. These circulations of air are the
principal causes of weather.
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Fic. 106. Wind belts of the world. The rising
air of the doldrums flows north and south and
gradually drops at the “horse latitudes.” This
air returns as the trade winds. Another part
of the upper air forms the prevailing westerhes.

Weather is greatly influenced by belts of prevailing winds. There
are on the earth four large regions of rather constant wind motion known
as planetary wind belts. Separating the wind belts are regions of little or
no wind called calm belts. Because cach belt merges gradually into the
adjacent belts and also because air movement is modified by the unequal
heating of land and ocean masses, no definite boundaries can be given
for each belt, so that the latitudes noted in Fig. 106 are only approxi-
mate. In the northern hemisphere the belts shift about 5 degrees north-
ward in summer and about 5 degrces southward in winter.

Of all regions, the equatorial zone receives the greatest amount of heat
from the sun. This is partly due to the approximately equal days and
nights, but primarily it is due to the fact that the cquator receives direct
rather than slanting rays of sunlight. A beam of sunlight one foot square



162 WINDS AND WEATHER

striking the ground from directly overhead hcats one squarc foot of
ground, whereas the same beam striking the ground from an angle dis-
tributes the same heat over several square feet, so that cach square foot
receives correspondingly less heat.

The result is a rather steady upward flow of air. Because the air is
moving upward over a great arca, no wind is felt, hence the equatorial
zone is a belt of calms, called the doldrumns. Most of the equator lics over
water, and, as there is more water vapor per unit volume in warm air than
in cold air, the rising air over the equator is “saturated with moisture.”

As the air reaches an altitude of a few thousand feet it cxpands, and, in
cxpanding, becomes cool. As the air cools some of the water vapor con-
denses, subscquently there are almost daily downpours of rain over the
cquator. At the equator the weather varics little from day to day. The
mornings and nights are usually cool, although at many locations along
the seacoast the night temperatures are nearly as high as those in the day-
time. The temperature and the humidity rise during the forcnoon after
which a heavy rain falls. Because of the hcavy rainfall and the high hu-
midity, commercial activity in these regions is rather limited. Many per-
sons are unablc to live in the tropical regions because of the unfavorable
climatic conditions.

WIiNDs

As has been stated, air moving from a region of high pressure to one
of low pressure constitutes a wind. Winds are strong when the difference
between the high and low pressurcs is great. If the pressure difference is
not great we have gentle breczes of from 1 to 5 miles per hour. An average
“high” is about 30.0 inches on the barometer and a “low” averages 29.5
inches. If the pressure drops to 29 inches, therc is danger of a hurricane.
(At Philadelphia the highest pressure on record is 31.02 inches and the
lowest 28.54 inches.)

An interesting type of wind is the brecze along the coasts. Land ab-
sorbs heat and loses heat more rapidly than watcr. During the summer day
the land is being warmed by the sun. As the warm air rises, cooler air from
the ocean flows toward the land, giving us the afternoon sca breeze. At
night the land cools more rapidly than the water so that the cool air flows
out from the land. This is the night land brceze. Anyone who wishes to
sleep in comfort at the scashore in summer should have a room with a
window on the landward side to secure the night land breeze. In winter
the land cools more rapidly than the water so that winter resorts are often
located ncar the scacoast in order to secure a more modcrate climate.

Monsoons are the seasonal winds which occur in various parts of the
world, especially in India. Much of India has a dry winter and a rainy
summer season. From October to March the wind blows from the north-
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east since the land is cooler than the water. Because it is cool dry air
sweeping down from the mountains, there is little rainfall. In Junc the air
flows in from the sca and produces a very heavy rainfall which sometimes
reaches a high value of 80 inches per year.

Trave Winbs. Air is continually moving toward the equator, replacing
the rising air of the doldrums. This results in a belt of steady winds known
as the trade winds on either side of the equator. The trade winds become
warmer as they approach the equator and the rainfall is rather infrequent.
The winds sweeping over large land areas cause evaporation of the water
and produce desert arcas in parts of Australia, Western South America,
and Western Africa. The Sahara is in the trade wind belt. On the other
hand, if the trade winds blow from the sea over the land we may have
great precipitation, as in Brazil and the Fast Indies. Some mountainous
islands in the trade wind belt havc heavy rainfall on the eastward side and
a desert region on the westward side.

Were it not for the rotation of the carth, the trade winds would blow
directly toward the equator from the north and south. However, because
the earth is rotating on its axis from west to east, the winds acquire a west-
erly direction, coming from the northcast and southeast. (Winds are
named from the direction from which they come, hence Northcast and
Southeast Trades.) A point on the earth at the equator is moving about
25,000 miles in 24 hours, more than 1000 miles an hour. A point on the
earth at latitude 45 degrees is moving only about 700 miles per hour, while
a point near the polc has very little motion.

Since the moving air tends to retain the speed of the point whence it
comies, the winds moving over the earth’s surface from latitude 45 degrees
toward the cquator lag behind the carth, thus acquiring a westerly direc-
tion of flow. The direction of air flow is stated by Ferrel’s Law: To one
[acing the equator, moving wind and water are deflected toward the right
in the northern bemisphere and toward the left in the southern bemispbere.

An illustration of this effect is furnished by the merry-go-round. Suppose that a
person on the moving platform decides to walk across the platform directly toward
a point in the building. Because the platform is moving ahead as he walks across, he
will walk diagonally across the platform. Another illustration is to rotate an carth
globe counter-clockwise while a chalk line is drawn from the pole directly toward
the equator. The chalk line will be curved.

ANTITRADE WINDS. As the heated air rises to a height of about 6 miles
at the doldrums it is cooled by expansion and deflected eastward by the
rotation of the earth. This air flows poleward in the upper troposphere,
forming antitrades. These winds are very complex due to irregularities of
temperature. Some of this moving air gradually settles to the earth form-
ing two calm belts known as the “borse latitudes.” Because the air is dense
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and there is little water vapor, rainfall is infrequent in these belts. Some
of the region is desert.

Some of the air flows farther north and forms the polar air currents
which seem to circle the pole and return southward. This polar air is a
partial cause of the blizzards in the prevailing westerlies belts.

PrevAILING WESTERLIFS. Some of the air drifting poleward drifts down
to earth in the temperate zones, forming the prevailing westerlics. The
direction of air flow is due to the fact that the antitrades are flowing pole-
ward, that is, from the equator to points which are moving more slowly.
This has the effect of deflecting the air eastward, hence the term prevailing
westerlies.

The movement of the prevailing westerlies, a belt of irregular storms,
is influenced by topography and other conditions. During the winter the
United States lies almost entirely in the prevailing westerlies belt. During
the summer the southern ticr of the states lies in the horse latitudes. South
of the cquator the belt is almost unbroken by land so that the winds are
strong and steady, being referred to by sailors as the “roaring forties” (40
degrees south to 50 degrees south latitude).

STorRMS

The belts of prevailing westerlies are characterized by a succession of
storm areas which arc carried eastward by a general movement of air.
These storm areas arc regions of rising air currents and are known as lows
because the decreased pressure results in low barometer readings. Lows
are small circular replicas of the doldrums. As the air in a low rises it be-
comes cooled, frequently to such an extent that precipitation of rain or
snow results.

In addition to the prevailing westerlies drift, a current of cold air moves
down from the poles. As this cold air layer moving toward the west meets
the warmer equatorial air drifting toward the east, a circulation of air
called a cyclone results. A cyclone is a storm several hundred miles in
diameter which moves castward across the United States and Canada. A
cyclone may be a feeble whirling mass of air or it may assume the danger-
ous speed of a hurricane or tornado. Since the center of a cyclone is a calm
(low), air blows toward this low from all directions where the pressure
is higher (hugh). For this reason a cyclone in the central part of the United
States is forecast on the eastern coast by the easterly winds which blow
from the Atlantic. An cast wind means that a storm area is moving from
the west. Winter storms generally move about 700 miles per day, while
the summer disturbances travel only about 500 miles per day.

TORNADOES, HURRICANES, AND TYPHOONS

A tornado is a rapidly whirling funnel of uprushing air in the center
of which there is a very low pressurc (Fig. 107). The tornado itself usually
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Fie. 107. A tornado. (Photos by Mrs. Roy Homer. Courtesy, Menzcl: “Our Sun,”
Philadelphia, The Blakiston Company.)

travels about 25 miles per hour but the whirling air has a speed which has
been estimated at from 100 to 500 miles per hour. When the center of a
tornado passes over a building in which there is air at normal pressure,
an explosxon may result causing the walls of the building to be blown
outward. Tornadoes are of short duration and cover a narrow path not
over a few hundred feet wide. The region between the Rockies and the
Appalachians seems to be best suited for the development of such storms.
The exact cause of tornadoes is not known, but it is believed that currents
of air blowing in opposite directions at about the cloud level develop a
tremendous whirl. It is estimated that tornadoes take the lives of about
300 people each year. Unfortunately they arise too rapidly to be forecast
successfully. -

Destructive storms covering large areas are called typhoons and hurri-
canes. Many hurricanes develop in the West Indies and move west, then
northwest and north. After a hurricane reaches the belt of prevailing
westerlies, it usually moves out to sea. The most disastrous hurricane ever
recorded along the Atlantic seaboard of the United States occurred on
September 21, 1938. A typical Caribbean hurricane suddenly shifted its
course and struck southern New England with tremendous force. Com-
bined with the storm was an exceptionally high tide, a spring tide (see
p- 45). The combined effect of the storm and water destroyed hundreds
of millions of dollars worth of property and caused the death of several
hundred people.

PRECIPITATION IN A LOW

Rain or snow starts at about the center of a low or very slightly in
advance of it and continues until the low has moved well past. However,
rain or snow do not necessarily accompany every low. Sometimes the sky
is clear, sometimes overcast, sometimes there are scattered showers.
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Numerous conditions contribute toward making rainfall. The most im-
portant factor is that water vapor must be cooled to a temperature below
the saturation point.

THUNDERSTORMS

We are all familiar with the afternoon or evening thunderstorms which
frequently occur on a hot day during which there has been little or no
wind. Intense convection currents have been set up as a result of these con-
ditions. Warm air rises, reaches the condensation point, and forms a cu-
mulus cloud. If the condensation is rapid, a cumulo-nimbus cloud is
formed. Cold air rushes down in the rear to replace the rising warm air,
forming a squall and a violent wind. Just before the storm, the barometer
falls duc to the rising air. As the center of the storm approaches, gusty
winds are noticed and a heavy downpour of large raindrops occurs, finally
settling down to a steady rain. When the storm reaches the obscrver the
barometer begins to risc as the cold descending air rushes forward. After
a lightning flash, the small electrically charged drops coalescc and we have
a violent downpour of rain or hail. The passage of the thunderstorm is
accompanicd by a rapid fall in temperaturc.

Thunderstorms cannot occur unless there has been a great evaporation
of moisture with resulting high humidity. Thcy may occur at any time of
day and in any season, even during the wintcr, alrhough the temperate
zones do not have thunderstorms very often in winter because high
humidity and rapid evaporation are usually absent.

HicH PresSURE AREAS (ANTICYCLONES)

There are also regions of cool descending air known as “high” arcas
because of the high air pressurc and thc high barometric reading. In the
center of the highs and lows the motion of the air is vertical. Usually highs
that follow lows bring clear weather while lows that follow highs cause
stormy conditions. Winds about a low area shift in a counter-clockwise
dircction and those about a high area shift in a clockwise direction.

Humiprry

The amount of moisture in the air depends upon the temperature. By
moisture in this connection we mean invisible gaseous water vapor, rather
than rain, fog, or water in any liquid state. (See Appendix IV for the
relationship betwcen temperature and maximum water vapor content.)

The absolute bumidity is expressed as the amount of water vapor
present either as grains per cubic foot or grams per cubic meter. More
commonly we use the term relative bumidity. Relative bumidity is the
amount of water vapor in unit volume of space compared to the total
arnount that could be contained in unit volume under the same conditions
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of temperature and pressure. It is expressed as a percentage. For example,
Appendix IV shows that at a temperature of 69° F., the saturation amount
is 18.14 grams per cubic meter. If the amount actually present is 9.07
grams per cubic meter, the relative humidity is 50 per cent. Or, if the
saturation amount at 70° F. is 8 grains per cubic foot and the amount
actually present is 2.4 grains per cubic foot, the relative humidity is 30
per cent.

Even in air which scems very dry, as air over a desert, there is some
water vapor. The desert in northern Africa has an average relative humidity
of 10 per cent. Because of the low water vapor content, the temperatures
on the Sahara descrt often range from 130° F. in the daytime to below
freezing at night. Water vapor acts like a blanket to prevent excessive
heating of the earth in the daytime and to check cxcessive radiation of heat
at night.

Water vapor also prevents excessive evaporation. During the summer
of 1949 part of the United States expericnced a drought. Plant life dricd
out to such an extent that it died. This was due to the excessive evapora-
tion from the leaves. Plants such as cacti whose habitat is a dry region are
protected against excessive evaporation by having small leaves (spines and
needles) and few stomata,

It is correct to state that the air is saturated with moisture. We must
remember, however, when we speak of a cubic meter of air holding a
certain amount of water vapor, that we really mecan a cubic meter of
space. One 1nust not forget that water vapor is a colorless gas and not a
liquid. 1t is incorrect to say that the “air is full of water.” If we look into
a teakettlc when steam is issuing from the spout, we see nothing but water.
‘The water vapor above the water is invisible, When the steam issucs from
the spout it changes to water and becomes visible.

CONTROL OF BODY TEMPERATURE

The amount of water vapor surrounding us has such a great influence
on our comfort that we frequently confuse temperature with humidity.
We are endowed with several methods for increasing or dccreasing body
hcat in order to maintain a rather constant temperature of about 98.6° F.

One of these methods is the evaporation of water, called perspiration,
from the skin. When the humidity is high, perspiration does not readily
evaporate from the skin, just as clothes fail to dry when hung out on a
day having excessive humidity. As a result, body heat is not dissipated.
We feel warm, damp, and uncomfortable. In warm weather much mois-
turc comes to the skin. Most physicians feel that a humidity of about 40
per cent at a temperature of 68° F. is most satisfactory. To attain this con-
dition is one of thc aims of air-conditioning apparatus (sce p. 178).
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MEASUREMENT OF HUMIDITY

Some materials are quite sensitive to moisture. They may shrink,
stretch, or change color with changes of humidity. Devices which are
reasonably accurate for measuring relative humidity can be made from
them. One such device, the hair hygrometer, is made by fastening one end
of a long hair to a rigid box and the other end to a wheel kept under ten-
sion by a spring. As the hair stretches, the spring curls it around the wheel.
As the hair shrinks the spring unwinds. A long human hair which has had
its oil removed by alcohol is frequently used.
Human hair changes its length by 3 2o when trans-
ferred from dry to saturated air. Such devices are
not very accurate and are really burnidiguides. They
indicate the humidity but cannot predict the
weather. Their value as weather prophets depends
upon the fact that the humidity is usually greater in
a low pressure arca than in a high pressurc arca.
They arc often made in the form of novelties, one
of which is the familiar little doll which moves in
and out of a house as weather changes arc cxpected.
The chemical garden is another illustration of the
effect of humidity.

Relative humidity may be measured to an ac-

Fic. 108. Wetr and Suracy of within 5 per cent by wet and dry- bulb
dry bulb hygrometer. thermometers. Therc are several forms of this ap-
(Courtesy, ~ Central  paratus on the market (Fig. 108). The dry bulb
Scientific Company.)  pcasures the actual room temperature. The bulb of
the other thermometer is covered by a wick which is soaked in water. In
very dry air, moisture evaporates rapidly from the wick, lowcring the
bulb temperature, If the humidity is high, there is a slow evaporation and
only a slight depression of the thermometer. If the air is saturated, both
thermometers will read the same since no evaporation can take place. It
is important to emphasize that the difference in temperature is not a di-
rect measurc of the relative humidity. Tables must be used for a humidity
determination. (See Appendix III.)

PrECIPITATION

DEew. After sunset some of the heat of the land is radiated out into
spacc. As the air immediately in contact with the ground becomes cooled
below the saturation tempcrature, moisturc is often condensed as dew on
the ground. Many people use the cxpression, “The dew is falling.” Dew
does not fall, but is produced by condensation of water vapor on objects
because of the cooling of the air around the objects. In fact, dew may rise
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from the earth! Dew is not often found on cloudy nights, because the
clouds act as a blanket to hinder the radiation of heat from the carth. On
windy nights the air docs not remain in contact with the ground long
enough to rcach the dew point. The temnperature at which the air becomes
saturated is known as the dew point.

A person wearing spectacles often finds that the glass becomes covered
with a film when he gocs from cold air into a heated building. The lenses
arc at a tempcrature below the dew point of the room and the water con-
denses. We often find dew condensed on a glass of ice water on a summer
day when the humidity is high. The air immediately in contact with the
glass has been cooled below the dew point and water condenses on the
surface. Since the dew point is a measure of the amount of water vapor in
the air, we can calculate the relative humidity by determining the dew
point (see p. 181).

Frost. Frost is composed of ice crystals which are formed when the
dew point is below the freezing point of water. The water vapor then
changes directly to ice crystals. Contrary to popular belicf, frost does not
kill plants. The killing is due to the unequal and sudden expansion of the
sap which takes place on freezing. Hoar frost is formed when very humid
air is-in contact with objects which are below the freezing point; it covers
trecs, fences, and higher objects, and is thicker than ordinary frost.

Foc. Fog is formed when rather humid air in gentle horizontal motion
is cooled bclow the dew point. Dust particles aid in the formation of fogs,
which accounts for the fogs which form in London and other citics on
clear mornings after work has started in the factories. Fogs over the ocean
south of Newfoundland are duc to warm moisturc-laden air blowing from
the Gulf Strcam across the cold southward-moving Arctic Drift which
passes under the Gulf Stream in that locality (see p. 99). The individual
fog particles are of submicroscopic size, they may coalcsce to form larger
particles which fall as rain, or they may evaporate as the air becomes
warmer. An interesting use of fog is in the study of charged particles such
as electrons and alpha rays. This use is discussed in Chapter 13.

Raiv anp Haiv. Rain is formed by rapid condensation of water vapor.
The character of the storm determines the size of the drops. Rapid sum-
mer convection currents form large drops, while the whirling currents of
winter air or strong winds produce small rain particles. Raindrops freeze,
forming sleet when falling through air which has a tempcerature below
32° F. Hail is produced during storms when drops of water are carried
by the convection currents into a stratum of air cold enough to freeze
them. As they become heavy they fall back into lower altitudes and be-
come covered with water, and upon being hurled upward again, receive
another coat of ice and snow. The hailstones soon grow so large that they
are too heavy for further tossing upward and they fall to the ground. The
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Fic. 109. All snowflakes arc hexagonal crystals. (Courtesy, Science Service.)

size of the stones may be as much as an inch in diameter. By slicing a hail-
stone one may see the successive layers of ice.

SNxow. Snow is the result of condensation at a temperature below 32°
F. In other words, rain forms and falls as liquid water, sleet forms as a
liquid but freezes before it reaches the ground, snow crystals are formed
in freezing air and reach the ground in a crystalline state. Each snowflake
grows into a beautiful six-pointed crystal as it is being formed. The flakes
are crystals of ice in which the atoms are arranged in a definite order.
Snow is produced by a direct freezing of water vapor. Over one hundred
thousand separate flake forms, all variants of the six-pointed crystal, have
been noted. Our knowledge of snowflake patterns is largely due to the
work of Wilson Bently of Jericho, Vermont, who made a hobby of photo-
graphing the flakes under a microscope. Fig. 109 shows a few of his pic-
tures. Snowflakes can be produced in the laboratory.

Croups. It may seem strange to describe clouds in connection with
precipitation, but clouds actually consist of water droplets, snowflakes,
or ice crystals sustained in the air by convection currents or wind. There
are three basic types of clouds—cirrus, stratus, and cumulus. The name
nimbus is applied to a cloud from which rain is falling. Cumulus clouds
are the light, fluffy, flat-bottomed clouds which often appear during an
afternoon. They have a top which shines in the sunlight. Such clouds are
formed by condensation of moisture as the temperature of the rising air
falls below the dewpoint, usually a mile or so above the ground. The
cumulo-nimbus is the towering shower cloud of the thunderstorm type
(Fig. 110). Cirrus (curl) clouds consist of ice particles and are often 5
or 6 miles high (Fig. 111). As a rule they are thin, beautiful, feathery in
form and sometimes cause the haloes around the moon and sun. Cirro-
cumulus clouds, 2 to 4 miles high, give the appearance of a “mackerel” sky
(Fig. 112). Stratus clouds, as the name suggests, seem to be in layers or
streaks. They may be rather close to the earth and are often accompanied
by rain. Fog is a stratus cloud on the earth. The nimbo-stratus clouds are
the ysual rain clouds (Fig. 113).
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Fie. 110. Cumulo-nimbus cloud. (Courtesy, U.S. Weather Bureau and H. T. Floreen.)

Fie. 111. Cirrus clouds. (Courtesy, U.S. Weather Bureau and J. W. Johnson.)
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Fic. 112. Cirro-cumulus clouds. (Courtesy, US. Weathcr Bureau and US. Army
Photo Section.)

Fic. 113. Nimbo-stratus clouds. (Courtesy, U.S. Weather Bureau and C. F. Brooks.)
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‘WEATHER

The term weather includes atmosphcric conditions, such as tempera-
ture variations, pressurc changes, winds, clouds, and precipitation. A very
close correlation has been found to exist between variations in solar radia-
tion and weather. Several stations have been established to study the
hourly variations in solar radiation. One of these stations is in California,
one in Chile, and onc in Africa. They must be located where there is a
maximum of sunshine and a minimum of dust and haze.

Another cause of weather irrcgularitics is the polar air. Many of the
storms which sweep over the United States seem to originatc in Alaska.
From “Greenland’s Icy Mountains” weather receives further stimulation.
Low pressures which leave the United States as gentle breezes become
fiendish storms after passing south of Greenland. This may be due to the
continual high pressure existing on Greenland.

AR Masses. Modern weather study makes use of the theory of air
masscs. An air mass is a large body of air having rather uniform charac-
teristics throughout a horizontal layer. North America and the adjacent
oceans are the sources of ninc distinct air masses, of which four—Tropical,
Arctic, Polar, and Superior—are important in the United States. These
air masses originate in tropical and polar regions and are carried along by
the circulation of the atmosphere. Much of our weather is due to the
effect of cold masses moving over warm ground, and warm masses moving
over cold ground.

The air masses which are common in North America include polar,
tropical, and arctic air masses which originate over the continent—(cP),
(cT), and (cA)—and the polar and tropical masses which originate over
water—(mP) and (mT). As these masscs move over the surface of the
earth they are modified by the temperature of the region over which they
pass. If the air mass is warmer than the surface over which it moves the
letter w is added, hence (¢ Tw). Likewise the letter £ is used to represent a
layer colder than the surface over which it passes (cPk). The cold air
masscs occurring in the United States originate in the Arctic regions. They
are cold and relatively dry because they have overlain frozen surfaces for
long intervals. Consequently, continental polar air from Canada brings
clear weather with good visibility. As thesc masses move southward over
the warmer land, the air of the mass becomes warmer (cPk). The warm air
masses are usually of oceanic origin since the continent in the region of
Central America is of small area. Therc arc, however, continental tropical
(cT) air masses which produce the dry hot air lying over the south-
western part of the United States. This partly explains the scanty rainfall
of the states in that region. In casc this air moves northward it causes the
extreme heat and droughts of the Central Plains Statcs.

A typical maritime tropical air mass (mT) such as one which originates
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Fic. 114. A cold front. In some cases the warm air moves toward the cold air mass.
The cold mass always tends to underrun the warm air.
in the Gulf of Mexico usually is accompanied by high temperature and
humidity. The weather is often foggy or thcre may be drizzle. The air
is oppressive and muggy. On the other hand, a typical maritime cold air
mass (mP) along the coast usually is accompanied by rising temperatures,

increasing humidity, and heavy showers of short duration.

As these air masses move over the surface of the earth, two or more of
them may meet. They do not mix readily since the air layers have different
densities. The boundary between them is called a front. If a dense conti-
nental polar mass moving from the northwest meets a maritime tropical
mass moving from the southeast, the cold layer tends to slide under the
warmer layer. The boundary of a cold polar mass moving into an area
occupied by a warm mass is a cold front. This motion of the masses pro-
duces the cyclonic air motion.

Fig. 114 illustrates the action when the cold air is displacing the warm
air—a cold fromt. In contrast, Fig. 115 illustrates the action of a warm air
mass producing a warm front.

S
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Fic. 115. A warm front. The actual conditions are only partially illustrated by this
simplified drawing. The warm air mass overruns the cold air.
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WEATHER MAPS

Each day the Weather Bureau issues a chart giving weather predic-
tions and weather conditions for the entirc country. The map is marked
with black lines (isobars) drawn through locations of equal barometric
pressure. The pressure is shown in millibars rather than in inches. (One
inch equals 33.86 millibars.) The other weather conditions arc given in a
symbol system at each station on the map.

It will be helpful to emphasize some important facts about the two
maps shown in Figs. 116 and 117. On the first map, that of February 11,
a maritime polar mass (mP) lies in the region of the state of Idaho. The
weather is moderate there.

A continental Arctic mass (cA) lies over North Dakota. As would be
expected, the weather is clear and cold in that part of the country. A
continental polar mass (cP) exists in Texas. A cold front cxists over New
England and the Atlantic seaboard.

On the following day, February 12, the maritime polar mass (mP) has
moved to Wyoming. Illinois has a continental polar mass. The castern part
of thg country has a high pressure arca.

Several fronts are shown—a stationary front in the northwest, a cold
front in the west central states, and a warm front in the east central states.

WEATHER ForecastiNng. The Weather Bureau receives two weather
reports each day from a network of several hundred stations covering the
entire North American Continent. Such reports give barometric pressures,
temperatures, wind velocity and direction, precipitation, and type of
weather. In addition, reports are also received from vessels in coastal
waters. )

The tremendous advances in aviation during the years 1940-1949 have
made nccessary an extensive airway metcorologic system. The study of
the weather over the continents and occans requires many upper air
observation stations. In addition, each airport must prepare complete in-
formation on the flying conditions over a large area. Meteorologists at
the terminals receive reports from the planes en route, and by additional
air observations prepare charts for a quick analysis of the weather. The
invasion of Normandy in 1944 was timed to coincide with a forecast of
the weather over the English Channel. Airway reports include visibility,
precipitation, fog, haze, thundcrstorms, and temperature.

GENERAL WEATHER INpIcATIONS. The United States lies in the belt of
prevailing westerlies, hence the storm areas usually travel from west to
east. The weather forecasts arc based largely on the weather to the west
and to the south of us. Numerous factors, such as proximity to the
cyclonic and anticyclonic areas and differences in temperature, pressure,
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and topography, must be considered in making the prediction. It must be
remembered that many changes take place in the air masses as they pro-
gress across the continent. If polar air lies over southern Canada, and the
most of the United States is covered with warm air, the temperature lines
are crowded together on the map. Thesc warm and cold fronts in closc
proximity arc essential factors in the development of lows.

About 60 per cent of low barometer arcas are first noticed in the north-
west. These lows usually move castward and pass into the Atlantic Ocean
off the coast of New England.

By means of the wecather predictions fruit growers and farmers can
protect their crops from frost and heavy rainfall, firewardens can guard
against forest fires, and floods and hurricanes can be anticipated.

Although accurate weather forecasting is impossible for more than a
few hours in advance, there are certain phenomena which do seem to give
information concerning imminent wecather changes.

We quote from the weather map as follows:

“When the wind sets in from points between south and southeast, and
the barometer falls steadily, a storm is approaching from the west or
northwest and its center will pass near or north of the observer within 12
to 24-hours, with winds shifting to northwest by way of south and south-
west. When the wind sets in from points between east and northeast, and
the barometer falls steadily, a storm is approaching from the south or
southwest and its center will pass near or to the south of the observer
within 12 to 24 hours with wind shif ting to northwest by way of north.”

The wind and barometer indications for the United States are gen-
crally summarized in Table 9 (prepared by the Weather Bureau.

The Weather Bureau performs excellent service in forccasting weather.
Some curious mistakes often occur. On the occasion of the inauguration
of President Taft on March 4, 1909, the Weather Bureau predicted fair
weather. They felt safc in making the prediction inasmuch as the entire
country had a fairly high pressure. Consequently, thousands of people
flocked to Washington for the inauguration. On the evening of March 3,
a small low developed in the Carolinas, so that by the morning of the
inauguration, the streets of Washington were covered ankle-deep in slush,
and rain was falling. The visitors suffercd much inconvenience, and as a
result, the newspapers subjected the Weather Burcau to a good deal of
friendly ridicule.

Why are east winds an indication of rain, and is this method of fore-
casting accurate? A low is the center of low air pressure; air is flowing
into it from all directions. The low moves eastward. As it arrives within
approximately 500 miles to the west of us, we begin to notice the move-
ment of air toward it (east wind). The Eastern United States and Eastern
Canadian winds are moisture-laden but, since this air becomes warmer and
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Table 9

Winp AND Baromerer INpICALIONS

Dﬁ;‘fm Barometer Reduced to Sea Level Character of Weather Indicated
SW.to NW. | 30.10 to 30.20 and stcady Fair with shght temperature changes,

SW to NW.,
SW. to NW.

SW.to NW.

S. to SE.
S. to SE.

SE. to NE.
SE. to NE.
E. vo NE.

E. to NE.

SE. to NE.
SE. to NE.

S. to SW.
S.to E.

F. to N.

Going to W.

30.10 to 30.20 and rising rapidly
30.20 and above and stationary

30.20 and above and falling slowly

30.10 to 30.20 and falling slowly
30.10 to 30.20 and falling rapidly

30.10 to 30.20 and falling slowly
30.10 to 30.20 and falling rapidly
30.10 and abovc and falling slowly

30.10 and abovc and falling rapidly

30.00 or below and falling slowly
30.00 or below and falling rapidly

30.00 or below and rising slowly

29.80 or below and falling rapidly

29.80 or below and falling rapidly

29.80 or below and rising rapidly

for 1 to 2 days

Fair, followed within 2 days by rain

Continued fair, with no decided temper-
ature change

Slowly rising temperaturc and fair for
2 days

Rain within 24 hours

Wind incrcasing in force, with rain
within 12 to 24 hours

Rain 1n 12 to 18 hours

Increasing wind, and rain within 12
hours

In summer, with hight winds, rain may
not fall for several days. In winter,
rain within 24 hours

In summer, rain probable within 12 to
24 hours

In winter, rain or snow with increasing
winds will often set in when the
barometer begins to fall and the wind
sets in from the NE.

Rain will continuc 1 to 2 days

Rain with high wind, followed, within
24 hours by clearing, and in winter
by colder

Clearing within a few hours, and fair
for scveral days

Severe storm imminent, followed, within
24 hours, by clearing, and in winter
by colder

Severe northeast galc and hcavy pre-
cipitation, in winter, heavy snow, fol-
lowed by a cold wave

Clearing and colder

cxpands as it approaches a low, it rises and becomes cooled bclow its
saturation point. Hence we sce that an east wind heralds the approach of
a storm area.

A1r ConpITIONING

It can no longer be said of the weather that “everybody talks about
it but nobody does anything about it.” The scientific business of air con-
ditioning (artificial weather making) is now very important. Unsatisfac-
tory atmospheric conditions lower human efficiency, initiate illness, de-
stroy property, and cause great discomfort. In winter, the air needs to be
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heated and humidified. In summer, we require cool air which has moderate
humidity. At all times we nced circulating, clean air. For these reasons,
office buildings, theaters, railroad coaches, department stores, and homes
are being equipped for controlled air conditions.

Air conditioning bas been defined as the science or process of wain-
taining any desired temperature, purity, moisture content, and air motion
within an enclosure. Man’s first attempt at air conditioning was an open
fire in a cave. This was followed by fireplaces, stoves, furnaces, and clec-
tric heaters. These raiscd the temperature, but did not attempt to improve
other factors. Until comparatively recently, few attempts were made to
provide proper humidity. Many peoplc have attempted to increase hu-
midity by placing pans of water on the stove and by using water jackets
in the hot air furnace. It was impossible to provide proper humidity by
such hit-or-miss methods. It would be nccessary to evaporate several gal-
lons of water each day to provide proper humidity by such devices.

In the ordinary home in the winter, cold air having a rather low
humidity is heated without the addition of moisture. This means that the
relative humidity is lowered. For example, if we bring outdoor air baving
a relative bumidity of 70 per cent at 41° F. into the room, the vapor den-
sity table, Appendix IV, shows that the room contains 70 per cent of 6.76
Gm. of water vapor per cubic meter, or 4.732 Gm. If we beat this air to
69° F. without the addition of moisture, the relative humidity is now only
4.732/18.14 or 26 per cent. We have lowered the bumidity by heating
the air.

Conversely, if we bave air at 69° F. and 70 per cent bumidity (12.79
Gmi./cu. m.) and cool the air to 50° F. and again increase the temperature
without the addition of moisture, the vapor density table tells us that the
amount of moisture has decreased to 9.33 Gm.[cu. m. The relative bu-
midity is now 51 per ceit.

Most authorities agree that the best conditions for comfort are a tem-
perature of 68° F. and a humidity of 40 per cent.

Body warmth is influenced by humidity and air circulation as well as
by temperature. This is determined by the rate of cvaporation of moisturc
from the body surface. Thus we are cooler in hot, circulating dry air than
in ncarly saturated air at a lower temperature. For example, air at 90° I,
and 20 per cent relative humidity is more comfortable than air at 75° F.,
and 70 per cent relative humidity. Conditioning engincers use the term
cffective temperature to include all the factors just mentioned. We have
all been aware of discomfort when sitting in a closed theater which was
not air conditioned. The fccling of lassitude and depression is due to a
combination of high temperature, high humidity, and a poor circulation
of air in the room. On the other hand, a low humidity causes a rapid
evaporation of perspiration.
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Air-coNpiTioNING EQuipaenT. Three types of air conditioning are in
use: ice, steam jets, and mechanical refrigeration. Some railroads are using
all three in an attempt to determine the most satisfactory and economical
process. In the ice system uscd on the Pennsylvania Railroad, water is
cooled by spraying it over cakes of ice. The cold water is pumped into
cooling tubces, over which the air of the car flows. This method is probably
the most cconomical, but the necessity for frequent icing is a disadvantage.
In mechanical refrigeration® a refrigerant such as “Frcon” is used to chill
the evaporator surface. The air is blown over this surface. In the “steam-
jet” method a steam jet produces a vacuum of about 29 inches in an insu-
lated chamber. Water is sprayed into the chamber, and becausc of the
rapid evaporation, the water becomes chilled and is passed through cooling
pipes over which air flows.

In all cascs, air having a high humidity is cooled below its dew point
so that the air leaving the apparatus has a lower absolute humidity than it
had when it entered. As this air is circulated through a building, the
humidity is low cnough for evaporati(m of perspiration to take place
rapidly. During cold weather, air is p’lSSCd over heated pipes as it lcaves
the humidifier so that the temperature and humldlty are both raised.

The problem of dust removal is a vital part of air conditioning. If the
air is bubbled through cold water, the dust is removed at the same time
the humidity is lowercd. Many large office buildings furnish rclief for hay-
fever sufferers by removing the dust and pollen from the air. Not only
must the air be cleaned and cooled, but it must be circulated by large fans.

Some of the important users of air conditioning arc hospitals, theaters,
flour mills, bakerics, and paint shops. Any restaurant which can advertise
that it has an air-conditioned room is certain to increasc its patronage.
Many large department stores have air conditioned all or part of the plant.

Unfortunately, the cost of complete home air conditioning is still be-
yond the purse of the average home owner. Perhaps it may be possible to
bring the cost down and if this can be donc we shall be able to produce
the type of weather we want by a flip of a switch. We are doing sonic-
thing about the weather.
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Humidiguides Hurricanes Sargasso Sca
Air Conditioning The Climate of the Tropics ‘T'vphoons
‘Tornadoes Monsoons Air Mass Analysis

QUESTIONS AND PROBLEMS

1. Explain the cause of: the Great Amecrican Descrt; the Sahara, the Australian
Descrt.
2. Fxplain why moderate humidity is more comfortable than high humidity regard-
less of the temperature.
3. Is low humidity in schoolrooms harmful?
4. Why does an cast wind usually indicate the approach of rain?
5. What does the wet bulb read if the relative hunudity 1s 76 per cent at a time when
the temperature of the air is 80° F.? Answer: 74° T.
6. Why is there, usually, no frost on a windy mighe?
7. Explain the frequent fogs off the coast of Labrador.
8. Why does the Gulf Strcam moderate the climate of England but not that of
Canada?
9. Why is it incorrect to say that dew rises or falls?
10. Describe three methods of conditioning the ar.
11. What are: the doldrums? the horse latitudes?
12. Describe the wind cycle which causes the trade winds.
13. Why do the trade winds blow from the northeast instead of from the north?
14. What is: a cyclone? a typhoon?
15. Explain the causcs of a thunderstorm.
16. What js meant by: relative humidity? absolute humidity?
17. What causes. snow? frost? sleet? hail?
18. What is mcant by air conditioning?
19. What is: a hygrometer? a humidiguide?
20. Explain why we may lower the humidity by “washing” the air with cold water.
21. What is the origin of the prevailing westerlies? Why do they move toward the
northeast?
CXPERIMEN 18

1. Use an air convection apparatus. Hold a smouldering stick over a hghted candle
under one opening and then cover the other opening of the conyection apparatus.
How does this explain highs and lows?

Put two or three drops of water on a wooden block. On this, place a watch glass

and fill it with ether. Fan it vigorously unul the cther has evaporated. The crystal

should freeze to the block. Explamn.

3. Determine the rclative humidity of the room by the dew pomt method. Place
water and a small piece of ice in a clean, shining, metal can, the outside of which
must be perfectly dry. Stir the water carcfully. The instant that a film of water
appears on the outside of the can, read the temperature of the water. Remove the
ice, continue to stir, and notc the temperature at which the moisture just dis-

N
.
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appears. Perform this test several times. An average of the readings is the tem-
perature at which the air i the room would be saturated with moisture. Suppose
that the average reading is 59° F. By referring to Appendix 1V, we see that at 59°
the maximum weight of water possible is 12.71 Gm. per cubic meter. Supposc the
actual temperaturc of the room, however, is found to be 80.6°, and at this tempera-
ture there can be as much as 25.49 Gm. of water vapor present per cubic meter.
In other words, at a certain time the temperature of the air in the room is 80.6°
and so there may be possibly 25.49 Gm. of water present, but we find that there
arc actually only 12.71 Gm. present.

Weight of water vapor found per cubic meter
Weight of water vapor possible per cubic meter
12.71
= = =150 per cent
2549

Relative humidity =

Norte: During the winter, the absolute humidity in some schoolrooms may be so
low that the dew point is below 32° F. In this case no moisture will condense on
the can and the relative humidity must be deternuned by the usc of cther.

4. Determine the relative humidity by the wet and dry bulb thermometer (scec Ap-
pendix 111).

5. Procurc a weather map and answer the following questions about a city east of

the Mussissippi, about a city along the Gulf of Mexico, and about some location in

the Far West.
What type of air mass covered the region?
What was the temperature?
What was the pressure?
‘Was it raining?
Had there been rain within 24 hours?
‘What was the wind direction?
‘What was the probable weather for the following day?

This exercise is more profitable if maps for three consecutive days are studied and

the weather then forccast. A fourth map can be used to check the accuracy of

the forecast.

Collect hourly data as to temperature, pressure, and sky for an entire school day.

Make a forecast of the weather for the following day. On the following day, try

to see why you missed your prediction or why your prediction was correct.

7. Secure information concerning the various types of air-conditioning apparatus.
Visit the local theater, the hospital, the department store. Secure information from
your local railroad agent about air-conditioned trains.

8. Study the air masses on the maps given you.

&



13. THE ATOM AND ITS RADIATIONS

All things the world wbhich fill
Of but one stuff are spun.

THE AToM

Men have always wondercd about the constituents of substances. We
know that we can cut an iron wire into many small pieces. Is there a
limit to which we can subdivide or is the wire so constructed that there
is no limit to the possibility of subdivision?

The Theory of Limits in geometry teaches us that if we cut a line in
half, there is a possibility of continuing to divide it in half forever. Some
of the ancient Greeks taught that all objects were composed of small in-
dividual atoms, which were indivisible. This means that the iron wire can
be subdivided only to the extent that the atoms are isolated. On the other
hand, Aristotle taught that one could chop a substance into finer and finer
bits, never rcaching an end.

Sir Isaac Newton also believed that all materials were composed of
small hard particles which could not be divided. In 1806 John Dalton, an
English chemist and schoolmaster, put forth the atomic theory of matter.
From his experiments, he concluded that cach element was composed of
ultimate, indivisible particles and that the particles of different elements
differed in wecight. Moreover, he concluded that the atoms combined
to form molecules (little heaps) and that these molccules were the build-
ing stones of chemical compounds. Unfortunatcly, these atoms arc not
visible to the eye, becausc of the limitations of the eyc and of the micro-
scope. Most experimental evidence leads us to believe that an atom is about
10—® c¢m. in diameter. This means that an atom compares to a baseball as
a baseball compares to the earth. We can study the properties, but we have
never observed the actual appearance of these tiny bits of matter.

The ability to see a tiny object placed under a compound microscope
depends not only on the magnifying power but also on the property
known as the resolving power of the instrument. The resolving power is
defined as the ability of an optical instrument to enable the eye to dis-
tinguish as scparate two objects which arc close together. Although the
resolving power increascs as the color of the light used to illuminate the
object changes from yellow to violet (the resolving power increases as
the wave length of the light decreases), it is not possible to see an object
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as small as the atom is believed to be by means of the ordinary micro-
scope.

The unaided eye cannot distinguish as discrete points two objects
which are less than 14 ¢ inch apart. By the use of the modern compound
microscope, points separated by a distance of ¥ 90,000 of an inch may be
observed as discrete. Things become visible because of their disturbing
effect on light waves. If an object is smaller than the wave length of visi-
ble light, it cannot be dctected. By using the ultraviolet microscope,
which gives a magnification of 2500 diameters, we may observe objects
separated by a distance of four millionths of an inch. The electron micro-
scope (see p. 349) gives magnifications of as much as 100,000 diameters.
Its resolving power makes it possible for us to observe objects 80 billionths
of an inch apart.

Brownian MorioN. One approach that scientists have made to the
actual observations of atoms, molecules, and their motions is by the
study of the Brownian motion in colloids (see p. 259). In 1827 a botanist,
Robert Brown, placed under a microscope a small dish containing pollen
in water. He noticed that the grains were in constant motion. Later,
Perrin made colloidal suspensions of very small particles, cach one con-
taining several thousand atoms, constantly moving about in the liquid.
The dust particles floating in a beam of sunlight also show this motion.
It is possible to produce a colloidal suspension (see p. 259) of metals, such
as gold, by allowing electric sparks to pass between two electrodes of the
metal immersed in acidulated water. A very incxpensive piece of appara-
tus which can be placed on the microscope stage is now for sale. The
cell is filled with smoke and illuminated by an arc lamp. It is possible to
view the motions of the particles of smoke.

For convenience, the scientist makes usc of the exponential number system of
writing very large and very small numbers; e.g., one thousand is written 10°, one mil-
lion is written 10° and one millionth is expressed as 107, Using this notation, the
diameter of the atom is about 10 cm. There are about 6 X 10* molecules in 2 Gm.
of hydrogen. One cubic centimcter of a gas at 0° C. and 76 cm. pressure contains
2.7 X 10" molecules.

PERIODIC TABLE

-

In 1869 the Russian scientist Dmitri Mendeléeff (Fig. 118) discovered
certain relationships among the elements. He set them up in the form of a
table. In his time the table contained 63 clements.

At present hydrogen is the first element in the table and curium is
number 96. Elements with similar properties occur at intervals of 8, 18, or
32 as we progress along the table. For example, in column one, sodium
(11), potassium (19), rubidium (37), and cesium (55) have similar prop-
erties. One column is occupied by the inert gases, helium (2), neon (10),
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argon (18), krypton (36), xenon (54), and radon (86). This interesting
similarity occurs quite generally. Of the elements, the seven metals, iron,
copper, silver, tin, lead, gold, and mercury, were known in early times and
were believed to be the only metals possible because of the sacred number,
seven. Elements 93, 94, 95, and 96 are produced in the laboratory by the
methods of artificial radioactivity (see Chapter 27). They do not exist
in nature,

Fic. 118. Dmitri Mendeléeff (1834— Fic. 119. J. J. Thomson (1856~
1907). Discoverer of relationshiPs among 1946). Discoverer of the electron;
the elements. (Courtesy, Jones: “Inorganic one of the originators of modern
Chemistry,” Philadelphia, The Blakiston atomic theories. (Courtesy, Sci-
Company.) ence Service.)

ATOM MODELS

Up to the beginning of the twentieth century, the atom was believed
to resemble an elastic ball with a hard kernel somewhat like a toy balloon
with a bean inside. In the period 1895-1897, a new epoch in the study of
atoms was begun. During this period, J. J. Thomson (Fig. 119) discov-
ered the electron; Henri Becquerel discovered that uranium was radioac-
tive (emitting rays); and Konrad Roentgen discovered x-rays.

In order to study the electron, Thomson caused the cathode ra
(those coming from the negative electrode) to move rapidly through a
large evacuated tube (Fig. 120). By the use of a magnet, he proved that
the cathode rays were a stream of negative particles (electrons) which
constituted a current of elecricity (see p. 366). Robert Millikan, an
American physicist, carried this work forward by the famous “oil-drop”
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experiment, receiving the Nobel prize for his work. This experimenter
sprayed small charged drops of oil into the space between condenser
plates (Fig. 121). These drops were strongly illuminated and were moved
up and down by applying high voltages (see p. 365). By means of this
experiment, the amount of electrical charge contained in one electron
was determined. (An electron has a charge of 1.6 )X 10—*° coulomb.)

C. T. R. Wilson passed x-rays into a cloud chamber and photographed
the tracks left by the electrons which were produced. If a gas is suddenly
allowed to expand, it cools. If the expanding gas is saturated with water
vapor and if it contains dust particles or ions, a fog may form around
the particles. When electrons or alpha rays (helium ions) were passed

Fie. 120. Photographs showing the appearance of electrical discharge in air at
reduced pressures. (Top) At a pressure of a few centimeters, a glow of light fills the
tube. (Cenmter) At a pressure oF a few millimeters, we find a series of colored bands
usually of a bright orange shade. (Bottorn) When the pressure is reduced to less than
001 millimeter, the color in the tube has almost disappeared and in its place we find
that the glass is shining with a yellow fluorescence, due to the impact of the stream of
cathode rays (electrons) which are striking the walls. A and K are the anode and
cathode, respectively. (Courtesy, Watson: “A Textbook of Physics,” New York,
Longmans, Green and Co., Inc.)



188 THE ATOM AND ITS RADIATIONS

through the cloud chamber, ions were left in the trail and a fog formed
on these ions as a thin white track. These tracks could be photographed.
Figs. 122 and 123 illustrate a laboratory form of the apparatus. The tracks
shown are those due to the passage of alpha rays. The tracks due to the
electrons would be very irregular because of the small mass of the
electrons.

At first, it was believed that electrons were small divisions of an
atom with electrical charges on their surfaces. We now believe: that an
electron is a particle of negative electrical charge. The atom also seems

Fie. 121. (Top) A diagrammatic sketch of the oil-drop apparatus. P and N are the
condenser plates. W is a heat absorbing water cell. (Courtesy, “Foley’s College
Physics,” Philadelphia, The Blakiston Company.) (Bottom) The oil-drop apparatus in
operation. (Courtesy, Central Scientific Company.)
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to contain a positively charged particle, the proton, which is 1835 times
as heavy as the electron. These two units, with the addition of a neu-
tron having about the mass of a proton but with no electrical charge,
are believed to be constituents of every element in nature. Unfortunately,
we do not yet know the exact nature of electrified particles. Nevertheless,
with the discovery of the electron, it became evident that the atom was
not the simple “chunk” of matter that scientists had believed it to be.

At present, we believe that the atom is composed of protons, electrons,
and neutrons.! When we comb our hair on a dry day, the hair, being at-
tracted to the comb, sometimes stands on end. This is due to positive
charges of electricity which have been induced on the hair by friction
with the comb. If a rubber rod is stroked with cat’s fur, the rod acquires

Fic. 122. (Left) A cloud chamber apparatus. When the bulb is pressed and suddenly
released a cloud fills the glass chamber. A small piece of polonium in the chamber
emits alpha particles which show tracks as they move through the fog. Electrons can
be used instead of alpha particles. (Courtesy, Central Scientific Company.)

Fic. 123. (Right) The large mirror gives a view of the tracks produced by the alpha
particles described in Fig. 122. (Courtesy, Central Scientific Company.)

* Hydrogen atoms do not contain neutrons.
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an excess of electrons and the fur has too few. If one walks across a rug
and then touches a metal doorknob, a spark is often noticed passing be-
tween the hand and the knob. The spark is a current of electricity caused
by the electrons passing from the hand to the knob. The body was
charged by friction. The various theories of the constitution of the atom
have given rise to several atom models. At this point, it must be empha-
sized that any model is merely an attempt to visualize our experimental

Fic. 124. Ernest Rutherford (1871-1937). A
British physicist; founder of the atom model which
bears his name; a researcher in the field of radio-
activity. (Courtesy, Science Service.)

results. Our familiarity with the electrons may be compared to an ac-
quaintance whom we have never seen, but whose voice and habits are
familiar. We are prone to form a mental picture of such a person, although
it may be far from the correct one. We can see the tracks that an electron
makes in a cloud chamber; we find that the electrons are deflected by a
magnet; we see fluorescence caused by their motion; we can hear the
“noise” made by their collisions in a radio tube. By these means we form
our mental picture of electron characteristics.

The first electrical model of an atom was devised by J. J. Thomson
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himself. He thought of the atom as a ball of positive electricity, in which
the electrons were distributed like seeds in a pumpkin. This model was
abandoned when experiments indicated that the atom contained a small
hard kernel of positive charge, the rest of the atom being practically
empty space except for electrons.

The British scientist Ernest Rutherford (Fig. 124) was the next to try
his hand at atom building. He pictured the atom as a tiny solar system,
with nucleus and electrons. At the center is the heavy core or nucleus
having a positive charge. The electrons revolve around this core some-

Fie. 125, Irving Langmuir (1881- ).
A brilliant American scientist. He has
made many discoveries in the field of
vacuum tubes and thin films. His discover-
ies cover many fields of modern life.
(Courtesy, General Electric Company.)

what as the planets revolve about the sun. Motion is necessary so that the
electrons will not fall into the nucleus, just as revolution of the planets is
necessary to preserve the solar system. Like the solar system, the atom is
mostly empty space. One electron outside the nucleus and one proton as
a nucleus form a hydrogen atom. Other scientists have carried these ideas
further by introducing the idea of neutrons. If two electrons surround
the nucleus, and if the nucleus contains two neutrons and two protons,
the atom is helium. The element uranium (atomic weight 238.07) is be-
lieved to contain 92 protons and 146 neutrons in the core and 92 electrons
outside the core. Each element is given an atomic number from 1 to 96,
which represents the number of electrons surrounding the core. Such
a model indicates that every object, including such materials as glass,
wood, iron, and silver, is composed of electrical charges. This is a star-
tling statement.
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According to the best evidence, the mass of an electron is 9 X 10 Gm. and its
diameter is about 10 c¢m. The diameter of a proton is about 107 cm. If the nucleus
were the size of an orange, the clectron would be 5,000 nules distant.

Another interesting model, which is very important in chemical
theories of the atom, is the Lewis-Langmuir atom (Fig. 125). In this
theory, devised in 1916, hydrogen is portrayed as having a nucleus and
a stationary electron. According to this model, fluorine (atomic number
9) has seven electrons at the corner of the cube, two electrons inside the
cube, and a nucleus of nine protons and 10 neutrons. No motion except
vibration is necessary in this model. When fluorine combines with hydro-
gen (Fig. 126), the lone electron on the hydrogen atom fits into the
vacant corner in the fluorine atom, forming a molecule of hydrogen
fluoride (HF). Similarly, a sodium atom has one electron in its outermost
shell. When sodium combines with chlorine, this lone sodium eclectron
fits into a space in the outermost shell of chlorine, forming a molecule of
sodium chloride. In a sense, the electron binds the two atoms together.
The theory also states that when hydrogen fluoride is dissolved in water,
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Fic. 126. Hydrogen combines with fluorine to form
hydrogen fluoride. An illustration of the use of the
Lewis-Langmuir theory.

the hydrogen nucleus may split away from its electron, so that the hydro-
gen is positively charged. The fluorine is negatively charged. These
charged particles are called ions (see p. 208).

From what has been said up to this point, the reader may feel that
our knowledge of the atom is still very deficient. This is certainly true.
It is indeed surprising that we have made any progress whatever, when
we realize that there are only a few instruments that help us revcal the
secrets of the atom. We know that the atoms of a tungsten filament emit
white light when the filament is heated. In the spectroscope, this light
becomes a continuous spectrum (rainbow). If a current of electricity is
passed through a tube containing neon gas (see p. 143), the neon atoms
emit light of a type which the spectroscope separates into a line spectrum.
When the molecules of a compound such as carbon dioxide are caused
to emit light, a band spectrum is formed. Under the proper conditions,
as we shall see presently, atoms also emit gamma rays, x-rays, ultraviolet
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Fic. 127. The bobbing of a top in water. Note that a wave is ?roduced cach time
the top moves up and down. (Courtesy, “Foley’s College Physics,” Philadelphia, The
Blakiston Company.)
rays, heat rays, and electrical radiations. All of these emissions of energy
are called radiations. From a study of these radiations, we gain our knowi-
edge of the structure of the atoms which emit the energy.

ENERGY

We are conscious of an entity about us which we call energy (Chapter
21). We are warmed by the sun; we read by electric light; we hear by
the energy of sound; the energy contained in food furnishes us with the
ability to carry on our work. Man has always wondered how the energies
of heat and light reach us from the sun. Perhaps the following illustration
will be helpful in considering the problem. If a friend were asleep in a
boat out on a lake and we, standing on the shore, wished to attract his
attention, we can think of several ways of making our presence known.
We might call, thus sending sound waves through the air, or we might
drop a stone into the water so that the spreading waves would lap against
the boat. We might throw some object against the boat. A little thought
shows us that these various methods really consist of two types, transmit-
ting waves through some medium or shooting objects through space. In
considering the methods by which the various radiations are transmitted
from one point to another, the scientist must consider these two types.

‘WAVES

In order to explain the origin and progress of waves, we can use as
an example the bobbing of a top connected to a fish line (Fig. 127). Each
time the top moves up and down, a wave starts out into the water. The
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number of waves sent out per second (frequency) is determined by the
rapidity with which the top is operated. The frequency is determined by
the source of the waves. If a chip is floating on the water, it will be seen
to move up and down, yet to remain in about the same location. This in-
dicates that the water itself did not move away from the top but that the
water wave carried energy in all directions. The water is the medium
which transmits the energy.

Newton thought of light energy as being transmitted by means of
corpuscles. Since light casts sharp shadows, the idea of waves of light
seemed improbable to him. Because of Newton’s prestige, the idea of cor-
puscles continucd to be prevalent until 1801. In that year, Thomas Young,
a youth of 26, presented a paper before the Royal Society in which he
offered the theory that light energy travelled in waves.

This paper provoked a great deal of discussion. A classic illustration of the nar-
rowness of some scientists of that day is the criticism of Lord Brougham as reported
in the Edinburgh Review: “We now dismiss, for the present, the feeble lucubrations
of this author in which we have searched without success for some trace of learning,
acuteness, and ingenuity, that might compensate for his evident deficiency in the
powers of solid thinking.” Despite such criticisms, the wave theory was soon accepted
as the correct one.

Various difficulties were apparent, especially the necessity of a medium
to transmit the waves. The idca of a medium, called ether, was introduced.
In the interval from 1850 to 1900, scientists devoted a great deal of work
to the study of the ether. (The word ether does not refer to the chemical
compound of that name.) The substance was supposed to fill the entire
universe, penetrating cven solid materials and the atoms themselves. Ether
was supposed to be a sort of jelly-like substance, so light in weight that
no experiment could detect it. Waves of energy travelled through ether
from the sun and stars, much as a wave travels in water or a rope. When
an electric lamp is turned on in a room, it is assumed that the atoms of
the filament absorb energy, with the result that the vibrating electrons
in the atoms send out waves in the ether to our eyes. The energy in these
waves excites the retina of the eyeball, giving us the sensation of light.
Today, we doubt the existence of the ether as an actual material substance,
but we still think of waves in space. Because of the greater ease of explana-
tion, we shall continue to discuss the various forms of electromagnetic
radiations by }he wave method.

Various experiments with polarized light (see p. 359) and interference (see p- 336)
seem to indicate that light certamly is a wave motion. One can readily observe a
form of interference, called diffraction, by viewing a bright light through the slit
between two nearly closed fingers. A series of fine lines will be noticed in the slit.
A single filament lamp 1s best for the purpose.
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QuanTA. Because of the many difficulties with the wave theory, in
1900 Max Planck, a German physicist, proposed a theory that energy was
radiated in corpuscles (bullets) called quanta. There were many reasons
why such a radical proposal scemed necessary. One of these was the photo-
electric effect. It has long been known that if an open arc lamp shines on
a polished piece of zinc, electrons are emitted from the zinc surface.
Within the last few years, it has been discovered that other metals, nota-
bly sodium, potassium, and cesium, have the same property, even when
illuminated by ordinary daylight. This discovery has made talking movies
possible (see p. 357). We use the photoelectric cell (electric eye) in tim-
ing races, opening garage doors by the headlights of the automobile,
counting objects, and operating a host of mechanical devices (Fig. 128).

Most photoelectric cells consist of a cathode plate of cesium on silver and a straight
wire for an anode. When the plate is illuminated by a beam of light, electrons are
released from the cathode and move to the anode wire. This completes the circuit
and a current flows in the outside circuit, operating such devices as counters, doors,
and burglar alarms.

In the case of automatic door openers, the light is so arranged that a person intend-
ing to move through the door intercepts the light beam with the body. The inter-
ruption of the beam closes an electric circuit and the door is pulled open.

In the photoelectric effect, the electrons are ejected in such a way that
the light seems to have struck the surface in “bullets” or quanta. In order
for the electrons to leave the surface, it is necessary that the light be of
the proper frequency. Planck assumed that violet light had more energy
per quantum than red light; hence it was more effective.

G

Fic. 128. A photocell in operation. A light is focused on the cell shown in the center of
the figure. A current is produced which operates the galvanometer shown at the left
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The quantum theory utilizes the equation, energy,,,, cquals by, where » is the
frequency and b is the quantum constant, 6.6 X 10~ erg-seconds. This equation has
proved to be one of the most valuable of all principles in the entire field of science.

The quantum theory placed scientists in a dilemma. Some experiments
seemed to prove the existence of waves; other effects seemed to indicate
that radiations were corpuscular in nature. In the words of Professor
Bragg, “Waves are considered on Monday, Wednesday, and Friday;
corpuscles are discussed on Tuesday, Thursday, and Saturday.” Today,
we believe that a beam of light has both a
wave and a corpuscular nature. Sometimes
the wave characteristic is more prominent.
Other effects seem due to a corpuscular
nature. Electrons falling on crystals give
diffraction patterns similar to those of
x-rays, indicating that particles have a
wave nature.

Bonr THEORY. It has been the history
of science that difficulties give rise to great
advances in scientific thought. The quan-
tum theory suggested to Niels Bohr (Fig.
129), a Danish scientist, a remarkable ad-
vance in atomic models. In 1913, Bohr,

Fic. 129. Nicls Bohr (1885- th(.an 28 years of age, adapted the quantum

). A Danish physicist; one of  principle to the Rutherford solar system
the greatest of modern theo- atom. He advanced the principle that the
g’;‘hcr t&t‘)"f;“’&“&gﬁ‘;ﬁi‘ (‘go;l;f planetary electrops migl?t revolve 'about
tesy, Science Service.) the nucleus only in certain paths without

loss of energy. Thus he removed one of the
great difficulties of the Rutherford atom. He also assumed that when an
electron moved from one orbit to another nearer the nucleus, energy was
emitted in the form of quanta.

To illustrate the principle, one might imagine a merry-go-round on
which a rider might be permitted to move from an outer seat to an inner
one but would not be permitted to stand between seats. As the rider moved
in toward the center, bullets of energy would be ejected by him. In Fig.
130, if the electron of a hydrogen atom moves from orbit 3 to orbit 2,
the red line of hydrogen appears. If the electron moves from 4 to 2, a blue
line appears. If the transfer is from 2 to 1, ultraviolet rays leave the atom.

The theory of Bohr satisfactorily explained the line spectra of hy-
drogen and helium and made possible a fairly satisfactory explanation
of the complicated spectra of the other elements. From this time on the
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Fic. 130. The emission of light from a hydrogen atom as portrayed by the Bohr
theory. As an clectron moves from orbit 3 to orbit 2, there is enutted the red line of
hydrogen, one of the Balmer series. The various transfers produce the different lines
of the hydrogen spectrum, in the visible, infrared, and ultraviolet. (Courtesy,
“Foley’s College Physics,” Philadelphia, The Blakiston Company.)

spectroscopic study of atoms made great progress. It was found that all
these radiations were of the same character and they are now grouped
under the term electromagnetic radiations (Table 11). Each type will be
discussed at an appropriate section of the text.

ELecrrons AND Waves. We have stated that electromagnetic waves
have some particle characteristics. In addition, particles of matter seem to
have wave properties. G. P. Thomson scnt a beam of high speed electrons
through a thin gold foil. He was able to produce a diffraction pattern on
a photographic plate similar to those produced when a beam of x-rays is
passed through gold foil. It is apparent that electrons moving at high
speeds have wave properties similar to x-rays, or gamma rays. In fact, the

h

wave length of an electron may be computed by the equation N = —
mov

where \ represents the wave length in cm,, h is the quantum constant,
m is the mass of the electron, and v is the velocity in cm. per sec.

For example, an electron moving at a velocity of 10 cm./sec. has a
wave length of 7 X 10~° cm. or 0.07 Angstrém. This wave length is in
the gamma ray region of the spectrum. It is apparent that the electron
has become more complex with cach passing year.

Not only does the electron have wave properties but all material
particles have this property. A hydrogen atom moving about in the room
at ordinary temperatures has a wave length of about five Angstroms.

ELECTROMAGNETIC RADIATIONS

The type of wave which any atom will emit depends on the amount
of energy which the atom absorbs and on the subsequent motion of the
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Table 11

FLECTROMAGNETIC SPECTRUM

Wawve Length Name

10,000 m. (10 cm.)

to Wircless and Carrier
1000 m. (10% cm.) Communication

550 m. (5.5 X 10* em.)
to Radio Broadcast
200 m. (2 X 10* cm.)

200 m. (2 X 10* cm.)
to Short-Wave Radio
5 m. (500 cm.)

5 m. (500 cm.)
to Ultra High-Frequency Radio
50 em.

50 cm.
to Microwave Radio
0.1 cm.

50,000 A.U. (.0005 cm.)
to Infrared
8,000 A.U. (.00008 cm.)

8,000 A.U. (.00008 cin.)
to Visible Light
4,000 A.U. (.00004 cm.)

4,000 A.U. (.00004 cm.)
to Ultraviolet
100 A.U. (107% cm.)

100 A.U. (107¢ cm.)
to Soft X-rays
1 A.U. (1078 cm.)

1 A.U. (10-% cm.)
to Hard X-rays and Gamma Rays
01 A.U. (1071 ¢m.)

electrons. If we could examine the hydrogen in the sun’s atmosphere, we
would find that some of the atoms were emitting energy in the form of
long waves, while other atoms were sending out short-wave energy.
Although all electromagnetic radiations arc of the same character, dif-
fering only in frequency (vibrations per sccond), the various radiations
are excited in different ways. Radio waves are produced by electrical
methods such as those usced in broadcasting stations. Bodies at high tem-
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peratures produce radiations such as heat, light, and ultraviolet. The sud-
den stopping of electrons moving at high speeds gives rise to continuous
x-radiations (Roentgen rays). All of these radiations travel at the same
speed in free space, 186,000 miles per second. There is no sharp dividing
line between these various wave lengths, but scientists have arbitrarily di-
vided them into bands, depending upon the method of study of the vari-
ous types. In the present chapter, we shall briefly describe the bands in
order of wave lengths, reserving a detailed discussion for subsequent
chapters.

A wave length is the distance from one wave crest to the next. The frequency of
the wave equals the velocity divided by the wave length. The velocity of electro-
magnetic waves in space is 3 X 10" cm./scc. Thus, the frequency of one of the spec-
trum lines of mercury is 30,000,000,000/0.00004 = 7.5 X 10" vibrations per second.

WireLEss Waves. The longest of the waves are the electrical radia-
tions or radio waves. The waves used vary in length from about 10,000
m. to 550 m. (6 miles to % of a mile). Such radiations are sent out by
wireless stations.

The 600 m. wave is reserved for the danger signal (SOS) of shipping.

The broadcasting band used in North America extends from 545 m.
(550 kilocycles) to 199.5 m. (1,500 kc.). All broadcasting stations are
crowded into this band.?

The short wave band extends from 199.5 m. to 2.5 m. Much modern
work is being carried on at wave lengths of the order of 1 cm. These are
called microwaves. (See p. 400.)

INFRARED RAYs. When materials are heated to a high temperature, as
in a flime, heat energy is emitted. These waves are those which, upon
striking an object, may be absorbed, giving up their energy and producing
heat in the object.

Licat Waves. The next band of radiations, called light or visible light,
is the energy that affects the retina of the eye and the emulsion of photo-
graphic plates. It is necessary for the growth of plants (see p. 336). These
waves vary in length from 8,000 to 4,000 Angstroms, that is, from ex-
treme red to extreme violet. The entire band constitutes the continuous
visible spectrum.

An Angstrom is a length unit named after the Swedish scientist of that name. It
is 10” mm. (one ten-millionth of a mm.). This means that 8,000 Angstréms are equiva-
lent to 0.0008 mm. or nearly 0.00003 in.

ULrtravioLET Ravs. Beyond the violet lies the invisible region of the
ultraviolet, which extends from 4,000 to 100 Angstroms. These radiations

* A meter is equal to 39.37 in,, slightly over 3 ft. An inch is 2.54 cm. A millimeter is
5 of an in.
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affect a photographic plate and some of them producc fluorescence in
minerals.

X-rays. X-rays are produced when electrons, which are traveling at
a high rate of speed, strike a target made of a metal of high atomic weight,
such as platinum or tungsten. These rays are invisible but have great
penetrating power (Chapter 27).

Gamma Ravs. The shortest wave in the electromagnetic spectrum is
the gamma ray emitted by radium and associated elements. (Gamma is
simply a Greek letter and has no significance except to designate the
type of ray.) This radiation will also be discussed in Chapter 27.

THE NucLeus

Having gained some insight into the outer part of the atom, scientists
began to consider the nucleus. It had been known since the discovery of
the principle of radioactivity that radium and associated elements were
giving out energy from the nucleus or core of the atom. It was realized
that the outburst of energy from the nucleus could not be controlled by
any known means.

Within the last 10 years, scientists have learned to produce “bullets”
which have sufficient velocities to shatter nuclei. One such source is the
“neutron gun,” constructed of a mixture of beryllium and radon. Another
device is the cyclotron (Fig. 288), of which there are many in operation.
This latter instrument gives high spceds to helium ions, protons, and
deuterons (ions of heavy hydrogen) and shoots them against atoms. In
Chapter 27, some interesting results of this modern warfare will be
discussed.

When one views the marvellous results of modern experimentation
and tries to imagine the possibilities of the future, one fecls as Newton did
when he said, “ . . . I seem to have been only like a boy playing on the
seashore, and diverting myself in now and then finding a smoother pebblec
or a prettier shell than ordinary, whilst the great ocean of truth lay all
undiscovercd before me.”
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QUuESTIONS AND PROBLEMS

. Describe two atom models.

. What is meant by an ultraviolet ray?

. What does “gamma ray” mean?

. What is the Brownian motion?

. Who is Bohr?

. What is meant by the quantum thcory?

. How docs cnergy reach us from the sun?

. What is the nucleus of an atom?

. Describe the periodic table.

. Why can we sometimes draw sparks when rubbing a cat?
. What is an electromagnetic wave?

. A light wave of wave length 5000 Angstroms has what frequency? Answer:

6 X 10™,

. Sketch a model of a chlorine atom.

Visuar Aips

“Electrons,” University of Chicago Film
“Encrgy and Its Transformations,” University of Chicago Film
“Cathode Ray Tube,” General Electric Co. Film

Torics For DiscussioN

Quantum Theory Cosmic Rays Neutrons
Radium The Ether The Wave Atom
The Bohr Atom Cathode Rays

EXPERIMENTS
L. Tt is possible to demonstrate the various radiations described in this chapter. For

“v o

the clectric waves, one can use one of the short-wave sets manufactured by the
instrument companies. A neon light is used as a receiver so that the entire class can
study the reception.

. For the demonstration of heat waves, photograph a hot flatiron in a totally dark

room, using special infrared film.

. The visible spectrum can be studied by the spectroscope. For the ultraviolet, use

an argon lamp to show fluorescence of rocks. Such rocks can be purchased from
‘Ward’s Natural Science Establishment.

. Study the Brownian motion as described in the chapter.
. Study cathode rays. There are oscilloscopes on the market which are inexpensive

and quite suitable for this purpose.

. Examine the luminous dial of a watch in a dark room. Use a hand lens. Scintil-

lations can be observed.



14. MATTER ASSOCIATED WITH CHEMICAL ENERGY

If by fire
Of sooty coal th’ empiric alchymist
Can turn, or bolds it possible to turn,
Metals of drossiest ore to perfect gold.
—MiLTON

In the present chapter, we shall discuss those phenomena of nature
which involve a change in the composition of substances. Such changes
are termed chemical changes, since they involve energy manifested in the
chemical form. Many of our common expcriences are associated with
chemical changes. The digestion of food is a complicated series of chemi-
cal reactions. We see on every hand such manifestations of chemical
changes as the rusting of iron, the rotting of wood, the souring of milk,
the growth of plants. These are just a few examples of the changes in
nature which involve a change in the molecules of thc compounds formed
from various elements in the earth.

The history of chemical experimentation dates back to earliest times.
The Chinese and the early Hindus have left records of many studies in this
field. The records of early Egypt contain many allusions to experiments
in chemistry. These peoples were familiar with paints and with the prop-
erties of the materials gold, silver, lead, sulfur, iron, copper, and vinegar.
The pricsts made use of spectacular experiments in their rituals.

After a great gap of several centuries, in which there was little or no
chemical experimentation, we find the science of chemistry taken up by
the Arabs in the eighth century. One of the outstanding scientists of this
period was the great Geber. His work started the age of alchemy and the
intensive search for a method of producing gold from base metals such
as lead. Geber believed that all metals were composed of sulfur and mer-
cury. In all ages, men had wished to be able to change metals, such as iron
and lead, into the valuable metal gold. Anyone successful in this feat would
have untold wealth. It had long been believed that there existed an “es-
sence” or substance called the “Philosopher’s Stone” which had the
power of changing lead to gold, of curing all diseases, and of performing
other miraculous feats. Many alchemists spent their lives in a search for
this stone. Geber taught that the only requisite for changing basc metals
into gold was the purification of the metal so that the sulfur impurity was
removed. To this end, the alchemists of several centuries spent their lives

202
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in performing crude cxperiments of all types on ores and metallic com-
pounds. They learned much chemistry but they never produced gold. It
was natural for them to cloak their work in mystery. To this end, they
performed many tricks pretending to produce gold. They used astrologic
symbols for the materials so as to mystify the uneducated. Many kings
were duped by them. The Emperor Rudolph of Bohemia provided funds
which supported many of these tricksters in their devious experiments
for the production of gold. Even as late as the fifteenth century, some of
this spurious gold was minted in England and passed as pure gold coins.
It is difficult to believe that even the present century has provided in-
stances of several schemes for making gold from lcad. Many investors
have lost their fortunes in these fraudulent methods. One might mention
the case of the famous German general, von Ludendorff, who lost his
fortunc in one of these confidence schemes. It may be of interest to remark,
that, as a result of the work on nuclear disintegration (Chapter 27), minute
quantities of elements have becn changed into gold. However, the process
is so expensive that it will probably never prove to be valuable
commercially.

One good result of the chicanery and mysticism of alchemy was the
rise of iatrochemistry—the applications of chemistry to medicine. The
chemicals which had been discovered were now applied to the treatment
of disease. Although no universal medicine or clixir has ever been found,
the way was opened for our modern marvels in medicine.

Iatrochemistry began with Paracelsus, a Swiss chemist (1493-1541).
He believed that an elixir existed which could cure all ills. Ponce de Leon
came to Florida in search of this marvelous substance. Paracelsus also
taught that one must continually experiment and seck new remedies for
the cure of disease. He initiated the medical research which has accom-
plished so much in the present century. After his time, the idea that illness
could be removed by incantations or be prevented by wearing a charm
began to disappear. But the world was still far from our present-day
methods of healing. As soon as a new drug was discovcred, its cffects
were tried on human beings, often with disastrous results. Indeed, until
the time of Pastcur and Lister and the discovery of a bacterial basis for
many diseases, healing was a very unscientific art.

It is rather interesting for us to read of the medical ideas which were
prevalent even as late as 1850. I shall quote from a medical treatise of that
period. “As sure as the cholera will never pass a boundary line—sulphur-
retted hydrogen, or spread among people with sulphur in their shoes—so
surcly it can be said to Yellow Fever—thus far and no further. Just as we
recommend fear, care, and sulphur, in Asiatic cholera, so we recommend
fright, run, and charcoal, in yellow fever. The substance carrying yellow
fever is of a gaseous nature, a miasma, which cannot be spread by the sick.
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A few handsful of charcoal will absorb the miasma and eliminate all dan-
ger.” In the same text, the virus of the honey bee was a specific for colds,
fatiguc, loss of hair, sour food, carache, and rheumatism. Sulfur was exccl-
lent for colds, drunkenness, sour food, snake bite, and catarrh. Lest we
laugh too much, let us remember that cven today many a small boy is
dosed with sulfur and molasses.

Ox1mpaTioN AND REDUCTION

During all of these epochs, men had been puzzled by the phenomenon
of combustion. Fuels gave off heat and changed to ash. Some metals, like
tin and zinc, when heated changed to a powder, the powder being heavier
than the original metal. After many theories had been proposed and dis-
carded, it remained for Joseph Priestley (see p. 145) and William Scheele
to solve the mystery by collecting a gas which was given off from hcated
mercuric oxide. They found that this gas, which was later named oxygen,
would support combustion and that it was a gas necessary for animal life.

Oxygen, one of the most important gases of the atmosphere, is re-
sponsible for the many changes which are called oxidation. Iron rusts
because it combines with oxygen, thus forming iron oxide. Coal burns,
combining with oxygen to form either carbon monoxide, or carbon
dioxide, or both.

When fucls, especially coal and the hydrocarbons, burn in an insufficient supply
of air, carbon monoxide is formed. Unlike carbon dioxide, it is a very dangcrous gas.
It has no odor, taste, or color. When it enters the body by way of the lungs, it com-
bines with the hemoglobin of the red blood corpuscles so that they are no longer
able to carry oxygen. One should never operate an automobile in a closed garage,
since part of the exhaust gas is carbon monoxide.

We drive our automobiles by the combustion of gasoline. We eat food
which by oxidation provides energy for our bodies. It must be emphasized
that the products of such changes are diffcrent from the original matcrials
taking part in the process. If the oxidation is rapid, as in flames or cxplo-
sions, the oxidation is called combustion. When mercury is heated in an
atmosphere containing oxygen, the oxide of mercury is formed.

Mercury plus oxygen yields mercuric oxide.
2Hg + O. - 2HgO

An interesting example of oxidation is spontaneous combustion. It
often happens that a pile of oily rags or a mass of damp hay will burst
into flames unexpectedly. A process of oxidation has proceeded to a
point where sufficient heat has accumulated to start combustion.

In contrast to oxidation, we have the chemical change called reduction.
This usually involves a removal of oxygen from the compound. Usually
we mean by reduction such metallurgic processes as the reduction of tin
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from tin ore or of iron from iron ore. Perhaps the best-known commer-
cial application of reduction is the blast furnace for the production of iron.
Iron usually occurs in nature as ferric oxide (Fe;O;). In the blast furnace
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Fie. 131. The blast furnace. (Courtesy, McPherson
and Henderson: “Chemistry for Today,” Boston, Ginn
and Co.)

(Fig. 131), limestone, coke, and iron ore are arranged in layers. The ore
contains much useless material called gangue. In order to separate the
metal from the gangue, limestone is used as a flux. As the mass is heated,
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the coke (carbon) combines with the iron oxide according to the equa-
tion below. The molten iron is drawn off at the vent C and the molten
slag at the vent D,

2Fe,0; 4 3C — 4Fe + 3CO,

Thermit welding of the cracks in iron or steel is a very important form
of reduction. Aluminum powder is mixed with iron ore and heated. At a
certain temperature, the aluminum combines with the oxygen of the iron
ore, freeing the iron which flows into the crack, thus making a firm joint.
The incendiary bombs used in the recent World War made use of this
reaction. We may illustrate reduction by mercuric oxide. If the red pow-
der is carefully heated in a test tube, metallic mercury will collect in the
cool part of the tube.

Mercuric oxide yields mercury plus oxygen.
2HgO — 2Hg 4 O.

SymMBoLs AND ForMmuLAS

The old alchemists used to designate the then known substances by
odd symbols and pictographs. Some of the symbols are of astrologic
origin. For instance, the symbol for gold wasyy (the sun), for iron &,
for silver 9, for water A, and for sulfur & At present, we use the first
letter of the name of the element and frequently the second or some other
letter. For example, there are 11 elements whose names begin with the
letter C. In order to distinguish them, the chemist uses two letters. C is
used for carbon and Cl for chlorine. Some of the elements known in
ancient times are designated by letters derived from the Latin name. The
symbol for silver is Ag, from the word argentum (metal of the moon).
In the formula, a symbol represents one atom. Thus O indicates an atom
of oxygen, while O, represents a molccule containing two atoms of oxy-
gen. A list of the known elements and their atomic weights is given in
Appendix V.

The chemists have analyzed thousands of compounds and know not
only what elements make up the compound but the exact proportion of
each. Thus, H,O stands for one molecule of water, which consists of two
atoms of hydrogen and one atom of oxygen. We also know from the
formula that water contains two parts of hydrogen and 16 parts of
oxygen by weight. In other words, 18.016 Gm. of water can be made from
2.016 Gm. of hydrogen and 16 Gm. of oxygen.

‘The chemist has developed a system of equations, a type of shorthand,
which he uses to express the changes in structure which take place in
chemical reactions. When carbon burns, we know that the result is heat
and carbon dioxide gas. We may write this as follows:
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Carbon plus oxygen yields carbon dioxide plus heat.
C + 02 - COz

Similarly, mercury plus oxygen yields mercuric oxide.

2Hg + O, —» 2HgO

In thermit welding, iron oxide plus aluminum yields aluminum oxide
and iron.

3Fe;0, 4+ 8Al - 4A1,0, 4 9Fc

In the blast furnace, carbon plus iron oxide ultimately yields carbon
dioxide plus iron.
Fe,0, 4+ 2C - 2CO,, 4 3Fe

In some cases we find that one, two, or more clements act as a unit
or radical. Some examples of such radicals are NO,, SO,, NH,, and CO..
When two or more such groups occur in one molecule, the radical is
placed in parenthesis with a subscript as, for example, Al,(SO,) ..

It is difficult for the beginner to understand these combinations of
figures and symbols. The proper balancing of chemical equations can be
acquired only by long cxperience and much laboratory experimentation.
"The student should not attempt to memorize complicated equations. It is
more important that one understand the scientific basis for the expressions.

ATOMIC WEIGHTS

Because of the small mass of atoms—an atom of oxygen weighs only
26 X 10—2¢* Gm.—It is inconvenicnt to use these numbers in chemical
calculations. To obviate this difficulty, the chemist has assigned to each
element an atomic weight—a relative weight. For example, the number
1.008 is assigned to hydrogen, 16.000 to oxygen, 4.003 to helium, and
32.066 to sulfur. Each of the 96! elements has such an assigned weight.
These numbers mean that one atom of sulfur is approximately twice as
heavy as an atom of oxygen and that an atom of helium is only about onec-
fourth as heavy as an atom of oxygen. (An illustration of such a pro-
cedure in another ficld of science is the statement that one star is twice
as bright as another star, without stating the actual brightncss of either.)
If we wish to calculate the actual weight of an atom, for example sulfur,
we may calculate it by the ratio 32/16 X 26 X 10—2¢, which gives us the
number 52 X 10—2¢* Gm. However, for most calculations the atomic
weights are more satisfactory.

When atoms are combined into moleculcs, we make use of molccular

!Four clements have been added as a result of atomic disintegration studies. The
total number is subject to change at any time.
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weights. Obviously, the molecular weight of a compound is merely the
sum of the atomic weights of the atoms composing the molecule. Carbon
dioxide is composed of onc atom of carbon and two atoms of oxygen. The
molecular weight is 12 4 16 + 16 or 44.

VALENCE

The atoms are bound into molecules by some form of attractive force,
probably electrical. Valence is the term which concerns the number of
atoms which can be bound together in a molecule. Specifically, hydrogen
is said to have a valence of one and oxygen a valence of two, since two
atoms of hydrogen combinc with one atom of oxygen to form one mole-
cule of water. To carry the idea further, we may state that an element
whose atoms combine with hydrogen atoms in a one to one ratio has a
valence of one (univalent). An element whose atoms combine with oxy-
gen atoms in a onc to one ratio has a valence of two (divalent). In carbon
dioxide (CQ.), we note that one atom of carbon combines with two atoms
of oxygen so that carbon is said to have a valence of four. Under certain
conditions, it is possible for an element to have more than one valence.

With the development of the thcories of atomic structure, we now
believe that the valence of an atom is determined by the planetary, elec-
trons in the outer shells of the atom. When univalent sodium combines
with univalent chlorine to form tablc salt, a valence electron of sodium
acts as the binding force to produce a molecule of sodium chloride.
(Actually a sodium chloride crystal consists of a network of chlorine and
sodium atoms rather than a serics of separate molecules.)

IoN1ZATION

Many scientists have spcculated as to the nature of the forces which
bind atoms together. Sometimes these forces seem to be very strong,
forming stable compounds such as water, while in other cases, as in car-
bonic acid, the forces seem weak. Some have thought that these forces
were magnctic; others believed them to be electrical in nature. Even today
we do not fully understand the nature of these binding forces.

Various experimenters, among them Sir Humphrey Davy, had found
it possible to separate compounds by means of an electrical current. For
instance, he found that by passing a current through molten sodium
hydroxide (lye) he could produce the metal sodium. Moreover, he pro-
duced also potassium, calcium, strontium, and barium. He found that the
metals were always deposited on the negative clectrode (cathode) of his
apparatus. Was there, perhaps, some charge of positive electricity on the
sodium that caused it to be attracted to the negative electrode? Perhaps
the atomic forces were of an electrical nature. Davy was followed by his
famous pupil, Michael Faraday, who formulated the laws which govern
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the separation of compounds by electricity. This process was called
electrolysis.

Despite the great advance made by Faraday, it remained for Svante
Arrhenius (Fig. 132), a Swedish chemist, to bring forth in 1884 the theory
of ionization which offered for the first time a satisfactory explanation of
the experimental results of the scientists who had preceded him. He as-
sumed that there are two kinds of compounds: those which, like salt in

Fic. 132. Svante August Arrhenius
(1859-1927). (Courtesy, Jones: “Inorganic
Chemistry,” Philadelphia, The Blakiston
Company.)

water, conduct electricity and another type like sugar which, when dis-
solved in water, does not make the water a conductor. His theory assumed
that if NaCl is dissolved in water, some of the molecules separate into
positive ions of sodium (Na)+* and negative chloride ions (Cl)—. It may
be that each of these ions gathers to itself several molecules of water and
these units drift through the water. On the other hand, it may be that
the water molecules have a great attraction for sodium atoms, tearing
them away from the salt. An ion is believed to be an atom or a group of
atoms baving an excess electrical charge, either positive or megative. This
charge is due to the electrons outside the nucleus of the atoms. Since a
neutral sodium atom has 11 electrons, a singly charged sodium ion would
have only 10 electrons. A negative chloride ion, having gained an electron,
would have 18 instead of the normal 17. The water molecules themselves
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ionize but little, usually acting as a medium in which ionization takes
place. A positive ion has lost one or more electrons while a negative ion
has gained them. An examplc of a group of atoms acting as an ion is the
(NO,) ~ radical. Since a hydrogen atom consists of a proton and an elec-
tron, a positive hydrogen ion will be merely a proton.

Ions have cntirely different properties from the original atoms or
molecules. For instance, when the gas, hydrogen chloride, is dissolved in
water, hydrogen ions and chloride ions are formed and the solution is
called hydrochloric acid (Fig. 133). Although chlorine gas is greenish and
forms a pale yellow solution when the gas is dissolved in water, water
containing hydrochloric acid, i.e. hydrogen and chloride ions, is colorless.
When phenolphthalein is added to an acid solution, no visible effect is
seen, but in thc presence of a base it forms a red compound. Many other
substances form colored compounds in the presence of acids or bases.
These compounds are called indicators and are used to test solutions for
the acid or basic properties. Hydrogen chloride dissolved in benzene or
citric acid crystals dissolved in absolutc alcohol will not form ions. Indi-
cators do not change when added to these solutions. This indicates that
ions rather than molecules are responsible for the change in color of the
indicators.

If two electrodes connected to a source of electrical current are im-
mersed in a solution containing ions (an elcctrolyte), the positive ions
drift toward the ncgative electrode (cathode) and the negative ions drift
toward the positive electrode (anode). If we wish to plate a spoon with
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Fie. 133. Diagrammatic representation of ionization. (A) HCIl is dissociated
into H ions and Cl ions. (B) H.SO, is dissociated into H ions and SO ions. (Courtesy,
g’oeld and) Palmer: “Textbook of Modern Physics,” Philadelphia, The Blakiston
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silver, we make the spoon the negative electrode of the apparatus and use
a bar of silver as the anode (Fig. 134). As the current flows through the
solution of some silver salt, the silver ions deposit as metallic silver on the
spoon. As long as the current flows, the silver will spread itsclf over the
spoon and the silver bar will lose silver. At the present time, many metals
are deposited in this way. We have chromium plating on autombiles and
on some houschold utensils. Gold plated jewelry and nickel plated instru-
ments are other examples.

Similarly, if two clectrodes which are connected to a source of elec-
trical current are placed in a dilute solution of sulfuric acid, the hydrogen

Fic. 134. Flectroplating. The process of plat-
ing a spoon with silver. (Courtesy, McPherson
and Henderson: “Chemistry for Today,” Boston,
Ginn and Co.)

ions move to the cathode and, having gained elcctrons, become hydrogen
molecules. The (SO,)~— ions in the solution combine with water molecules
to liberate oxygen at the anode. This is the electrolysis of water.

CHEMISIRY as AN Exacr Science

Although the science of chemistry is very old, it was not until the
eighteenth century that men began to work accurately by weighing and
measuring the substances which they studied. A fundamental principle of
chemistry was first stated by Anton Lavoisier. This law states that in any
chemical reaction, the combined weight of the substances resulting from
the reaction equals the combined weight of the substances taking part in
the reaction. This is the basis of all chemical equations and chemical
calculations.

In simple language, this statement means that if we burn a pound of
carbon in a weighed amount of oxygen, the weight of the carbon dioxide
formed exactly equals the combined weight of the carbon and oxygen
used. Nothing is lost or gained.

If we wish to prepare sodium chloride, we may mix 23 Gm. of sodium
and 35.5 Gm. of chlorinc. At the conclusion of the experiment, we shall
have 58.5 Gm. of sodium chloride. However, if we were to use 30 Gm. of
sodium and 35.5 Gm. of chlorine, we would find that we had still formed
only 58.5 Gm. of sodium chloride and that 7 Gm. of sodium remained.
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Each atom of sodium has combined with one atom of chlorine. We know
that 23 Gm. of sodium and 35.5 Gm. of chlorine contain the same number
of atoms.

Acips

Some common acids are sulfuric acid (H.SO,) used in storage cells,
acetic acid H(C.H;0.) in vinegar, and citric acid (C,FH,O;) in lemons
and grapefruit. These substances have a sour taste, turn blue litmus red,
and most of them react with some of the metals. This latter characteristic
explains why tomatoes will brighten the iron or aluminum pan in which
they are cooked. Acids contain hydrogen and one or more nonmetals.
When dissolved in water, they dissociate into hydrogen ions and nonmetal-
lic ions. In the case of hydrochloric acid, the equation is as follows:

HCl 2 H+ 4 Cl-

The hydrogen ions are responsible for the properties of an acid.

Weak acids dissociate to a very slight extent, consequently, they form
very few ions. The acids in tomatoes, citrus fruits, and soda water are
weak. Other acids dissociate as much as 92 per cent or more, thus forming
many hydrogen ions. These are strong acids, of which sulfuric, hydro-
chloric, and nitric acids are examples. (Of course, in a very dilute solu-
tion, such as about 0.4 per cent of hydrochloric acid, there can be but few
ions present. This concentration is present in the gastric juice.) Vinegar
contains acetic acid and, in addition to its aromatic flavor, is used because
of its acid characteristics. Boric acid is very weak and is used as an anti-
septic and cyewash. Sulfuric acid, while not as strong as hydrochloric,
has th ability to destroy skin, clothing, and wood. It is a dangerous acid.
All acids should be added to water, never the reverse.

Baskes

Bascs usually contain a metal and always contain one or more hydroxyl
ions (OH). The (OH) group consists of an atom of hydrogen and one
of oxygen which are attached to cach other and act as a unit in chemical
reactions. Bases have a bland taste and a slippery feeling. When they are
dissolved in water, they dissociate into metallic ions and (OH) ions, the
latter being negative. The (OH) ions turn red litmus bluc.

NaOH = Na+ 4 (OH)—

One of the strongest, and also one of the most dangerous bases is
household lye (sodium hydroxidc). It should be kept out of the reach of
children, since they sometimes eat it because it looks like candy. House-
hold ammonia (ammonium hydroxide, NH,OH) is a water solution of
ammonia gas (NH,), and although it does not contain a metal, it has the



SALTS 213

properties of a base. Limewater is calcium hydroxide (Ca(OH).), a weak
base. Milk of magnesia contains magnesium hydroxide, another base. Bases
combine with grease and are used for cleaning purposes (Chapter 19).

Savts

There is no more amazing experiment in science than the formation
of a salt by the interaction of an acid and a base. If the experimenter adds
a little phenolphthalein to a dilute solution
of hydrochloric acid and then, drop by
drop, introduces a dilute solution of so-
dium hydroxide, after a time the solution
will turn pink, indicating that it is basic
(Fig. 135). If more hydrochloric acid is
added until the color just disappears and
the solution is evaporated to dryness, the
residue will be found to be sodium chlo-
ride. The neutralization of the ions of the
acid by the ions of the base has produced a
salt, a substance different from either the
acid or the base. In the neutralization of a
strong acid by a strong base, the process is
that of the combination of the (H) and
(OH) ions to form water. Most salts are
formed when acids react with bases and
consist of the metal of the base and the
nonmetal of the acid. However, it must be
emphasized that salts are formed in other
ways as well.

Base plus acid yields salt plus water.
NaOH + HCl - NaCl + H,0

Salts have a characteristic salty taste,
many of them being neutral to litmus.
Common houschold salts are table salt, i< Neueralization appa-
washing soda, baking soda, borax, Epsom ratus. An acid and a base are mixed
salt, sodium phosphate, and soap. to form a salt. In the beaker is an

Wa . : - _ mdgc.ator whose colo; indicates the

/ater dissociates to a very shght‘ €X- basicity of the solution.
tent into hydroxyl and hydrogen ions.
These ions may interact with the ions of other substances. When wash-
ing soda or baking soda are dissolved in water, some molecules react with
the ions of the water to produce carbonic acid, a very weak acid, and
sodium hydroxide, a strong base. For this reason, the solution acts like
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a base. A salt gives a basic reaction if its negative ions are derived from a
weak acid and its positive ions come from a strong base.

In this connection, it is of interest to correct the fallacious idca that
people afflicted with indigestion take baking soda to neutralize the excess
acid in the stomach. The real effect of sodium bicarbonate is to stimulate
peristalsis so that the stomach can empty normally.

OtHER CHEMICALS

In addition to the common chemicals which are classed as acids, bases,
and salts, there are many others which do not come under these heads. A
few are worthy of a brief description in this text.

The element chlorine, which has bcen mentioned as a constituent of
sodium chloride, has important uses when dissolved in water. Chlorine

Table 12
CommoN CHEMICALS

Substance Common Name | Formula
Copper sulfate. . Blue vitriol CuSO,
Iron sulfate . . Copperas FeSo,
Potassium mitrate Nitre KNO;
Sodium mitrate . Saltpeter NaNo,
Magncsium sulfate [ipsom salt MgSQ,
Sodium carbonate . Washing soda | Na.CO,
Ammonium chloride . Sal ammomac | NH,Cl
Sulfuric acid . .. O1l of vitriol | HaSO
Hydrochloric acid. Muriatic acid | HCl
Sodium sulfate . Glauber’s salt | Na.SOq
Boric acid Boracic acid H;BO;
Catric acid L.emon juice CHyO+
Acetic acd . Vinegar HC,H,0,

water has the property that the oxygen of the water is casily released in
the atomic state in the presence of chlorine. This oxygen acts as a germi-
cide and bleaching agent. As we have mentioned, chlorine is often used
in water as a method of purification. Bleaching powder is a chlorine com-
pound (calcium hypochlorite). Chlorine is also a constituent of some of
the poison gases.

Bromine is another element used in many common chemical com-
pounds. It finds its greatest uses in photography as silver bromide and in
medicines as sodium and potassium bromide. Most of the bromine used in
industry is recovered from sea water brines.
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Exp1os1vES

Any chemical material which, when confined, burns rapidly and
generates a high pressure is called an explosive. Gasoline explodes when
mixed with the oxygen of the air and operates the gasoline cngine by
pushing on the pistons of the cylinders.

However, by the term “explosive” we usually mean those solids and
liquids which are able to burn rapidly without the addition of oxygen.
They are composed of nitrogen, oxygen, and carbon. Such explosives are
used in road building, soil conservation, clearing of forest land, quarrying,
and mining. However, in the minds of most persons they are associated
with warfare. Modern warfare is largely a display of high-powered
explosives.

The oldest explosive is gunpowdcr, made from potassium nitrate, sul-
fur, and charcoal. When ignited by a spark, large volumes of the oxides
of carbon, sulfur, and nitrogen are produced. However, the ratc of change
in volume is slow compared to that of some of the newer explosives.
Another disadvantage of gunpowder is the large amount of smoke
produced.

The modern explosives produce only gases, since they contain the
carbon, nitrogen, oxygen, and hydrogen atoms in the same molecule.

The basic principle of producing the modern explosive is that of
nitrating some organic matcrial. The first one produced was made by
nitrating ccllulose with a mixture of nitric and sulfuric acids. This material,
called guncotton, is dissolved in acetone and made into rods and powder
grains.

Another powerful explosive is nitroglycerine (C,H;(NO;)s). If
glycerine is treated with nitric and sulfuric acids, an oily liquid which is
dangerously explosive is produced. Every teacher of elementary chemistry
should be on the lookout for s(.hoolboy attempts along this line. The
manufacture of nitroglycerine is accompanied by a great risk, as it is very
sensitive to shock.

Alfred Nobel, a Swedish chemist, conceived the idea of mixing nitro-
glycerine with wood pulp. This made the matcrial less dangerous to
handle. The mixture is moulded into sticks called dynamite. Another
development of Nobel was to mix acetone, guncotton, and nitroglycerine.
This produced cordite, which is used in gunnery. As a result of his dis-
coveries, Nobel acquired great wealth, which he used to found the Nobel
foundation, which confers the Nobel prizes on outstanding scholars.

By nitrating phenol, the material picric acid is produced. This explo-
sive has many peacetime uscs.

However, the word explosive means to most persons TNT, trinitro-
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toluene, a material produced by nitrating the hydrocarbon, toluene. TNT
has become the standard wartime explosive due to its ease of handling—
its action must be started by a primer—and to the violence of the explosion.
Such a material is a bursting explosive and is not adapted for usc in gun-
nery. Its value is in bombs and torpedoes. One cc. of TNT will produce
nearly 9,000 cc. of gases in a fraction of a second. It is mixed with am-
monium nitrate when used in bombs.

TNT was first used in warfare by Germany in 1914 and was so effec-
tive that the great fortifications of Belgium crumbled almost as if by
magic. The armies were forced from the forts into trenches. In the Second
World War, TNT was the principal explosive used in the great bombs
dropped by airplanes.

The atomic bomb is discussed in Chapter 27.

Porson Gasks

Despite the supcriority of Germany’s artillery at the outsct of the
First World War, both sides had reached a stalemate during the winter
of 1914. In order to regain the advantage, Germany resorted to poison
gas. In April, 1915, a row of tanks of liquid chlorine were laid down in
the battlefield of Ypres. Waiting for a favorable wind, they released the
gas and a cloud rolled over the Allied trenches. The soldiers werc unpre-
pared for such an attack and were demoralized. From that time on, poison
gas was a weapon of both sides. After chlorine, phosgene was used. This
gas is made by mixing chlorine and carbon monoxide in the light. Other
gases were chloropicrin, sneeze gas, and tear gas, the latter two being used
by police authorities of today in subduing criminals.

However, the most disastrous of all substances used as poison gas was
mustard gas. Actually, the substance is a liquid and, when sprayed on the
ground, it lingers, slowly evaporates, and poisons the surroundings for
days. Many soldicrs died from pneumonia from the effects of gas.

In this chapter, we have attempted to survey the history and funda-
mental principles of chemistry as a phase of science. No attempt has been
made to give a complete treatment of the subject of general chemistry.
Rather, we have discussed certain phases which serve as an introduction to
the following chapters on the application of chemistry to our daily lives.
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QUuESsTIONS AND PROBLEMS

1. State five facts about each of these formulas: NaCl, 11.50,, Na.CO,, AL:(SO,),,
Ca(OH),.

. What are the symbols for: oxygen? carbon? sodium? nitrogen? gold?

. How do atoms differ from ions?

. HHow do acids differ from bases?

. Why do some salts have an alkaline reaction?

. What is the difference in structure between: hydrogen and oxygen? sodium and
salt?

. Name scveral common household chemicals.

. What is meant by valence?

. What is electrolysis?

. What is meant by nitration of a substance?

. Iron oxide contains 7 Gm. of iron to every 3 Gm. of oxygen. How much iron can
be produced from 5,000 Gm. of iron oxide? Answer: 3,500 Gm.
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Topics For Discussion

Indicators Explosives Metallurgy
Ancient Drugs Dentifrices Which Neutralize “Acid Mouth”
EXPERIMENTS

1. Acips. Place a few drops of vinegar or acctic acid in half a test tube of water. Test
with litmus. Pour a few drops of this solution into a clean beaker of water and
cautiously tastc it. Cover a small piece of zinc in a test tube with dilute hydro-
chloric acid. What gas is given off? What have you lcarned about the properties of
acids from this experiment?

2. Bases. Add a few drops of sodium hydroxide solution to half a test tube of water.
Test with litmus. Feel a few drops between the fingers. (Wash your fingers with
water. Do not wipe them on clothing.) State two properties of bases.

3. Sauts. Dilute 1 cc. of concentrated HCl with 9 cc. of water. To 5§ cc. of this
diluted acid add 5 cc. of sodium hydroxide solution. (Assuming that the HCI,
concentrated, is 13 Normal, a stock solution of NaOH of the same strength may
be made by dissolving 52 Gm. of NaOH in 1,000 cc. of water.) Test the resulting
mixture with litmus. Add, drop by drop, enough of either acid or base to make the
solution neutral. Pour a few drops of the solution into a watch crystal, placing the
crystal over a beaker of boiling water. When the water has evaporated, leaving
crystals of the salt, compare your crystals with crystals from the stock bottle of
NaCl. If possible, examine the crystals under a microscope.
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4. Inpicators. Use a few drops of each substance in the left hand column in half a
test tube of water. In the case of liquid indicators, add two drops of indicator to
each tube. Record the resulting color in the chart.

Substance | Litmus | Methyl Orange | Phenolphthalein | Methyl Red

HCl

NagCO.,

Al(504)

NaOH

NaCl




15. CHEMISTRY ASSOCIATED WITH LIVING THINGS

The citizen of our day uses modern science at each turn of his day’s
work.

—CALDWELL

Some of the interesting phenomena associated with the chemical prop-
erties of inorganic substances were described in Chapter 14. In addition,
there are a great number of substances which are usually studicd under
the hcading of organic chemistry—the chemistry of carbon compounds.
Among the compounds of carbon, there are several hundred thousand
connected with living matter. It is beyond the scope of this text to ex-
plore the mazc of organic chemistry. We must content ourselves by de-
scribing a few substances which are common in our daily lives. Out of
the nearly 500,000 compounds, there are many with which everyone is
familiar. For example, the list includes such varied materials as foods,
paper, rayon, soap, Bakelite, antiseptics, dyes, perfumes, rubber, Duco,
plastics, glycerine, adrenaline, and penicillin.

Naturally, many organic compounds are derived directly from plants
and animals. Examples are foods, enzymes, vitamins, vegetable medicines,
many acids, olive oil, linsced oil, and ﬂavoring materials. Fermentation
gives us alcohol, lactic acid, and vinegar. The distillation of coal produces
coal tar, which is the starting point for the production of hundreds of
organic compounds.

There are certain differences between organic compounds and in-
organic compounds which are worthy of note. Most organic compounds
are soluble in ether and alcohol but not in water, while many inorganic
compounds are not soluble in alcohol and ether. Most organic solutions
are not conductors of electricity.

Organic chemistry may be said to have had its beginning in 1828. In
that year, Friedrich Wahler (Fig. 136) produced urea (CO(NH.).), a
constituent of urine, in the laboratory by heating thc inorganic salt am-
monium cyanate (NH,CNO). It is interesting to note that, although the
molccules of ammonium cyanate and of urea have the same number of
atoms, they are entirely different substances because of the different ar-
rangement of the atoms in the molecule. Such substances are called
isomiers.

Until that time, man had assumed that a gulf was fixed between ordi-

219



220 CHEMISTRY ASSOCIATED WITH LIVING THINGS

nary inorganic chemicals and those substances which were produced in
living organisms (plants and animals). It had been assumed that some
“vital force” was necessary to produce organic compounds. Accordingly,
the synthesis of organic substances in the laboratory was considered to
be impossible. Wohler’s discovery showed that this belicf was incorrect,
and the experiment opened the way for the preparation of thousands of

Fic. 136. Frederick Wohler (1800-1882).
A famous German chemist. (Courtesy,
“Hackh’s Chemical Dictionary,” Phila-
delphia, The Blakiston Company.)

compounds, many of which were formerly found only in living organisms.

It was early discovered that the element carbon was the heart of all
organic substances. In these substances, carbon has a valence of four.
There are four electrons in the valence shell. The atom can form four
bonds. This means that one atom of carbon can unite with four atoms of
hydrogen or with two atoms of oxygen. Moreover, two atoms of carbon
can unite with each other.

Since carbon does not, as a rule, form positive and negative ions, the
combination of carbon with another element is called a sharing of elec-
trons. Each bond represents two shared electrons. For example, methane

H
(CH,) can be represented by the structural formula H—J}—H or by the
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electronic formula H: C: H. Each hydrogen atom sharces its electron

.o

with the carbon atom, and the carbon atom shares one of its electrons
with the hydrogen atom. The double dot indicates this fact. In the struc-
tural formula, each dash represents two shared electrons.

. CarsoN CoMPOUNDS

Several hundred carbon compounds which are composed of carbon
and hydrogen can be classified in four serics known as the hydrocarbons.
‘The four series are known as: the aliphatic or mcthane series, named
for the gas mcthane (CH,); the ethylene series from the gas cthylene
(C.H,); the acetylene series from acetylene (C.H.); and the aromatic or
benzene series named from benzene (C,H,). We shall describe some com-
pounds of each series.

Methane Series Benzene Series
Methane (CH,) Benzene (C,H;)
Ethane (C.H,) Toluenc (C;Hjy)
Propane (C,Hs) Xylene (CsHia)
Butane (C,Hy,) Mesitylene (C;H,;)

Pentane (C;H,,)
Hexane (C;H,.)
Heptane (C;Hj)
Octane (CsHys)

The methane scrics forms most of the constituents of petroleum.
Methane (marsh gas) is an cssential constituent of natural gas. Being
found in coal veins, it is dreaded by the miners because it often causes
disastrous mine explosions. It is known as “fire damp.” Propane and butane
are compressed in tanks and sold for house fuel. The hydrocarbons hexane
to octane are constituents of gasoline.

The octane number of gasoline is a mcasure of its antiknock value. The hydro-
carbon n-heprane knocks badly in a gasoline engine, while isooctane (2,2,4-trimethyl
pentane) does not knock. The mixture of the two determines the antiknock value
of the fuel. For example, a gasoline which has an octane number of 70 has a knock
tendency equal to that produced by a mixture of 30 per cent n-heptane and 70 per
cent isooctane. Both of these compounds belong to the methane serics. One hundred
octane gasoline is standard aviation fuel. Some of the new fuels have higher ratings.
Triptanc has an octane rating of 150.

One of the marvels of thesc substances is that the chemist can replace
(substitute) the hydrogen atoms with other elements, thus forming new
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compounds. In this statement lies the mystery of organic synthesis, the
building up of complex substances from simpler ones. An example is the
anesthetic, chloroform. When methane and chlorine are mixed, reactions
are possible by which the compounds chloroform and methyl chloride
are formed. The reaction for chloroform may be partially expressed as
follows:

CH, + 3Cl; - CHCI; + 3HCI

If methyl chloride is trcated with sodium hydroxide, we'form meth-
anol. The chemist uses a graphic method of representing these reactions.
It must be emphasized that the methods indicated arc not always the
most satisfactory ones for the preparation of the compounds.

By replacing all the hydrogen atoms by chlorine, we might produce
CCl,, which is the cleaning fluid carbon tetrachloride. (Actually, car-
bon tetrachloride is manufacturcd by a different process.) If we replace
the hydrogen atoms by two atoms of chlorine and two atoms of fluorine,
we produce the gas CCLF,, “Freon,” used in refrigeration (see p. 310).

We might think of methanol (CH,OH) as being formed by a replace-
ment of one hydrogen atom in methane by the hydroxyl radical OH.
This alcobol, often called wood alcohol because it was formerly distilled
from wood, is a dangerous poison. It causes blindness and even death
when taken internally. It has extensive use in the preparation of varnishes
and antifreeze solutions.

If we remove one hydrogen atom from ethane (C.H;) and replace
it by chlorine, we form ethyl chloride, from which ethyl alcohol can be
prepared. However, ethyl alcohol is usually prepared by the fermentation
of grains. It is the alcohol which is used in beverages as well as in extracts,
toilet preparations, and drugs. Pure alcohol is 200 proof. Ordinary grain
alcohol is 95 per cent pure and is termed 190 proof. When cthyl alcohol is
denaturcd by the addition of some substance which renders it unfit for
drinking, it is not subject to tax. Such alcohol is used for solvents and for
antifreeze solutions.

e

H—(ll—?—H H—(IJ~IC—OH
H H H H
Ethane Ethyl alcohol

The benzene series is derived from soft coal. When coal tar is distilled,
the chemist derives a series of compounds called aromatics. Among these
are benzene, naphthalene, toluene, xylene, phenol, and anthracene. Most
of these substances are well-known, naphthalene being used in moth balls
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and phenol (carbolic acid) as a disinfectant and a source of many plastics
(see p. 279).

One ton of soft coal yields about 60 pounds of coal tar. This coal
will yield 10 pounds of benzene, 10 pounds of toluene, 25 pounds of
phenols, and 50 pounds of naphthalene. From these compounds are pro-
duced several hundred intermediates, which, upon further synthesis,
yield thousands of other substances. Fig. 87 shows schematically a few
of the great variety of coal products.

The properties of benzene (CyH,s)—not to be confused with the mix-
ture of hydrocarbons used as gasoline—were first described by Michacl
Faraday. The chemist Friedrich Kekulé devised a structure of the com-
pound by constructing a hexagonal structural formula. In this structural
formula, each line represents a valence bond. It is worthy of note that
x-ray studies justify the structural formula for benzene.

H

¢

7
H-C 4 \C—H

H—IC (l:‘-H
N\, ./

N

¢

Benzenc

The variety of possible substances derived from the benzene ring is
almost beyond belief. About one-half of alt carbon compounds are derived
from benzene. When benzenc is treated with nitric acid, nitro-benzene is
formed, which by reduction with hydrogen forms the amine called
aniline, a source of many dyes. Phenol is a benzene derivative in which
one hydrogen atom has been replaced by an (OH) radical. When phenol
is treated with nitric acid, we get the explosive trinitrophenol. The nitra-
tion of toluene produces trinitrotoluene (TNT). From phenol we also
derive salicylic acid, plastics, acetylsalicylic acid (aspirin), and oil of
wintergreen. Sulfanilamide, the well-known antidote for streptococcal
infection, is also a derivative of benzene.

Other substances which are well known are rubber, ethylene, ethylene
glycol (Prestone), and glycerine. Ethylene (C,H,) is a very interest-
ing hydrocarbon. When mixed with oxygen, it is used as an anesthetic,
replacing ether in some operations. Another commercial use for ethylene
is in the ripening of fruits. If oranges are picked when still green and
are subjected to an atmosphere of ethylene, the fruit develops both
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better color and better flavor. A less happy use of ethylene is in the manu-
facture of mustard gas for warfare. Glycerine is a valuable chemical. It is
used in the manufacture of nitroglycerine and synthetic resins and is an
essential ingredient for skin lotions and medicines.

DYES

Dyes have been used from earliest times. Until rather recently, all
dyes were of three types: vegetable dyes such as logwood and indigo;
animal dyes, for example, cochineal and Tyrian purple; and mineral dyes.

Fic. 137. Sir William Perkin (1838-
1907). (Courtesy, Moore: “History of
Chemistry,” New York, McGraw-Hill
Book Co., Inc.)

In 1856, William Henry Perkin (Fig. 137), an English chemist,
was trying to produce quinine synthetically by oxidizing the dye base
aniline, which is derived from benzene. To his surprise, his result was a
black mass which, when dissolved in alcohol, made a beautiful violet liquid
which could be used to dye wool and silk. He gave the name “mauve” to
the dye. This was the first coal-tar dye ever prepared. Consequently,
Perkin is called the “father of the coal-tar dye industry.” The number of
dyes derived from coal tar is more than 3,000,
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Following up this discovery, Perkin produced the dye alizarin by
the nitration of the aromatic, anthracene. Until this time, the turkey red
dyec alizarin had been produced from the root of the madder plant and
was a French monopoly. As a result of the new method, red dye became
very cheap and the madder root market was ruined.

German chemists now took up the study of dyes and produced a
great varicty of colors. The dyc of the cochineal bug was replaced by
azo-scarlet. Indigo, originally produced in India from the indigo plant,
was made synthetically. Every reader of history is familiar with Tyrian
purple, the symbol of royalty in the Roman empire. This dye was ex-
tracted from a sac in a shellfish along the coast of Tyre, hence the name.
By analyzing this substance, scientists were able to produce a synthetic
purple which was superior to the original. Each year ncw shades having
their origin in the humble coal tar appear.

Some flavoring extracts and perfumcs are composed of complex hydro-
carbons. When the lcaves, flowers, and bark of plants are distilled, pressed,
or cxtracted, a group of essential oils is produced. From these oils we se-
cure such varied compounds as camphor, menthol, lilac perfume, lemon
oil, and many others. Most of the extracts and perfumes are now produced
synthetically.

DRUGS AND MEDICINES

Man has always sought for methods of relieving pain and curing illness.
Conscquently, the search for medicines has been carricd on since the
dawn of history. Many human interest stories have come down to us in
connection with methods of healing the sick.

The ancient Egyptians were familiar with such remedies as castor oil,
alocs, peppermint, anise, juniper berries, and wormwood. Mixtures of
these medicines were used for many purposes, including such scrious dis-
eases as cancer, tubcrculosis, and kidney disease.

The drug opium, derived from the juice of the white poppy, has been
known for 6,000 ycars as a remedy that would relieve pain. Opium is one
of the drugs classed as alkaloids. These occur in dicotyledonous plants.
Some other examples are nicotine from tobacco, atropine from the bella-
donna plant, cocaine from coca lcaves, strychnine from nux vomica, and
quinine from chinchona bark.

In the seventeenth century, quinine came on the scene as an invaluable
medicine for the trcatment of the dreaded malarial fever. Quinine and
the two synthetic drugs plasmochin and atabrine have the property of
killing malaria protozoa in the blood stream. They are specifics for malaria
and travelers in the tropics use them daily. A synthesis of quinine was an-
nounced in 1944.

We all know the drug aspirin (acetylsalicylic acid) which is prepared
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from phenol. This synthetic substance, together with the compounds
salol and sodium acetylsalicylate, relieves congestion, neuralgia, headache,
and rheumatism. It is necessary to guard against excessive usc of these
drugs. They affect the digestion and slow up the heart action if taken in
large quantitics. Some other synthetic drugs which we know are nova-
cainc (an important drug replacing cocaine), mercurochrome, salvarsan,
adrenaline, and cphedrine.

For years, the goal of the research pharmacologist has been to pro-
duce synthetic drugs which would prove to be specific cures for cach
disease caused by bacteria and protozoa. At present, ncarly every disease
due to protozoa can be cured by a synthetic drug. Fven the diseases due
to streptococcus and staphylococcus seem to be yielding to the synthetic
drugs sulfanilimide and others prepared from aniline. Each day brings new
cures of bacterial diseases by the amazing products of the chemical
laboratory.

It is said that the most common American diseasc is constipation. We
have become a nation of drug users in attempting to alleviate the condi-
tion. Many purgatives have the property of causing more water to enter
the intestine. Probably the most common of thesc drugs is magnesium
sulfate (Epsom salt). The presence of this salt in the intestine causes water
to flow in through the walls due to osmotic pressure (see p. 258). A strong
salt solution in the intestine and water outside the wall produce an
osmotic pressure which tends to dilute the salt solution.

Other drugs, such as calomel and castor oil, are intestinal stimulants
due to their irritating properties. Such drugs must be used with caution.
In addition, therc is a whole scries of vegetable drugs which have the
property of causing peristalsis of the intestinal tract. Some examples arc
cascara sagrada, rhubarb, senna, and aloes. Another type of purgative
includes jalap, podophyllum, and gamboge. It is important to emphasize
that no drug will cure the difficulty. Most of them will in time cause the
intestine to become less active so that stronger doses must be taken.

Many persons have the impression that all vegetable drugs are harm-
less. This is entirely wrong. Some of the most dangerous drugs arc of
vegetable origin, e.g., the alkaloids just mentioned. Phenolphthalein, the
essential ingredient of many laxatives, is a mild poison and will in time
cause intestinal irritation.

RUBBER

A discussion of rubber rightly belongs in this chapter on the chemis-
try of carbon, since it is a member of this class of compounds. Rubber is
contained in the juice of certain plants found mainly in the tropics. Rub-
ber trees are raised in great numbers in the East Indies. When cuts are
made in the bark of these trees, a milky liquid which can be coagulated
flows out. The juice is an emulsion of particles of rubber in water.
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When Columbus discovered America, he found the natives using a
strange gummy substance. They made the substance into elastic balls.
In 1731, La Condamine discovered the natives of Brazil playing with
similar balls. This gum was investigated by the French but little atten-
tion was paid to it. It received its name by mistake. Priestley is reported to
have discovered that a wad of the gum would erase pencil marks. On that
account, he called it rubber.

The coagulation of rubber is brought about by various methods. When
such chemicals as acetic acid or alum are added to the latex, a soft mass
of crude rubber is formed. In order to make the rubber suitable for use, it
must be vulcanized, a process discovered by Goodyear. In vulcanization,
the crude rubber is mixed with compounds of sulfur. Other chemicals are
added to give color to the material.

Rubber slowly oxidizes and becomes brittle. It is attacked by strong
acids, the halogens, and by oils. Properly made rubber fabricated with
cotton makes one of the toughest and most durable materials known. The
modern automobile tire is an cxample.

Synthetic Rubber

For a long time, chemists had wished to produce rubber in the labora-
tory. They knew that when raw rubber (caoutchouc) (C;H:)y is heated,
it decomposes into the liquid, isoprene (C;Hs). Although isoprene was
well known, it seemed impossible to reversc the process and polymerize
the matcrial into rubber. During the First World War, both Germany
and Great Britain polymerized isoprenc into a rubber-like material but
the product was not durable. Not until 1931 was a synthetic rubber de-
veloped for commercial purposes. In its production, coal and lime are
heated in an electric furnace, forming calcium carbide. When this material
comes in contact with water, the gas acctylene is formed. A polymer of
this gas called vinyl acetylene is mixed with hydrogen chloride and the
product, chloroprene, results. Chloroprene gradually polymerizes to a
yellow elastic material resembling vulcanized rubber. It is called neoprene.
It should be emphasized that neoprene is not the same chemical compound
as natural rubber.

Another source of synthetic rubber is butadiene, derived from cthyl
alcohol. Butyl rubber has its source in isobutylene, which is derived from
crude petroleum and natural gas.

The shortage of natural rubber which was created when Japan con-
quered the East Indies stimulated the production of synthetic rubber in
the United States and Great Britain. Synthetic rubber is now produced
in several ways.

All synthetic rubbers are deficient in rebound resilience. In automo-
bile tires, this has the effect that considerable heat is generated in the
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tire as it bounces over the road. Probably the best synthetic rubber for
innertube use is butyl. This is usually mixed with considerable natural
rubber and under this condition is very satisfactory.
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QuEsTiOoNs AND PROBLEMS

. What is the benzene ring?

. For what was Perkin famous?

. What was Wohler’s contribution to chemistry?

. What is the difference between an organic and an inorganic compound?
. Describe the production of natural rubber.

. What does the term “synthetic rubber” mean?

AWV D W N

Topics For DiscussioNn

The Benzene Ring Cathartics Dyes
Synthctic Rubber Patent Medicines Polymerization’
ExPERIMENTS

1. Place a little calcium carbide in a test tube and cautiously add a few drops of
water. The gas emitted is the hydrocarbon acetylene C:H.. This gas is used in
the oxyacetylene torch.

2. Consult a text on organic chemistry and write the equations for the production of
scveral drugs.

3. Prepare the gas methane by dropping water on aluminum carbide. Proceed cau-
tiously.

4. PreparaTiON OF Jopororm. Place 25 milliliters of a 20 per cent solution of potas-
sium carbonate in a 150 ml. beaker and add 5 ml. of a special denatured ethyl
alcohol. Heat in boiling water to 70-80° C. and add, in small portions with vig-
orous surring, 2.5 Gm. of crystalline 10dinc. When the brown color has disap-
peared from the solution (add a few more drops of alcohol if nccessary), cool,
filter off the yellow crystals of iodoform, and wash them with distilled water.
Todoform, at one ume, was used as an antiseptic until better compounds were
made available.

The formation of iodoform is not singularly confined to ethyl alcohol. How-
ever, its rcady production from ethyl alcohol provides a simple way of quickly

* Polymerization is a chemical process by which single molccules unite with each
othler ‘t:l) form a more complex compound having different propertics than the single
molccules.
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differentiating between the highly poisonous methanol (wood alcohol) and the
less harmful ethyl alcohol (grain alcohol).

. PrepARATION OF AN Az0 DYE (Orange II). Dissolve 1 Gm. of sulfanilic acid in 2
ml, of a 10 per cent solution of sodium hydroxide in a 150 ml. beaker. Add to this
solution 2 ml. of a 20 per cent sodium nitrite solution. Cool the solution to 5° C.
by the addition of a few lumps of ice and packing the beaker in ice. When the
solution is 5° C. or less, add slowly, with constant stirring, 5 ml. of 4N hydro-
chloric acid. Allow a lapse of 2-3 minutes and pour the contents of the first beaker
into 10 ml. of an 8 per cent 8 naphthol solution contained in a second 150 ml.
beaker. Allow the mixture to warm to room temperaturc. Note the formation of
a highly colored compound, Orange II. Be sure to thoroughly wash out both
beakers when finished as some of the materials are explosive if allowed to become

dry. Orange 1I represents an azo compound which can dye cloth if properly ap-
plied.



16. NUTRITION

Nothing to do but work,
Nothing to eat but food.
—King

Foobs

One of the most important problems of our daily lives is that of foods.
A healthful diet must contain the proper amount of the various food sub-
stances; it must be adapted to the climate, to the age of the individual, to
the amount of work donc by him, and it must be present in digestible form
(Fig. 138). Although the natives in tropical countries usually live on
readily available fish and fruits, the peoples of the temperate zones have
always been compelled to plan for their food supply. Early man obtained
food mainly by hunting and fishing, but as civilization progrcssed, he
became a tiller of the soil and later a herdsman. Modern life utilizes both
animal and vegetable products in the diet. Food substances are often
classed as carbohydrates, fats, and proteins.

CARBOHYDRATES

Among the most important of the foods uscd by both plants and
animals is the great group of carbohydratcs. This group, including sugar,
starches, and cellulose, is composed of carbon, hydrogen, and oxygen.
Perhaps the best known of the sugars is sucrose (C,;H;,O.,) which is
cxtracted from sugar cane and sugar beets. Cow’s milk contains lactose
(milk sugar). In honey and fruits, we find levulose and its isomer, dextrose
(GeH,.0).

Most plants contain the carbohydrates glucose, starch, and cellulose.
Starch grains in potatoes, wheat, corn, and oats are enclosed in cells having
rather tough walls of cellulose. Consequently, it is necessary to cook the
vegetables to break down the cell walls, so that the digestive juices can
act more readily on the starch itself. In bread making, the flour is mixed
with water, sugar, fat, and yeast. A group of enzymes (sce p. 234) pro-
duced by the yeast plants cause the sugar to ferment to alcohol, liberating
carbon dioxide. The gas causcs the loaf to cxpand, and upon baking we
obtain a light spongy mixture of digestible starch, protein, and fat. The
alcohol is expelled during the baking process.

230
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FATS

These substances are found in both the solid and liquid state. They
are classified as fats of animals, such as lard, butter, and tallow, and the
vegetable fats, which include palm oil, cocoanut oil, peanut oil, cottonseed
oil, corn oil, and olive oil. The liquid fats contain olein. In the presence
of a catalyst such as nickel dust (see p. 130), olein will combine with

This rat ate plenty of milk and vegetables, besides meat, potato, bread,
and butter, He weighed 194 grams.

His bones are strong and well formed.

Fic. 138. Growth may be controlled by dict. Food made the difference in these

Xyin)brothers, 6 months old. (Courtesy, Bureau of Home Economics, US. Dept. of
gr.
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hydrogen atoms to form the solid fat stearin. Crisco and Spry are made
in this way (see p. 268). Oleomargarine is composed of beef fats, oils,
and milk churned together.

There are some inedible fats, such as linsced oil and tung oil, which are
used in the manufacture of paints and varnishes.

The body has the ability to store fats in the muscles of the various
organs so that the animal can endure periods of famine. Animals such as
bears and woodchucks, which hibernate in winter, store great layers of
fat in the summer which sustains them in the winter. Humans who eat to
excess store unwanted fat. Fats are a valuable food and are rather expensive.

PROTEINS

Proteins are complex substances which are essential for growth in the
body. Some familiar ones are meats, cgg albumin, the protein in beans and
peas, the gluten of wheat, and the casein of milk. It is certain that the
chemical changes in the synthesis of protcins are some of the fundamental
characteristics of life. So far the chemist has made some progress toward
the synthesis of proteins.

Proteins contain carbon, hydrogen, nitrogen, oxygen, and sometimes
phosphorus and sulfur. The foul odor of spoiled proteins is due to the
nitrogen and sulfur compounds formed during decomposition. Plants
arc able to synthesize proteins, but animals must obtain their protein
materials from their food. Proteins, upon digestions, break down into
amino acids, which are utilized in the human body by being absorbed
into the blood and then synthesized into tissue substances, protoplasm,
and cell membranes (Fig. 139).

Foods that are rich in proteins tend to excrt an acidic effect on the
body because a number of the end products are acids. On the other hand,
fruits and vegetables generally exert an alkaline effect, due to the fact
that they contain salts of calcium, sodium, and potassium. The acids are
burned up in the body and the salts (e.g., sodium citrate) exert a basic
effect in the body. It is interesting that in this way some of the acid fruits
have an alkaline effect in the body.

DiGestion

Carbohydrates, fats, and proteins supply all the energy used by the
body. If a carbohydrate such as dextrose is oxidized, carbon dioxide and
water are formed according to the equation

Coleoc + 602 yields 6C02 + 6Hzo-

When a fat such as stearin undergoes oxidation, the reaction is as
follows:

2C5:H,1100s + 1630, yields 114CO, + 110H,0.
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The oxidation of a protein molecule is much more complicated. Beside
carbon- dioxide and water, nitrogenous wastes and urea are produced.
We eat a great variety of chemical compounds in our foods, many
of them being very complex and insoluble in water. Digestion is necessary

This one had enough protein but of a poor kind. It weighed only 65 grams.

This one had good protein and plenty of it. It grew normally and
weighed 193 grams. -

Good protein foods: Milk, all forms—Eggs—Poultry, all kinds—Cheese—
Meat, lean, all kinds—Fish—Shellfish.

Fic. 139. Protein for building muscles and all tissues. Rats from the same litter,
11 weeks old. (Courtesy, Bureau of Home Economics, U.S. Dept. of Agr.)



234 NUTRITION

Table 13
Foop Varurs, PercrNiacE BY WFIGHT

Protein lf:‘;:);; Fat (I': 2:1: Ash
Beans, navy (dry) 22.5 61 0 18 44 3.5
Lettuce 12 1.0 03 07 0.9
Pcas (grcen) 58 10.6 0s 17 1.0
Tomatocs 09 3.3 04 06 0.5
Apples (winter) 0.3 11.2 0.3 1.2 0.3
Oranges 0.8 8 5 0.2 0.5
Bread (white) 92 511 1.3 05s 1.2
QOatmeal 16 1 67 § 72 09 1.9
Rice (polished) 69 77 4 03 02 0.4
Walnuts (English) 12 5 S0 515 14 1.7
Becfsteak (grilled). 25 2 21 6 1.0
Fggs ..... 13.4 105 1.0
Butter. . . 10 85 0 3.0
Chcese (Amcrican) 29 0 03 36.0 3.4
Milk (wholc) 33 50 40 07
Molasses 21 69 3 32
Olive o1l 100

to break foods into a few simple substances which are soluble in water.
In order for us to derive benefit from our food, it must pass through
the intestinal walls into the blood.

When we consider that our body cells are too small to be seen without
the aid of a microscope, and when we realize that these cells must convert
molecules of food into molccules of body substance and in addition must
oxidize food for body encrgy, we can readily understand why digestion
is important. Digestion is made possible by a set of catalysts called
enzymes.

ENZYMES

These are catalytic substances present in all living cells. They are
organic compounds and play a part in most physiologic processes. A num-
ber of cnzymes have been produced in a pure state. When they are ana-
lyzed, they are found to be proteins or to resemble proteins.

The enzymes in the digestive tract aid in the digestion of food.
Examples of such enzymes are pepsin, rennin, lipase, and trypsin. Zymase,
found in yeast, converts glucose to alcohol and carbon dioxide. The
enzyme sucrase, which is found in tissues, hydrolyzes sucrose to glucose
and fructose.

Enzymes are interesting because each one has a specific function in a
physiologic process. Only a very small amount of the enzyme is needed
to produce the desired chemical change.



DIGESTION 235

Saivary Digestion. The principal digestion taking place in the mouth
is the conversion of starch to sugars. Starch molecules arc very large, the
smallest starch molecule having the probable formula (Ci200H:00001000)-
Such molecules are either insoluble or very slightly soluble in water, de-
pending on their size, but even the smallest are too large to pass through
the intestinal wall. To change starch to sugar in the laboratory, it is neces-
sary to boil it with hydrochloric acid for 20 to 30 minutes. In the mouth,
we can convert starch to maltose in less than 60 seconds at body tempera-
ture. Two enzymes, ptyalin and maltase, act as catalysts to bring about
this astonishing change.

Gastric DicrstioN. The gastric juice contains three enzymes which
are important: rennin, which curdles milk; pepsin, which changes complex
proteins to simple proteins known as peptones and proteoses; and a small
amount of lipase, which converts emulsified fats (sce p. 268) to fatty
acids and glycerine. There is half of one per cent of hydrochloric acid in
gastric juice. One of its scveral functions is the control of protein digestion.
It also aids in the digestion of sugars.

Simple sugars, alcohols, and some drugs (aspirin being one) are ab-
sorbed into the blood directly from the stomach, but the large mass of
food is rctained for one or more hours, being passed into the intestine
very gradually.

INTESTINAL DicrsTioN. Digestive juices from three sources carry on
intestinal digestion. Pancreatic juice is secreted by the pancreas, a small
gland lying behind and below the stomach. It contains sodium carbonate,
which neutralizes the hydrochloric acid; trypsin, which splits any undi-
gested proteins to peptones; steapsin, which digests fats; and amylopsin,
which digests carbohydrates.

Bile secreted by the liver does not contain any enzymes, but it ac-
celerates the digestion and solution of fats,

Intestinal juice is formed in the walls of the intestine itself. It con-
tains erypsin, which splits peptones into amino acids, and threc cnzymes,
maltase, sucrase, and lactase, which complete carbohydrate digestion.

Other substances, such as iron, calcium, and phosphorus, are also
needed in digestion.

YITAMINS

For many years, the students of food chemistry had been faced with
the dilemma that despite the fact that they were able to analyze foods
and could determine their composition with sceming great precision, these
food elements alone did not suffice for satisfactory nutrition. They were
aware that an animal may be fed all the basic foods in a pure form and yet
will not grow or develop properly.

The history of nutrition has provided some very puzzling problems.
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Table 14
VitamINs
Sources Other Deficiency Results Chemical
. n Diet Sources Effects from Use Nature
A | Carrots, Fish liver o1l, | Loss of appe- | Good appetite, | Vitamin A
spinach, B-Carotene,| tite, eyc resistance to esters
pruncs, but- Synthetic trouble, colds | infection
ter, liver, vitamin A and respira-
beans, turnip tory ailments,
greens xerophthal-
ma, mght
blindness
D. |Sea foods, a Cod liver oil, | Rickets, bad Proper metabo- | 1)z (called
D; very little in | 1rradiation | teeth, con- lism of cal- Calciferol)
Ds vegetablcs of ergos- stipation crum and Viosterol
Ds terol and phosphorus,
fats, yeast good bone
structure
E Cereals, lettuce,| Wheat germ, | Reproductive | Fertility and Group classed
sptnach, milk,|  o1l, and sterility in cell growth as tocoph-
cggs, meat lettuce rats erols
leaves
C | Peppers, By synthesis |Scurvy, colds, |Resistance to | Ascorbic acd
spinach, pcas, poor bone infection,
tomatoes, structurc good bone
lemons, structurc,
oranges, raw growth
mulk, liver
B, | Wholc cereals, | Baker’s yeast | Beribert, colds, | Good appetite Thiamine
vegctables, poor diges- and digestion,|  hydrochloride
oranges, tion, nervous |  resistance to
pruncs, milk, instability infection
egg yolk,
liver
B: | Green Brewer’s Anemia, bad Good diges- Riboflavin
or vegetables, yeast, hver | digestion, tion, good
G oranges, extract bad skin, nutrition,
cggs, apples, leg stiffness, good skin
milk, lean pellagra
meat, liver
B Whole wheat, | Nicotinic Pcllagra Nicotinic acid
niacin | liver, yeast, acid
pork, veal,
brown rice
Bs | Wheat, lettuce, | Pyridoxine | Rat pellagra Pyridoxine
spinach, hydrochloride
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During the American occupation of the Philippine Islands, the army
officers tried to better the prison fare by substituting white polished rice
for the brown rice which had been the standard prison fare. Within a
short time beri-beri, a nervous paralysis, broke out and was only checked
when the diet was changed.

It has long been known that sailors who lived for long periods on a diet
which contained no fresh vegetables or fruits developed scurvy, which
could be checked by drinking fruit juices. Because of this fact, sailing
vessels were often called “lime juicers” because of the lime juice they
carried to combat scurvy.

Again, many infants who had been fed with the most expensive foods
developed rickets, a disease of the bones, while other youngsters who
lived on very cheap food did not have this difficulty.

Conscquently, food chemists began experiments in feeding laboratory
animals, particularly rats, with the result that certain substances were
discovered to be present in foods in such small amounts that they escaped
detection by laboratory analysis. These substances were called vitamins
because they seemed essential to the well-being of living organisms. Qur
daily requirement of these substances is a very small amount indeed. A
vitamin is a chemical substance which is necessary in small amounts for
the proper functioning of the body. It must be obtained from outside
sources.

As was mentioned in connection with enzymes, complicated chemical
changes must take place in the body without the benefit of high tempera-
tures or strong reagents. Each vitamin serves specific catalytic functions
in the body, thus enabling chemical changes to take place quickly under
ordinary conditions. It may be that the vitamins are necessary links in the
formation of essential enzymes, especially those concerned with oxidation.

It will be of interest to describe some of the vitamins. Many have now
been identified as definite chemical compounds. In such cases, we shall give
both the older name and the newer chemical name. Much of the uncer-
tainty and mystery has been removed from the subject of vitamins since
some have been synthesized.

ViramiN A promotes growth, helps to maintain a healthy respiratory
tract, prevents an eye disorder called xerophthalmia, maintains the in-
tegrity of the epithelial and ncrve tissues, and aids in reproduction. It has
long been known, for instance, that milk and eggs (good sources of vita-
min A) are helpful in the dietaries of tubercular patients. Vitamin A is
fairly stable but is partially destroyed by cooking at high temperatures
in the presence of air. The carotenes in carrots and other vegetables
change into vitamin A in the body (Fig. 140).

Vitamin A deficiency is not of great importance in any locality where
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vegetable and dairy products are plentiful. A quart of milk provides all
the vitamin A needed by very young children.

Viramin B. There are at least 10 vitamins listed under the name of
vitamin B. Some of these are not completely identified.

VitamiN B,(thiamine) aids digestion and appetite, maintains the in-
tegrity of the nerves, and prevents beri-beri. In past generations, winter
dietaries did not contain much vitamin B,. Fatigue, loss of appetite, rheu-
matism, and nervousness were common complaints in late winter. Spring
tonics were popular. With the coming of fresh fruits and vegetables, the
disorders cleared up, to the underserved credit of patent medicines and

This rat had no vitamin A. It weighed only 56 grams. Note the infected
eye, rough fur, and lack of vigor.

This one had plenty of vitamin A and weighed 123 grams. It has bright
eyes and sleek fur and is vigorous.

Foods rich m vitamin A Butter and cream—Whole milk—Cheese, made
from whole milk—Eggs—Liver, all kinds—-Cod-liver oil—Other fish-liver oils
—Salmon, red—Green and yellow vegetables—Yellow fruits—Tomatoes—
Olives.

Fic. 140. Vitamin A for growth, and the %revention of certain infections. Rats from
tl;e same litter, 11 weeks old. (Courtesy, Bureau of Home Economics, US. Dept.
of Agr.)
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the old time remedies. Vitamin B, is not very stable at high temperatures.
It can be produced from rice polishings and by synthesis. The chemical
formula is now known (Fig. 141).

Vriramin B,, called riboflavin, is an important factor in general bodily
vigor and growth. This vitamin has been prepared in the laboratory. Its
chemical name is riboflavin mononucleotide.

The B vitamin called niacin both prevents and cures the disease pel-
lagra. Its chemical name is nicotinic acid. Because the public confused

This rat did not have enough vitamfn'B. The lack of muscle control is
called spastic paralysis.

The same rat 24 hours later, after receiving a food rich in vitamin B.
Already it has recovered muscle control.

Good sources of vitamin B: Milk, all forms—Fruits—Vegctables—Whole
grains—Nuts—Beans, peas, and other legumes—Liver and other edible organs
—Egg yolk—Lean pork—Oysters.

Fie. 141. Vitamin B for good appetite and good muscle tone. Female rat, 24 weeks
old. (Courtesy, Bureau of Home Economics, US. Dept. of Agr.)
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this name with nicotine, the vitamin is called niacin. Vitamin B,, seems to
be effective in the treatment of pernicious anemia.

Some other B vitamins which are at present of less importance are
pyridoxine (B,), pantothenic acid, inositol, biotin, and choline. Their
value in the human dietary has not been fully studied.

Viramin C. The history of vitamin C goes back to ancient Greece.
Since the beginning of history, armies have been scourged by scurvy.
The disease manifests itself by swelling of arms and legs, rotting of the
gums, and loss of teeth. It was early noticed that fresh vegetables and
fruit juices prevented and cured scurvy. The modern use of orange,
tomato, and other fruit juices has made this disease rather rare among most
peoples (Fig. 142).

This one had no vitamin C and developed scurvy. Note the rough fur
and crouched position due to sore joints.

This one had plenty of vitamin C. It has sleek fur and is healthy and alert.

Good sources of vitamin C: Fresh fruits, especially citrus fruits—Toma-
i:ow, fresh and canned—Fresh vegctables, especially cabbage—Sprouted
egumes.

Fic. 142. Vitamin C for healthy gums and teeth. Guinea pigs of the same age.
(Courtesy, Bureau of Home Economics, U.S. Dept. of Agr.)
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Vitamin E. In 1922, it was found that a substance present in certain
leafy vegetables aided reproduction in rats. The best natural source of
vitamin E, as it is now called, is wheat germ oil. Thus far the knowledge
of the action of this vitamin is not complete.

Viramin D. This compound is called the antirachitic vitamin. It causes
calcium and phosphorus to be deposited in bones and teeth. The com-
pounds of calcium and phosphorus which are carried in the blood stream
are converted into bone in the body, provided vitamin D is present. If

This rat had no vitamin D. Note the short body and bowlegs—typical
signs of rickets.

This one had plenty of vitamin D. Its bones are strong and straight.

Foods that supl;:ly vitamin D: Fish-liver oils—Certain other fish oils—
Oily fish, such as herring, sardines, salmon—Small amounts in milk, cream,
butter, eggs.

FiG. 143. Vitamin D for [EOOd bones and teeth. Rats from the same litter, 20 weeks
old. (Courtesy, Bureau of Home Economics, U.S. Dept. of Agr.)
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there is a deficiency of vitamin D, rickets result. The nervous system is
affected first, then the muscles, skull, and sternum. Arm and leg bones arc
affected last. In very young infants, the soft spot on top of thc head
hardens late and other skeletal deformities develop (Fig. 143).

Actually, there are several vitamins belonging to the vitamin D family.
Vitamin D, is found in cod liver and halibut liver oil and in cgg yolks.
When the organic sterols, such as ergosterol, which are present in many
animal tissues, arc irradiated by ultraviolet light, the vitamin D. is pro-
duced. It is now common practice to irradiate milk and other food prod-
ucts containing sterols in order to produce the vitamin in the food.

The K vitamins are chemicals which assist in blood clotting. They
have been produced in a pure form just recently. They occur in the
green leaves of vegetables and are formed in the intestines by bacterial
action.

Viramin X, the newest of the vitamins, is found in lettuce, egg yolk
and meats. Grass and alfalfa are exccllent sources. It plays an important
role in the palatability of foods.

HORMONES

The third class of body catalysts, the hormones, are manufactured in
a sct of ductless glands. From these glands, the hormones find their way
into the blood stream. They influence activitics of the body.

ADRENALINE is an important hormone of the adrenal glands. It has the
property of constricting the blood vessels. Two similar substances (which
have been synthesized) are ephedrine and benzedrine.

TuyroxiNe comes from the thyroid gland. Its chemical formula is
known and it has been synthesized. This substance stimulatcs encrgy
metabolism. Goiter is the condition caused by an undernourished thyroid
gland. When the thyroxine is taken into the body, it takes effect slowly
but the stimulation lasts for weeks. Herein lics part of the danger of taking
reducing medicines without a physician’s supcrvision. Most reducing
medicines contain thyroxine and it is possible to accumulate such an over-
dose that the tissues will be consumed. Death may be the result of such
a practice.

INsuLIN is the hormone produced by tiny groups of specialized cclls
(islands of ILangerhans) in the pancreas. Its function is to start sugar
metabolism. Diabetes mellitus is the pathologic condition in which there
is either a limited supply or a total lack of insulin. The cause of the de-
ficiency is not known.

Until 1932, there was no hope for a diabetic patient, since the real na-
ture of diabetes was not understood. With the discovery of insulin by
Banting and Best, the hormone can be given by injection to diabetics,
enabling them to eat a normal dict. One source of insulin is beef pancreas.
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There are many hormones which control various organic activities of
plants and animals. They represent fascinating problems to the physiolo-
gist and when they are present in abnormal amounts they causc profound
changes in body functions.
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QuesTtions AND PROBLEMS

1. Name and describe the classes of food.

2. What are hormones?

3. What is meant by the term vitamins?

4. Describe the process of starch digestion.

5. How is a fat digested in the body?

6. Why is it difficult to digest half-cooked starch?

7. What is beri-beri?

8. Explain the process of bread making. Why do we use yeast?

Torics For Discussion

Vitamins Hormones Basic Foods
Intestinal Digestion

EFXPERIMENTS

1. FERMFN1ATION OF SuGaAR. For this experiment, use a 20 per cent solution of sugar
or use one part of Karo and three of water. Add one yeast cake, which has been
broken into bits. Sct aside in a warm (abour 75°-80° F.) place for a day. Carbon
dioxide gas is generated and alcohol is formed. The alcohol can be distilled off and
recognized by its odor. Tt can be further identified by adding strong acetic acid
and concentrated sulfuric acid to a little of it. A fruity odor results. This experi-
ment not only demonstrates the changing of one organic compound into another,
but also illustrates the work of yeast.

2. Test For Sucar. To a few cc. of any sugar except sucrose add a little Benedict’s
reagent. Heat to boiling and note color. This test 1dentifies sugar as a group. Cane
sugar, however, does not respond. Karo, honcy, or bananas may be used.

3. Test ror Starcit. Boil a very small pinch of starch in half a test tube of water. Let
it cool and when cold add tincture of iodine. Blue indicates starch; violet indicates
dextrin.

4. Test vor ProTEIN. There is no test which will identify all proteins. Certain tests
will identify certain organic groupings, which may or may not be present in pro-
tein. These groupings may also be present in nonprotein material. The most uni-
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versal test is the Biuret test. To a little egg white, add concentrated sodium
hydroxide and a very dilute copper sulfate. Warm gently. A purple color indicates
protein; a red-violet color indicates partially digested protein.

5. Test For Far. Place a picce of meat fat or other fat on a piece of brown wrapping

paper. Warm it in an oven. A translucent spot indicates fat.

. Make up a balanced diet consisting of 2,500 calories for yourself for one day.

. Make a list of vitamins and their uses.

. Place a green plant in the dark for two days. Note the change in color.

[- I B= Y



17. WATER AND ITS APPLICATIONS IN DAILY LIFE

Pure water is the best of gifts that man to man can bring.
—AurHorR UNKNOWN

Because of the fact that water is such an intimate part of our daily
lives, we rarely think of it as an interesting substance. Actually, water is
onc of the most curious substances on the earth. It may cxist as a vapor,
liquid, or solid under ordinary conditions. It acts as no other substance in
that it contracts upon cooling until the temperature of 4° C. is reached,
at which point its density is greatest. One cc. of pure water at 4° C. weighs
exactly 1 Gm.

As it is cooled further, it expands and freezes at a temperature of 0° C.
This explains why ice floats on water. One cubic foot of pure water weighs
62.4 Ib., and 1 cubic foot of ice weighs only 56 Ib. About 1 of a cake of
ice floats above the surface of water.

The amount of water on the earth is cnormous, over 3; of the globe
being covered with oceans. In addition, the solid crust itself contains an
amazing quantity of water. Water penetrates ncarly everything; even
granitc has about onc half pint of water per cubic foot. The atmosphere
contains great quantities of water and water vapor. Glaciers are composed
of ice, the solid form of water. All plants and animals must have water to
live. About ¥ of the weight of animal tissue is water, while some plants
arc as much as 95 per cent water.

Since water is such a common substance, we usc it in many ways as a
standard. We use the freezing point and the boiling point as fixed points
for thermometer scales. It is used as a reference unit for specific heat,
specific gravity, the calorie, and the British thermal unit (see p- 302).

Water (H,0) is composed of hydrogen and oxygen. As we ignite a
jet of hydrogen and hold the flame under a cool surface, we sce drops of
water forming. If a current of electricity is passed through acidulated
water, the water molecules are separated into hydrogen and oxygen. In
performing the expcriment, acidulated water must be used, since pure
water is a nonconductor of electricity.

WATER PRESSURE

Every swimmer is aware of the fact that water exerts a pressure due
to its weight. Many pearl divers have ruptured their eardrums and have
245
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suffered internal injuries by descending too far under water. The force
of water sometimes causes dams to collapse, with loss of life and property.
Submarines must be built with great strength to withstand the tremendous
crushing force of the water when they are submerged. The force exerted
by a liquid on any submerged surface is equal to the density of the liquid
times the area of the surface times the depth of the center of gravity of
the surface. For example, the eardrum has an area of about %4 of a square
foot. If a diver is submerged to a depth of 25 ft., the force on the drum is
Y500 X 62.4 X 25 or about 3 Ib. Since pressure is defined as the force on
a unit area, the pressure on the drum would be expressed as about 1500
Ib. per sq. ft. Such a force may rupture the eardrum.

TF--Q—xr
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F16. 144. Model of a hydraulic press. The small piston
has area a and the large one arca A. F/f cquals A/a.
(Courtesy, “Foley’s College Physics,” Philadclphia, The
Blakiston Company.)

Many of us have thrilled to the exploits of Beebe, who descended over
3000 ft. in sca water in order to study marine life at great depths. He used
a metal sphere built to withstand a great crushing force of about 1400 Ib.
per sq. in. His obscrvations were made through a quartz window 10 in.
thick. (The density of sea water is 64 Ib. per cu. ft.)

The force exerted by confined liquids is illustrated by the hydraulic
press. This powerful machine is a familiar sight at service stations, where it
is used to raise automobiles for repair. The mechanismn consists of a large
cylinder which supports the car and a small piston which moves by the
action of compressed air (Fig. 144). The two are connected by a well
of oil or water. As the small piston moves down, it forces liquid into the
cylinder chamber and the cylinder rises slowly. The force on the plunger
(f) is much less than the weight (F) of the automobile. The law which
applies to this case is:

Weight lifted Area of cylinder
Force on piston = Area of piston

The hydraulic press acts on the principle which states that pres-
sure applied to one point of a confined liquid is transmitted equally and
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undiminished in all dircctions to all points of the containing vessel. If we
have a hollow sphere with surface arca of 10 sq. in. filled with water and if
we cxert a force of 11b. on 1 sq. in. of the surface, there will be a force of 1
Ib. on each square inch or a total of 10 lbs. As we pump up a tire, the
pressure applied at the valve is transmitted to all parts of the tube.

Seecrric GraviTy

Every automobile driver is familiar with the hydrometer used to test
the concentration of acid in the storage battery. When a battery is fully
charged, the liquid should have a specific gravity of about 1.275, the figure
varying slightly in different makes of batteries. As the battery is dis-
charged, the specific gravity drops and may safely fall to 1.18 without
causing injury to the cclls of the battery. Specific gravity is the relation
between the weight of an object and the weight of an cqual volume of
water. It is expressed by the following formula:

Weight of a body

Specific Gravity — o<
pecihic Laravity Weight of an cqual volume of water

A more useful form of the relation is as follows:

Weight of a body
dy — weight of the _b(;dy in water

Specific Gravity = Weight of a bo

In a storage battery, this means that the liquid weighs 1.275 times as
much as the same volume of water (Fig. 145).

As an illustration of the use of the formula, we shall solve a simple
problem. A picce of brass measuring 1 X 2 X 4 cm. weighs 67.2 Gm. on
a laboratory balance. Its volume is 8 cc. Eight cc. of water at 4° C. weigh
8 Gm. Hence, 8 cc. of brass compares in weight to 8 cc. of water as 67.2
compares to 8, or the specific gravity of the brass is 8.4.

Table 15

SeeciFic GRAVIIIES

Aluminum
Brass
Copper
Cork
Gold

Iron

Lead
Mercury
Oakwood
Pinewood
Platinum
Silver
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Buovancy

One of the most intercsting phenomena associated with liquids and
gases is that of buoyancy. Balloons and dirigibles float in air, and many
objects float in water. When we are swimming, we find that it is very
easy to pull ourselves out of water until we are part way out, when we
seem to grow hcavier. We notice this

D’%ﬁ:ﬂ%" M‘-AE'%{‘YN?“AB&&.E when climbing from water into a boat.
1.0 = 1000 As long as we are entirely immersed in
: the water, we can pull ourselves up casily,
1.1 E4100 but when we are ncarly out of the water,
' DEAD it is difficult to climb into the boat. Swim-

1.2
13
4

1200 HALF CHARGE mers in the Dead Sca and in Great Salt
3 FULL CHARGE Lake have difficulty in swimming because
1300 the buoyancy of the salt water pushes the
1400 feet higher than the head. Because of the
buoyancy of watcr, ships travel the sea
and animals can float and swim. In fact,
the size of a ship is given in tons displace-
ment, meaning the number of tons of
water displaced by the ship when it is
loaded to capacity. Buoyancy is the prop-
Fic. 145. Storage battery hy- erty of llql}lds ax}d gases b)f which they
drometer. (Courtesy, “Foley’s support objects immersed in them (sce
College  Physics,”  Philadelphia, page 155).
The Blakiston Company.) The principle of buoyancy was first
stated by Archimedes, the philosopher of Syracusc, about 240 B.C. This
principle may be expressed as follows: 4 body innnersed in a fluid is
buoyed up by a force equal to the weight of the displaced fluid. A consc-
quence of the principle is that objects which do not weigh more than
an cqual volume of the gas or liquid, float. In other words, objects which
have a specific gravity of unity or less than unity float in water.

An intercsting legend tells of the circumstances which led to the discovery of
the principle. It scems that Hicro, the tyrant of Syracuse, had commissioned a gold-
smith to fashion a gold crown. After receiving it, [liero became suspicious that con-
siderable silver had been used. He asked Archimedes if one could detect the pres-
ence of silver in the gold crown. Archimedes hit on the answer by noticing that,
while submerged in the bath, his body displaced an cqual volume of water. Ile also
recognized that the force buoying up his body was the weight of the warter dis-
placed. He solved the problem by weighing the gold crown and an equal weight
of pure gold, first in air, and then when submerged in water. Were the crown
alloyed with silver, the apparent loss of weight should be greater than for the gold
bar. We may illustrate this principle by an example. Let us suppose that the block of
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pure gold weighs 20 Ib. and has a specific gravity of 20. When immersed in water
the block would apparently weigh only 19 1b., a loss of 1 1b. However, if the 20 Ib,
crown were an alloy of gold and silver having a specific gravity of 13, then the ap-
parent loss of weight would be 1.8 lb. Thus, an adulteration could be easily detected
without njuring the crown.

A 1 cm. cube of a material heavier than 1 cc. ot water sinks and dis-
places 1 cc., or 1 Gm., of watcr. Because of this displacement, it scems
to weigh 1 Gm. less than it originally weighed. There is a greater pres-
sure (becausc of the greater depth) pushing on the bottom of the cube
than on the top of the cube. If the force downward is § Gm. and the
force upward is 6 Gm., the block experiences a buoyant force of 1 Gm.,
which is the weight of the water displaced
(Fig. 146).

The volume of an irregular object such
as a stone which has a specific gravity
greatcr than water may be determined by
placing it in a vesscl that is completely
filled with water. The volume of the over-
flow is the volume of the body. Or, by
Archimedes’ Principle, if we weigh the
stone in air and when under water, the
apparent loss of weight of the body as
measured in grams is equivalent to the vol-

ume in cubic centimeters. Fic. 146. The pressures on
the sides of a 1 cm. cube sub-

merged 5 cm. below the surface
Warer PuriFicaTion . of water arc equal. There is

. greater pressurc on the lower
The problem of sccuring an adequate  surface than on the upper.

and satisfactory supply of drinking water

for cities is a serious one. Some cities, such as Philadelphia, Pennsylvania,
and Columbus, Ohio, sccure water from rivers. New York City main-
tains great reservoirs, which are carcfully protected from pollution, in
the Catskills. Wells are not permitted in congested communities because
there is always the danger of contamination.

Water is never found pure in nature. The impurities which get into
water as it flows over and through the ground may be classified roughly
into suspcnded material, dissolved matter, and colloidal substances. Drink-
able watcr should be free from poisonous substanccs and diseasc-producing
organisms. It should have a pleasant taste and no objectionable odor. The
purification processes usually include sedimentation, filtration, and
chlorination.

SEDINMENTATION. In the laboratory, suspended matter is removed by
filtering through filter paper. Such a method would be much too slow and
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costly for large volumes of water. The usual city filtration bed consists
of a large tank with outlet pipes along the floor. The bottom of the bed
is covered with rocks on which are placed layers of coarse pebbles, gravel,
and sand, in the order named (Fig. 147). Water flows into the bed at the
top and leaves by the pipes at the bottom. At periodic intervals the flow
of water is stopped and the bed is cleancd by forcing air and water
through the bottom. The debris is carried off at the top.

Because of the large basins which would be required for simple sedi-
mentation, coagulants are uscd in connection with the process. The coagu-
lant such as alum reacts with the alkaline salts in the water to form a gela-
tine-like material which settles. It is essential that the water have the
proper alkalinity. If this is not true, alkalis must be added. Many bacteria
and protozoa are trapped by the coagulated mass, so that thc mcthod is
also a disinfecting one.

FiLtration. This is similar to sedimentation except that the water is
passcd through some porous material.

BoiLing. By this process, living organic matter is destroyed and car-
bonate hardness is removed. In case of doubt, all drinking watcr should
be boiled.

DistiLraTion. Distillation differs from boiling in that the steam is
passed through condensers and is then collected as distilled water. This
process is used whenever extremely pure water is needed. Drug stores,
laboratorics, storage batteries, and many industries require distilled water.
The watcr is not very palatable, having no minerals to give it flavor.

AEgraTioN. Water is sometimes sprayed into the air or allowed to flow
over surfaces resembling shutters in order to permit a maximum quantity
of oxygen to dissolve in it. The oxygen kills bacteria and helps to dispose
of some of the organic matter and gascs which have an unpleasant odor.

CuroriNaTiON. Of the various disinfection methods, the application of
chlorine gas is the most widely used. Liquid chlorine is obtained in cylin-
ders and is introduced as a gas into the chlorinator, where it is mixed with
water. The resulting chlorine solution is applied to the large body of
water which is to be disinfected.

Another form of the chlorination trecatment is thc ammonia-chlorine
process. If a mixture of ammonia and chlorine is added, not only is the
water sterilized, but also the chlorine taste which sometimes results when
chlorine is used is prevented.

UrrravioLEr Rays. An interesting way for disinfection where small
bodies of water are involved is by the use of ultraviolet rays. The water
flows through the apparatus in thin layers, where it is exposed to the rays
from mercury lamps. Such a method is useful for swimming pools and
for water which is to be used in bottled drinks.



251

WATER PURIFICATION

("0D pue uuIr) ‘uolsogq '.L1ist
-wdY) [BISUDY),, (UOSIIPUIH PUE UOSIYJDJY ‘Asauno)) -aue[d uonesyund-1nem Ao e jo uonerado syy Sunensnpr weaderq 141 011

xassd v Yipesy s ‘ ‘5 )y \\ 1, ’,
4 e . P 7779 Lele .
;.

. Al R S R R I
sdund Of ) S 70 o Sl N I .
= oS = == _ —4opULD FUNLOTYD
e ——— W.'.: o (@ ald

= s =T e o SE
I 1004080d = . = o z =) pourpss

-~y

sopppod buriung

— L DO Tl AR 0 A o

e == O ooy

7 B (|1
q

VA A
oy puvs pidoy a »E,am\
$.402)08SUT— _m

4]

<

yso VpoSY .
o

wmy NI AR

oury

=
\




252 WATER AND ITS APPLICATIONS IN DAILY LIFE

WATER SOFTENING

Many water supplies, especially wells, give difficulty to the uscr in that
the water is said to be “hard.” Various mincrals which are present in solu-
tion in water supplies intcrfere with laundry work, dycing, tanning, and
other industrial uscs. Hard water is also a serious problem in steam plants,
since it produces boiler scale.

The principal materials which make water hard arc the bicarbonates
and sulfates of calcium and magnesium. Carbonate hardness is due to the
presence of calcium bicarbonate and magnesium bicarbonate. Although
these compounds break down and form the carbonates when the water is
boiled, such a method is unsatisfactory because the insoluble carbonates
form boiler scale, which is difficult to remove. The usual softening proc-
ess for carbonate hardness involves the use of lime (calcium hydroxide).
If the proper amount of lime is added to the hard water, an insoluble
compound is formed. The soft water can then be decanted from the
softening tank.

‘The noncarbonate hardness (permanent hardness) of water is due to
calcium or magnesium sulfates or chlorides. Boiling docs not remove this
type of hardness.

In Chapter 19, the chemistry of soap manufacture is discussed. Soap,
when used in pure water, produces a lather which helps to remove grease
and dirt from the material being washed. If soap is used with noncarbonate
hard water, the soap combines with the salt, e.g., calcium chloride, to form
calcium stearate, a slimy, curdy precipitate. Only when all of the calcium
chloride has been removed will a lather form. Such a softening process is
too cxpensive for water softening, since it uscs a great deal of soap.

In order to soften hard water in the home, a good method is to usc
sodium carbonate (soda ash) or borax in the water. These materials will
react with the calcium and magnesium salts to form insoluble compounds.

In the large softening plants used by cities, both soda ash and lime are
added to the water for complete softening. The lime combines with the
calcium bicarbonate and the soda ash combines with the calcium or mag-
nesium sulfates or chlorides. The principal reactions can be illustrated by
the following chemical equations.

LLime plus calcium bicarbonate yiclds calcium carbonate plus water.
Ca(OH), 4 Ca(HCO,), — 2CaCO; + 2H.O

Sodium carbonate plus calcium sulfate yields calcium carbonate plus
sodium sulfate.
Na,CO; 4+ CaSO, — CaCO; 4 Na,SO,

Ton ExcHaNGERs. The most important of such water softening methods
is the one which uses the mineral zeolite. This method of softening water
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involves no addition of chemicals except sodium chloride and there arc
no precipitates. The water is allowed to filter through a bed of the zeolite.
In the process an exchange of ions takes place, the sodium ions from the
zcolite replacing the calcium ions in the hard water. Likewise, the calcium
ions enter into combination in the zeolite. Zeolites are silicates of sodium
and aluminum. The most common type is the mincral green sand (marl).
There arc large supplies of this mineral in the United States. An illustra-
tion of the form of rcaction follows:

Sodium zeolitc + calcium sulfate — calcium zeolite + sodium sulfate

Water softened in this way is almost devoid of hardness. Many in-
stitutions, such as hospitals, hotcls, and laundries, use the method to pro-
duce really soft water. A most interesting feature of this zeolite softening
proccss is that the mincral can be restored to its original composition by
passing a strong sodium chloride solution through the filter in the reverse
dircction. This produces a chemical reaction by which calcium zcolite re-
verts to sodium zeolite.
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QUuEsTIONS AND PROBLEMS

1. What is the weight of 1 1. of purc water at 4° C.? Answer: 1000 Gm.

2. How many rons of freight can be carried on a barge 20 ft. long, 10 ft. wide, and 10
ft. deep, weighing 5 tons? Answer: 57.4

3. Onc hundred cc. of sulfuric acid weigh 182 Gm. What is its specific gravity?
Answer: 1.82

4. What 1s the specific gravity of a piece of wood (pine) 3 X 6 X 10 cm. that weighs
108 Gm.? Answer: 0.6

5. A ring weighs 194 Gm. By using a balance and some water once can determine
whether the ring is gold or brass. How?

6. How would you determine the weight of an irregular piece of iron without weigh-
ing it?

7. “ghat is the specific gravity of an object that weighs 48 Gm. and displaces 8 cc. of
water? Answer: 6

8. What is the weight of a piece of aluminum 3 X 4 X 8 cm.? Answer: 259.2 Gm.

9. Describe four methods for water purification,
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VisvaL A
“Beyond the Microscope,” General Electric Co. Film

[ XPERIMENTS

1. Thoroughly mix 10 cc. of concentrated sulfuric acid with 200 cc. of water. Fill a
Hoffman electrolysis apparatus (both tubes must be completely filled) and con-
nect to a storage battery. Once electrolysis has started do not reverse the terminals.
(Unless this precaution is observed, a mixture of hydrogen and oxygen which is
cxplosive may be formed.) The cathode tube should contain hydrogen and the
anode oxygen. Idenufy the two gases by placing a lighted match over the opcenings
and cautiously allowing the gases to cscape.

2. Weigh a clean, dry iron ball. Fill an overflow can with water until water runs
out as additional water is poured in. Place a dry graduated cylinder under the spout
of the can; immerse the ball and note how much water has run into the cylinder.
Calculate the specific gravity of the ball. Judging from the amount of the overflow,
how much do you think the iron ball weighs in water? Verify your answer.

3. Placc in three separate tubes 20 cc. of distilled water, of faucet water, and of water
containing about 3 drops of calcum chloride. Carefully add soap solution to each
tube, counting the drops in each casc. Shake the test tubes well after cach drop of
soap is added and keep adding soap until Jasting suds are produced. Be carcful to
distinguish between suds and scum. (Soap solution may be prepared by dissolving
10 Gm. of castile soap powder in 1 L. of 50 per cent ethyl alcohol.)

4. Pass carbon dioxide through limewater until the precipitate which is formed com-
pletely disappears. Test with soap solution. Is it hard? Boil 20 cc. of the solu-
tion for 5 mmutes and again test with soap. What type of hardness is this?

5. Add 3 drops of calcium chloride to 40 cc. of distilled water. Test 20 cc. for hard-
ness. Add washing soda to another 20 cc., filter, and again test for hardness. What
effect did the washing soda have on the solution?

6. Distill 50 cc. of muddy salt water and test the distllate for hardness. Is the water
soft?

7. Secure a small amount of zeolite and filter hard water through it. Test the water
with soap.



18. TRUE AND APPARENT SOLUTIONS

It is the part of scientific men to lift the wveil from the mysteries of nature.
—Hume

One of the most common everyday experiments is that of making a
solution. A lump of sugar is dropped into hot coffee. As the liquid is
stirred, the sugar disappears; yet we find that the coffec is sweet. If we try
the experiment with cold coffee, the sugar dissolves rather slowly.

On the other hand, if we try to dissolve a lump of marble, an object
rescmbling sugar, we find that it is impossiblc to make a water solution of
the rock. Why does sugar dissolve in water while marble does not? Scien-
tists believe that water molecules moving about as clusters in the liquid
bombard the sugar and break the lumps apart. For some reason the mar-
ble does not break apart under the bombardment. Perhaps calcium car-
bonatc molecules cling too firmly to each other.

The process of solution presents many curious differences. Sugar dis-
solves in water but not in ether; butter dissolves in ether but not in water;
onc may dissolve 13 Gm. of potassium nitrate in 100 Gm. of water at
0° C. and 246 Gm. at 100° C. Alcohol dissolves in water in any propor-
tion and the temperature rises; ammonium chloride dissolves freely in
water, but the temperature falls. Onc liter ¢about one quart) of water dis-
solves 1298 1. of ammonia gas at 0° C. and only 710 L. at 20° C. (Fig. 148).

Most theorics of the process of solution are based on the electrical
propertics of molecules. Some compounds have molecules called the polar
type which act as if one end of the molecule has a positive charge and the
other end a negative charge. Water is such a compound. On the other
hand, the hydrocarbons like gasolinc have nonpolar molecules.

If two polar molecules such as water and sodium chloride are mixed,
the unlike charges causc the molecules to be attracted to each other and
solution results. Gasoline being nonpolar does not dissolve in water but
another nonpolar molecule, such as fat, will mix with gasoline.

Scientists are not agreed as to whether solution is purely mechanical
or a type of chemical process. Sugar dissolved in water acts like a gas by
excrting pressure. This process would appear to be mechanical. On the
other hand, we often get curious color changes when materials go into
solution. If we dissolve anhydrous copper sulfate, which is a gray ma-
terial, in water, the solution is blue. When the salt is crystallized out of

255
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solution, the substance retains some water of hydration and the crystals
are blue (blue vitriol). Some substances like salt water conduct elec-
tricity, while others like sugar solution do not. Probably the best idea is
that solutions stand midway between chemical compounds and simple
mixtures or suspensions. In support of solutions as chemical compounds,
there are some very common types of solutions which appcar to be ac-
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companied by chemical reactions. When ammonia gas is dissolved in
water, there is every evidence that it does rcact with water, forming the
base, ammonium hydroxide (NH,OH). However, no one has ever iso-
Jated ammonium hydroxide as a scparate crystallinc substance. Similarly,
carbon dioxide gas scems to combine with water to form carbonic acid,
which gives the acidity to “soda water.” If we pour concentrated sulfuric
acid into water, the solution becomes very hot. In these cases, we do
know that chemical changes have taken place.

SomEe TeErMs Usep IN SoLuTtioN

In discussing solutions, the term solvent or dispersion medium is used
to designate the liquid, gas, or solid in which the substance is dissolved.
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The dissolved substance is called the solute. In the casc of the solution of
gases in gases, liquids in liquids, and solids in solids, the predominating
substance is the solvent. Gases will mix in any proportion. We have, for
cxample, the mixture of gases in the atmosphere. In this case, we might
regard the nitrogen as the solvent. Some liquids, such as alcohol and water,
are miscible in all proportions. If the alcohol is less than half the mixture,
it is the solute. If its proportion excceds the water, it is the solvent. If we
clamp a picce of gold to a bar of lead, the gold will penetrate slowly into
the lead. We regard the lead as the solvent. The gas hydrogen will dissolve
in the metal platinum. Gold used in jewelry is a solution of copper in gold.

A concentrated solution is one that contains a relatively large amount
of solute. At 20° C, 100 Gm. of water dissolve 109 Gm. of sodium
hydroxide. If we dissolve only 20 Gm. in 100 Gm. of water, wc have a
dilute solution; 90 Gm. would be a concentrated solution, 109 Gm. a
saturated solution. When a hot saturated solution is allowed to cool
slowly, it sometimes happens that the excess solute does not scttle out of
solution. Hence, the cool solution contains more solute than is usually
held at that temperature. This is a supersaturated solution.

One commercial application of a supersaturated solution is a type of sclf-heating
water bottle. A solution of hypo (sodium thiosulfate) is supersaturated and allowed
to cool in the metal contamer used as the hot water bottle. If the container is shaken,
some of the salt precipitates and heat is liberated.

ProOPERTIES OF SOLUr1ONS

Solutions dissolved in water modify the properties of the water. Every
housewifc is familiar with the usc of salt in water for cooking purposes.
Salt has the property of raising the boiling point several degrees so that
the starch cells and muscle tissues break down more rapidly, thus hasten-
ing the cooking.

A mixture of salt and ice melts at a lower temperature than ice alone.
Peoplc scatter salt over icy pavements to speed up the mclting of the ice.
Calcium chloride lowers the freezing point of water and is used as a brie
in the manufacture of ice. In the winter, we use materials in our auto-
mobilc radiators to prevent the water from frecezing. Some of the sub-
stances used are glycerin, ethylene glycol, and alcohol. Such solutions have
a lower freezing point than pure water. A desirable antifrceze should not
injure the radiator, should flow freely in cold weather, and should not
evaporate to any extent.

OSMOSIS

A very interesting, and to some cxtent mysterious, effect produced by
solutions is oswmosis. If we fill and seal a sausage casing made of animal
membrane with concentrated sugar solution and place it in a beaker of
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water, we find that after a few hours the sausage casing will swell and
even burst because of the water that has cntered. During this time, very
little sugar has passed into the water outside the casing. The housewife
soaks dried fruits such as prunes in watcr to restore the water lost in dry-
ing. Osmosis may be defined as the diffusion of solvent particles through a
semipermeable membrane. An intercsting experi-
ment within the reach of every science class is the
osmosis of water in a carrot, as shown in Fig. 149.
The carrot is hollowed out and the cavity filled with
syrup. A cork and a glass tube are inserted. If the
carrot is placed in a dish of water, the water will
slowly diffuse through the shell of the carrot and
h 2 pass into the syrup. As the volume of the syrup in-
crecases, the solution rises in the glass tube. The
height of the liquid in the tube is a measure of the
osmotic pressure.

Osmosis is one of the most important factors in
the behavior of living matter. Air passcs through the
lungs into the blood, and carbon dioxide passes out
of the blood into the lungs by osmotic pressure.
Soil watcr passes through root hairs into the tissue
of the plant by osmosis. By this means, dissolved
minerals and other food materials are carried to the
plant. Should salt be thrown on the ground or
should too much fertilizer be applied, the concen-
tration of the mincrals of the salt water would be-~

Fic. 149. Owing
to osmosis, water
has passed through
the carrot into the
sugar solution. The
height (h) meas-

ures the osmotic

pressure.  (Cour-
tesy, “Foley’s Col-
lege Physncs,” Phil-
adelphla, The Blak-
iston Company.)

come greater than that of the plant protoplasm,
thereby causing the moisture to leave the roots.
Osmotic pressure is partly responsible for the rise
of sap in trees. It must be emnphasized that it is not
the only causc. Osmosis often causes toothache. If

the dentine of the tooth is cwcposcd and a piece of

candy is placed in the mouth, the saturated syrup in the mouth produces
an effect on the nerve by osmotic pressure through the porous dentine.
Both the rise of the boiling point and the osmosis of solutions are best
explained by the vapor pressure of water as compared with the vapor
pressure of the solution. It appears that a substance such as salt, when
dissolved in water, tends to hinder the water molecules from cscapmg
from the hquid. If pure water and a solution of some substance in water
are placed on opposite sides of a porous membrane, the water molecules
in contact with the membranc on the water side have more frecdom of
motion and can diffuse freely through the wall. On the other side, the
water molecules are bound to the molecules of the solute, so that neither
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Fie. 150. Drawing illustrating the process of osmosis. (Courtesy, Heil: “The Physical
World,” Philadelphia, The Blakiston Company.)
water nor solute pass freely through the porous wall, because these sol-
vent-solute clusters reduce the evaporation tendency of the water. (A
less satisfactory explanation states that the pores of the wall are too small
for the passage of the solution clusters but are large enough for the pas-
sage of water molecules.) Consequently, the water will pass through until
the pressure set up by the height of the solution prevents further passage
by equalizing the rate of water diffusion in the two dircctions. Figure 150
illustrates the osmotic phenomenon through a membrane separating the
solution and the solvent. The large circles represent sugar molecules and
the small circles water molecules.
COLLOIDS

The individual particles of the solute in a solution are too small to be
seen in the microscope. They probably consist of single atoms or mole-
cules and can pass through animal or vegetable membranes and filter paper.
There is a different class of substances, very common in daily life, which
has very pcculiar properties. These substances arc aggregations of atoms
and molecules which, while invisible to the eye even with the aid of a
microscope, are very large compared to atoms. They are called colloids.
We can taste and smell some of these colloids even though we cannot see
them. Every hay fever sufferer is aware of the tiny particles of plant pollen
which irritate the nose and throat. We are familiar with the smell of new-
mown hay and the scent of flowers. Each of these materials is composed
of particles of colloidal size.

Colloid particles range in size from %4 ¢ to % 990 micron.! They may be
solid, liquid, or gaseous, and arc surrounded by a dispersion medium which
may be solid, liquid, or gaseous. Such mixtures arc often called sols.
They cannot be filtered by the usual process. Such substances may be
classified into eight groups as follows:

* One micron is ¥4goo mm.
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Table 16

CLASSIFICATION OF SoLs

1. [Solid in sold .. Gold 1n glass (gold ruby glass)
Selenium in glass (red glass)

Solid 1in hqud . Gold in water
Sulfur in watcr
Sodium chloride in alcohol

-

w |

Solid 1n gas. . Blue tobacco smoke
Dust in air

I
|

Liquid in solid . Water in calcium carbonate (pearl)

n | o+

Liquid in hquid Emulsions such as mayonnaisc
Geclatins in water
Jcllies

6. | Liqud 1n gas . Fog and clouds 1n air

7. { Gas in sohd . . Seafoam candy
Floating soap
Gray hair

8. | Gas in liquid . Soap suds
Whipped crcam
Foams

Almost all the processes of living tissue are concerned with colloidal
dispersions. The cells, including both protoplasm and ccll walls, are col-
loidal. The physiologist who studics such body processes as nerve action,
digestion, circulation, and secretion is concerned with colloidal dispersions.

The chemistry of colloids concerns such varied subjects as blue cyes,
photographic film, cheese, salad dressing, tanning, cement, rubber, glass,
paint, varnish, foam, pottery, blue of lakes and bluc of sky, colors of
feathers and colors of paints, baking of bread, dyeing, and water purifica-
tion. Truly, colloids are a part of our daily life.

We cannot see colloids directly but if the source of light is properly
adjusted, we may see the diffraction pattern duc to the light scattered by
these tiny objccts. We see clouds (colloidal water), and we notice dust
particles dancing in a beam of sunlight in a darkened room. The ultra-
microscope, invented in 1908, utilizes the principle of the dancing particles
in the light to make the position and motion of the colloidal particles
visible. A strong horizontal beam of light (Fig. 151) is focussed, by means
of a system of lenses, at a point in the glass cell on the microscope stage.
The particles in the colloidal solution in the cell scatter the light, thus
producing a diffraction pattern. The light does not enter the microscope
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directly so that only rays scattered sidewisc arc scen. We do not actually
see the detail of the particle, but a diffraction pattern around it.

The ultramicroscope makes particles visible which are as large as 10
millimicrons in diameter. Since most molecules are much smaller than
this, they cannot be seen in the ultramicroscope. It may be that some of
the very large molecules of proteins can be seen by mecans of the ultra-
microscope. The clcctron microscope enables us to study very small
particles (scc p. 349).

PreparaTioN or Corroms. Colloids may be preparcd by grinding, by
peptization in water, by emulsification, and by clcctroly.sis. The colloid
mill is a device used to grind materials so fine that they are colloidal in
size. Another dispersion method is the arcing of metals in water. If two
electrodes of gold, silver, or platinum are connccted to a source of elec-
tricity and the tips placed ncarly in contact under acidulated water, an
arc will pass and small particles of the metals scatter into the water,
forming a colloidal dispersion. Such materials are called suspensoids.
When an oil and a liquid such as water or vinegar are mixed in the presence
of an emubifying agent such as egg or milk cascin, an emulsoid which is
partly colloidal is formed. In the chemistry laboratory, one may form a
colloidal mixture very simply by pouring ferric chloride into boiling
water. We may form some colloids by simply mixing substances with
water. If we mix glue or gelatin with hot water, a colloidal suspension is
formed. We are all familiar with gelatin desserts, which are colloidal in
nature.

Because of their size, colloidal particles have intcresting properties.
They have astonishing powers of absorption because of their large surface
arca. The gels contain large amounts of water—gclatin desscrt contains 20
times as much water as gelatin. Foam contains many times more gas than

L ]

Fig. 151, Diagram of an ultramicroscope. (Courtesy, Bausch and Lomb Optical Co.)
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the foaming agent. It has been discovered that many colloidal particles are
electrically charged. Perhaps the most important application of the elec-
trical charges on colloidal particles is the Cottrell process for the removal
of smoke from the gascs of factory stacks. Two highly charged electrodes
are placed in the chimney (Fig. 15 2) and as the smoke passes between

=

Fi. 152. The Cottrell process. The par-
ticles in the incoming gas arc attracted to
the electrode A and drop into the reservoir
B. (Courtesy, Gray, Sandifur, and Hanna:
“Fundamentals of Chemistry,” Boston, Hough-
ton Mifflin Co.)

the electrodes, the small particles are pulled from the flue and drop as
sediment. Not only does this process remove the nuisance of smoke, but
it makes possible the recovery of valuable materials such as metals and salts.
The electronic device known as the Precipitron makes usc of this principle.
This apparatus is in wide use as a method for the purification of air in
industrial plants.

SUSPENSIONS

The energy of motion exhibited by colloids, known as the Brownian
movement, is sufficicnt to overcome the force of gravity, with the result
that colloids do not scttle out on standing. Larger particles do scttle out.
If the state of division is small, matter in suspension may not settle out
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readily. In certain parts of the country, forest fires rage for days at a time.
The fine smoke particles travel hundreds of miles and cause brilliant sun-
sets. The dust storms in central United States and in China deposit sedi-
ment many hundreds of miles from the source of the dust. However, thesc
particles do finally settle out of the air.

Table 17

Solutions

Collonds

Suspensions

Atoms or small mole-
cules

Small aggregates of atoms and
molecules

Very large clusters of molecules

Invisible

Visible with ultramicroscope

Visible

Pass through filter
paper

Pass through filter paper

Will not pass through filter
paper

Do not scnlc out

Do not scttle out

Settle out
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QuEsTIoNs AND PROBLEMS

1. What is meant by a solution?
2. How docs a solution differ from a colloidal suspension?

w

in cream?

. Why is whipped cream a colloid rather than a solution or a suspension of air

. What cvidence is there that solution is a chemical process?

. What is: a solvent? a solute? a dispersion medium?

[
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. Can we dissolve a solid in a gas?

Can we dissolve a liquid in a gas?

. What is meant by osmosis?
. What are some examples of osmosis in nature?
. Can we sec a colloid? Explam.
- The biologist finds that blood corpuscles burst when placed in distilled water.

Can you explain?

. Why are salts used as laxatives?
. How do soapsuds differ from liquid soap?
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Torics For DiscussioN

Gas Masks Foamite Fire Extinguishers Dust Storms
The Brownian Motion Neo-silvol as an Antiseptic Deliquescence
EXPERIMENTS

2

w

. Prepare a supersaturated solution of sodium acetate by dissolving 275 Gm. of it in

100 cc. of water. Let it cool slowly. When it is cool, drop a crystal into the flask.
Watch the growth of crystals and notice the evolution of heat. (Owing to the
expense of chemicals, have one student perform this for the class.)

Dissolve 20 Gm. of salt and 2 Gm. of gelatin or albumin (5 cc. of cgg white will
do) in 100 cc. of water. Placc it in a thistle tube while you hold your finger against
the small end of the tube. T'e a picce of parchment paper or animal membrane over
the large end. Invert the tube and suspend it in a beaker of distilled water. Sce that
the level of the solution is even with the water in the beaker. Observe and explain
what happens in a few hours.

Perform thesc tests 25 to 48 hours after the experiment has started. Salt molecules
may be 1dentified by a white precipitate when silver nitrate (do not add nirric acid
this time) 1s added to a few cc. of water from the beaker. Were the salt molecules
small enough to pass through the membranc? Gelatin or albumin is identificd by
adding nitric acid to a few cc. of beaker water, on warming, a yellow color results,
which turns orange when ammonium hydroxide is added in excess. Were thesc
molecules small enough to pass through?

. Into 100 cc. of boiling water, pour 5 cc. of ferric chloride solution. Result?
. To prepare a gel, dissolve 5 Gm. of gelatin or 3 Gm. of agar in 100 cc. of boiling

water. Let 1t cool,

Make a collowdal flower garden. Dilute some concentrated sodium silicate (or use
undiluted water glass) with an equal volume of water in a beaker. Drop small
lumps or crystals of ferric chloride, copper sulfate, cobalt chloride, nickel nitrate,
manganese sulfate, chrome alum, and other very soluble colored salts into the
beaker. Let it stand for several hours, noting the results from time to time.

. Add 3 Gm. of hcorice powder to 50 cc. of 10 per cent sodium carbonate solution.

Pour this rapidly into a tall cylinder containing 50 cc. of 10 per cent aluminum
sulfate.
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He is like fuller’s sope.
—MavracHt

Dirt consists of carbon and other particles which have been rubbed
into the fiber of the cloth or have become fastened to the cloth by grease.
Small bits of food may also cling to the fibers. Paint, dyestuffs, colored
juices, and other materials may become attached to or absorbed by the
fibers, thus causing stains. The removal of dirt is comparatively simple.
Stain removal may become rather complex, depending upon whether stains
adhere to the fibers, are actually absorbed by them, or react with them.
The primary problem is to dissolve the dirt or stain if possible. Water
dissolves some substances readily, but will not dissolve others, such as
greasc. Carbon will not dissolve in anything. Though warm or hot water
will dissolve some substances which are insoluble in cold water, cold or
hot water alone will not cleanse well.

METtHODs OF CLEANSING

There are five general methods for cleansing:

1. Use of soap—dirt is emulsified and peptized.

2. Solution—dirt is dissolved in some liquid.

3. Absorption—dirt is absorbed by a solid, usually a powder.

4. Chemical change—dirt which is insoluble in ordinary solvents is
changed into a soluble substance, or is blecached by a chemical
reagent.

5. Abrasion—brushing and scouring are examples.

Usk or Soar. Dust and carbon particles are frequently held in textiles
by oil or grease. Soap removes the oil, setting free the dirt particles,
which may then be removed by rubbing or agitation. The cxact manner
in which soap acts is obscure. In some cases, soap reacts with water to
form a weak alkaline solution which removes dirt by emulsification. How-
ever, soap does not always form sufficient alkali for emulsification. Fre-
quently, too, grease is not present.

Emulsification. Emulsification means the surrounding of droplets of
fat or oil with a film of soap or some other substance. The film prevents
the droplets from running together again. For instance, when oil and water
are shaken together and allowed to stand, the oil droplets, which have
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been formed during the shaking, coalesce into a layer on top of the water.
When soap solution is added and the mixture is again shaken, the oil does
not form a layer but remains dispersed throughout the water.

Surface Tension. Soap lowers the surface tension of water, thus per-
mitting it to penetrate into tiny spaces that pure water will not wet. Sur-
face tension is caused by the surface molecules sticking together. Mer-
cury has a high surface tension; it forms into little globules when spilled on
a desk. The surface tension of water is not as great as mercury, so water
drops are flattened and may even spread out a little on the desk. Kerosenc
has a low surface tension and when dropped on wood or water spreads
out as a thin film, even penetrating spaces which are inaccessible to water
or mercury. This explains why kcrosene is used to loosen rusted bolts.

Peptization. Soap also peptizes or splits the dirt particles into picces
having colloidal dimensions. Colloidal dirt particles absorb the soap molec-
cules on their surfaces. The soap, being soluble in water, carries the dirt
away with it.

Sunmiary of Soap Cleansing. Cleansing by soap, therefore, is threefold
in its action: it emulsifics the oil; it permits the water to penetrate; and
it peptizes the dirt. In the absence of oil, the other two processes serve to
remove the dirt.

SOAP

Soap is a salt of sodium or potassium hydroxide and a fatty acid and
is one of the most important of the salts that have an alkaline reaction in
water. If, for example, olcic acid and sodium hydroxide are mixed, a soap
called sodium oleate is formed. Other fatty acids are stearic and palmitic.
In actual practice, the fatty acids are not used because of their cost. In-
stead, the fats glyceryl palmitate, glyceryl stcaratc, and glyceryl oleate
are used. The equation for the reaction is as follows:

Glyceryl palmitate plus sodium hydroxide yield soap plus glycerol.
C:H;(C,sH;,COO0), 4+ 3NaOH — 3Na(C,,H,,CO0) + C,H,;(0OH),

If potassium hydroxide is used instcad of sodium hydroxide, we have
liquid soap. Glycerol is the chemical name of glycerine and it is a very
valuable by-product of the soap industry. It is used in the manufacture of
nitroglycerine and in many other chemical processes.

A History or Soapr. Soap has been used for many centuries. Indeed, it
is mentioned in the Old Testament: “For though thou wash thee with
nitre and take thee much sope, yct thine iniquity is marked beforc me”
(Jer. 2:22). Just what this soap was is difficult to determine. It is prob-
able that it was made by mixing tallow of sheep and cattle with wood
ashes, which produced a type of soap mixed with residual fat and ashes.
It is not known that the Egyptians used soap, so the statement that “Cleo-
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I'ic. 153. The manufacture of soap. (Top) A soap kettle. (Center) The kettle room.
(Bottom) A river of soap. (Courtesy, Procter and Gamble.)
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patra’s beauty was preserved by palm and olive oils” is open to question.
It appears that the use of soap was unknown in the Middle Ages; hence
the references to the people of that time as the “Great Unwashed.”

In colonial times, women made soap from fat and wood ashes. After
about 1820, soap began to be a comumercial product and its quality has
been improved greatly during the past century. By the development of
the process of hydrogenation of liquid fats, oils such as fish oil and cot-
tonseed oil have become important constituents of soap.

V ARIETIES OF SoAP

Laundry soap is made from tallow, to which may be added rosin for
greater lathering or naphtha for greater solvent action. If free alkali is
present, it will cause the hands to become rough and tender and will
weaken textiles. The use of such soaps is not cconomical but they may
sell for a trifle less than neutral soap. Scouring soaps contain some abrasive,
such as marbledust, pumice, or sand. Toilet soaps are made from cocoanut
oil, palm oil, and olive oil. They should be neutral. Hardwater soaps con-
tain borax or sodium carbonate, since both of these chemicals soften water.
It is important to emphasize that no secret formula exists for any type of
soap. Fig. 153 illustrates the proccss of soap manufacture.

There are other detergents which, although they arc actually not
soap, are cqual to or even superior to real soap for some purposcs. The
best known of these detergents is a sulfate of lauryl alcohol which is sold
under various trade names. Technically most of these detergents are a
sodium salt of a fatty alcohol sulfate. Onc advantage of such materials is
that they can be used in hard water. They do not form precipitates as
does real soap. They are not as efficient as soap for badly soiled articles.
Soap is still best for most washing purposes.

The soap molecule, as is evident from the formula, consists of a ver
long chain of atoms. It appears that one end of the chain is soluble in water
whilc the other end is soluble in oils. Because of this property, the soap
acts as an cmulsifying agent to unite oil and water. Other examples of
emulsifications are wholc milk, in which the fat and water are held to-
gether with casein, and mayonnaise, where egg unites vincgar and salad
oil (Fig. 154).

Numerous chemicals have an alkaline reaction and a cleansing action
similar to soap. These include ammonia, lye, washing soda, sodium silicate,
and trisodium phosphate. The last three are occasionally added to soap
and are the principal constituents of most washing powders.

SOLUTION OF DIRT

Spots of car grease, butter, and other fats, which are not always cleaned
readily with hot soapsuds, may be dissolved by using typical fat solvents.
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In general, fats and oils may be removed by using ether, naphtha, gasoline,
carbon tetrachloride, or chloroform. Ether evaporates so rapidly that
dirt rings may remain on the textile. These rings may be avoided by gently
rubbing a clean, cther-soaked rag with a ;

circular motion from the outside of the spot
toward its center. It must be emphasized that
ether, gasoline, and benzine are inflammable
and mrust mot be used mear a flame. Carbon
tetrachloride and chloroform are not inflam-
mable and are safe to use. Carbon tetra-
chloride is commonly sold under the name
“Carbona.”

Most ink, fruit, coffee and other stains
can be removed by washing them promptly
before they have a chance to set. For in-
stance, ordinary fountain pen ink can be re-
moved while fresh by washing with plain
water. After it dries, insoluble iron com-
pounds are formed, which makes chemical
removal necessary.

CHEMICAL REMOVAL Fic. 154. Emulsions. In
left-hand jar, oil and water

Many stains are insoluble in all of the
common solvents. They must be bleached
or changed into soluble compounds. Great
care must be exercised in using any chemical
rcagent, as it may permanently injure the
fabric. It is advisable to try the reagent on
an inconspicuous part of the garment first to
see that it does not react with the fabric or
its color. It is also advisable to determine

have been shaken together.
The oil will soon separatc.
In right-hand jar some soap
has been added to the mixture
of oil and water. As a result
the emulsion becomes more
permanent. (Courtesy, Mc-
Pherson and Henderson:
“Chemistry for Today,” Bos-
ton, Ginn and Co.)

whether the textile is cotton, linen, wool, or silk. Acids attack cotton;
alkalies may injuire cotton and will dissolve wool and silk.

ABRASION

Except for removing dust and mud, we seldom brush or scour textiles.

Abrasion is used on wood and metals. Steel wool may be used on pans
and wood, but it scratches. Whiting and jeweler’s rouge are used on
gold, silver, and highly polished surfaces. A soft paste may be made by
mixing the whiting or rouge with either ammonia or alcohol.

DRY CLEANING

Dry cleaning processes make use of gasoline, benzine, carbon tetra-
chloride, naphtha or ethylene chloride. The last two are most common.
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These dissolve oils and grease, thus setting free the dirt particles, which
are then removed by mechanical agitation.

CLEANSING

STAIN REMOVAL TABLE

The followmg chart indicates the materials used for removing some
common stains. For detailed instruction as to the procedure to follow in
each case and for the removal of additional stains, the references may be

consulted. The Government Bulletin is particularly helpful.

Table 18
S1aiN ReEMovar.

Blood

Cold or lukewarm water; then sodium hypochlonte,
ammonia, or pcroxxde of hydrogen.

Chewing gum

Carbon tetrachlonde and watcr alternately, or cgg Whltt.
followed by water.

Frun, tea, coffee, grass

Watu', then soap and ammonia, for cotton. For white
wool, use water, then permanganate (sce note), then
peroxide. For colored wool, use water, then peroxide
or alcoholic soap solution.

Ink, 1ron rust, mildew

Lemon juice and steam, alternately; lemon juice, salt and
sun, or soap and water, or sour milk.

India Ink ('hloroform

;o:i_me : Akohol or hypo, or potassium mdxdc solution.
Pant B Et:cx_',_ or carbon tetrachloride, or turpentine.
Scorch. ) Peroxide (;cc_(_}ovcmment Bulletin).

-'I?u: - Benzine or cther.

Wax o

Alcohol, or press between blottcrq with hot 1ron.

Note. To make permanganate solution, dissolve onc teaspoonful of potassium permanga-

nate crystals in a pint of water. Apply a drop or two and allow 1t to remain for five minutes.
Remove the resulting brown stain from wool with hydrogen peroxide to which has been
added a few drops of some acid. From silk, cotton, or linen, remove the stain with saturated
oxalic acid or lemon juice. Rinsc well in every case.

REFERENCES

Beery: “Chemistry Applied to Home and Community,” Philadelphia, J. B. Lippin-
cott Co.

Hodgdon: “Elementary General Science,” New York, Hinds, I{ayden and Fldridge,
pp. 270-272. )

Rogers: “Manual of Industrial Chemistry,” New York, D. Van Nostrand Co.,
Chap. 33

Williams: “Introduction to Organic Chemistry,” New York, D. Van Nostrand Co.

Stain Remnoval, Farmer’s Bulletin No. 1474, US. Department of Agriculture.
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QUESTIONS AND PROBLEMS

1. How is soap made?
2. Fxplan the cleansing actions of soap.
3. State three general methods for stain removal.

Toprics FOR DiscussioNn

History of Soap Making Soap Powder  Borax Mining
How Your Grandmother Made Soap Detergents Modern Soap Production
FxPERIMENTS

1. Remove a grease spot by absorption.

2. Remove a grease spot with carbon tetrachloride.

3. Remove othcer typical stains, following the directions for each case as given in any
of the first three references cited.

4. Demonstrate surface tension. Bend one end of a clean wire into a ring with a
diameter of about 1 in. Tie a small loop of silk thread to the ring. Dip the ring into
a soap solution to which has been added a little glycerine. Hold the resulting film
up to the light and notice the motion of the liquid particles. Touch the mside of
the loop with a hot wire. The loop assumes a circular shape, which shows that
there is equal surface tension on all sides.

5. To .1dentify free alkali in soap, dissolve it in absolute alcohol. Add alcoholic
phenolphthalein. A red color indicates free alkali.
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Silk, muslin, and lace, crepe, velvet, and satin,
Brocade, and broadcloth, and other material,
Quite as expensive and much more ethereal;
—BurLrr

MoberN TEXTILES

A textile fiber is any fine filament which can be spun and woven into
cloth. A textile is a term which includes a wide variety of materials such
as cotton, wool, silk, nylon, linen, and cellulose acctate. There are, of
coursc, many kinds of hair fibers or wools. Therc arc many kinds of
plant fibers, such as hemp, jute, and ramie. Just recently a new set of
synthetic textiles have become commercially important. These contain
no ccllulose.

Textile fibers are nearly as old as man. Before the discovery of flax
fiber, the first clothcs probably consisted of leaves and twigs. Probably
the flax fiber is the oldest of our useful textiles. Linen was used in Fgypt
as far back as 6000 B.C. The Bible contains frequent rcferences to linen.
Joseph was “arrayed in vestures of fine linen.” It is of interest that the linen
of ancient Egypt was as well made as our modern linen. It is known that
the cultivation of silk was carried on at very early times. We have rccords
of its use in China in 2700 B.C.

TEXTILE FIBERS

Textile fibers may be considered under two headings, natural textile
fibers and man-made fibers. These can be further divided into single-celled
seed hairs such as cotton, many-cclled structures such as wool, groups of
clongated cclls such as flax, and the continuous filaments of the synthetic
fibers.

Silks

The production of silk was a monopoly of China in ancient times.
Not until the Middle Ages was some silk produced in Europe. Many
stories have been written of the bribery, murder, and intriguc carried on
by Persia and other nations who resented sending caravans of gold to
China in exchange for silk, which sold for its weight in gold. Silk produc-
tion was started in America in colonial times with poor success. At pres-
ent, some progress is being made in California, where the season permits a
good growth of the silkworm food, the mulberry leaf.

272
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Fic. 155. Cocoon thread, mulberry silk. X 500. (Courtesy, Howard A. Walter, Phila-
delphia Textile School.)

Silk is a fiber produced by a certain species of caterpillar as it spins its
cocoon. Two tiny fibers encased in a gummy sheath are exuded in a con-
tinuous filament several hundred feet in length. In processing, these
cocoons are softened, the filaments unwound, and several filaments twisted
together to form a thread.

Silk from the mulberry-fed worms is light in color and of fine quality.
So called wild or Tussah silk is tan colored and coarse. The primary uses
of Tussah silk are in the manufacture of plush, damask, rugs, carpets, and
embroidery silks.

Degummed silk fibers are smooth, translucent tubes which reflect
light so as to produce a high luster (Fig. 155). Silk is a strong textile fiber,
a poor conductor of heat, and, in the raw state, absorbs water readily.
Because of this hydroscopic property, it is desirable to wash silk in very
soft water in order that the impurities may not be absorbed in the textile.

Silks are worn because of their beauty and light weight. They can be
bleached very white. In order that silk may be firm and have better drap-
ing qualities it is rather customary to “weight” the fabric by adding salts
of tin or aluminum which are readily absorbed by the fabric.

Although in past years silk was regarded as the most beautiful of all
textile fibers, the introduction of nylon and other synthetic fibers has
lessened the demand for silk at the present time. Silk stockings, once
highly prized, are not in demand, since nylon ones have better qualities.

Linen

The linen fiber comes from the portion of the flax plant which lies
between the outer bark and the woody center. It is a sort of inner bark.

=
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Fic. 156. Linen. X 500. (Courtesy, Howard A. Walter, Philadelphia Textile School.)
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This bark consists of short, cylindrical, tubular threads placed end to end.
Under the microscope, linen fibers resemble corn stalks or bamboo (Fig.
156). It is cellulose; hence, it consists of carbon, hydrogen, and oxygen.
Linen fibers are stronger than cotton ones, but weaker than silk. Linen is
permeable to air, which makes it comfortable for summer wear. Linen
contains little or no lint which, along with the ease of wetting, makes it
ideal for bandages and towels.

The flax plant is grown principally in Russia, Holland, and France,
although the United States and Egypt have grown a good deal in recent
years. It is of interest to note that flax will grow almost anywhere in the
world as long as the soil is a sandy loam. In addition to the use of flax
fibers in the manufacture of linen, the seeds are valuable as the source of
linseed oil for the paint industry.

Closely allied to the flax fibers are the fibers of jute, used in bagging
and upholstering; the hemp fiber, from which rope and cordage are pro-

duced; and ramie, which is used in the manufacture of many handwoven
fabrics.

Cotton

A very important commercial textile fiber in the United States is cot-
ton. A cotton fiber consists of a hollow tube of ccllulose which is slightly
flattened and twisted (Fig. 157). The fiber is almost pure cellulosc (about
95 per cent). Although most cultivated cotton plants grow to a height
of about 5 ft,, there are trees which producc cotton fiber. Herodotus
wrote: “there are trees which grow wild, the fruit of which is a wool.”
Marco Polo wrote that India produced the finest cotton that he had ever
seen.

Although the cotton fiber is one of the weakest, the fibers can be
woven very closely, which is one reason for its value as a textile. The
value of a piece of cloth depends on the length of the individual fibers,
which range from 3 to 1% in., the number of fibers twisted together,
and the number of threads woven in each direction per square inch. Since
cotton cloth offers little dead air space, it is not as comfortable for winter
wear as wool. Fluffy, woolen-looking blankets are now being made of
cotton but are inferior to wool both as to warmth and laundering qualities.

i
Fi6.157. Cotton. X 500. (Courtesy, Howard A. Walter, Philadelphia Textile School.)
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A cotron fiber is a hair attached to the seed of the cotton plant. The
cotton plant requires a long growing season and abundant rainfall so
that it can be grown only in tropical or semitropical areas of the world.
The invention of the cotton gin by Eli Whitney in 1794 stimulated the
production of cotton by making the removal of the fibers from the seed
an easy mechanical process. Later came the spinning jenny, which made
cotton cloth cheap enough that people in all parts of the world could use
1t.

The finest cotton fibers are the strong variety known as Sea Island
cotton. They vary in length from 1 to 2% in. The usual varieties of cot-
ton fibers have a average length of less than 1 in.

For years, the seeds were a nuisance, but at present cottonseed oil is
extracted from them. Hydrogen gas under great pressure and at a high
temperaturc is mixed with the oil in the presence of nickel dust. The re-
sult is the hydrogenated cooking fats. The nickel dust is used as a catalyst
and is removed from the fat.

Wool

The hair-like covering of the sheep gives us one of the most valuable
of all textile fibers. Under the term wool, we may also include the hair
of Angora and Cashmere goats, the alpaca, and the llama.

Wool is a protein containing carbon, hydrogen, oxygen, nitrogen,
and sulfur. (Silk is similar chemically except that it contains no sulfur.)
The finest wool comes from the breed of sheep known as the Merino. The
wool fiber is covered with a tiny scale-like sheath which produces a rough
appearance and a dull luster (Fig. 158). It is the weakest of all common
fibers. The scales make it difficult to weave closely so that the finished
cloth is apt to be coarser than cotton and silk. Wool is a rather poor con-
ductor of heat and many persons attribute the warmth of woolen gar-
ments to this fact. Actually, the main reason for the heat insulating prop-
erty is that the type of weave encloses a large amount of air and the quiet
air layer gives heat insulating properties. Moreover, a heavy wool worsted
is separated from the skin by many tiny fibers while a clear finish wool
for summer use lies close to the skin. The thicker air layer in the first case
gives the sensation of warmth. Because it retains moisture longer than

Fic. 158. Wool. X 500. (Courtesy, Howard A. Walter, Philadelphia Textile School.)
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other textiles, it is suitable for bathing suits and other uses where rapid
evaporation of moisture might chill the body.

Fur

This fabric is included in this chapter since the composition and use
is similar to that of textile fibers. Fur resembles wool in that both are the
hairy coverings of animals. In general, fur has the same characteristics as

S —
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Fic. 159. The microscopic appearance of the hairs of certain animals. 1, chinchilla
rabbit; 2, white rabbit; 3, guinea pig; 4, gray s uirrel; 5, Persian cat; 6, Persian
cat; 7, dog; 8, dog; 9, natural sable; 10, Russian sable; 11, Alaska fur seal; 12, aye-aye.
(Courtesy, Smith and Glaister: “Recent Advances in Forensic Medicine,” Philadelphia,
The Blakiston Company.)
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wool except that more dead air space is available, making fur the best non-
conductor of hcat and the warmest wearing apparel. All furs are about
cqually cfficient in retaining body heat. Their relative costs are dependent
on durability, beauty, and rarity. The hair of each animal is more or less
characteristic of that animal. A microscopic cxamination of the hair will
reveal its identity. Fur gives the same chemical tests as wool. It should be
kept rather cool to retain its beauty (Fig. 159).

Synthetic Cellulose Fabrics

CrLrLurose. Many of our materials for home and industry result from
man’s utilization of cellulose, one of the most mysterious substances in
nature. Cellulose is present in all vegetable matter, cotton fibers being
ncarly pure cellulose. Cellulose is composed of 44.4 per cent carbon,
6.2 per cent hydrogen, and 49.4 per cent oxygen. This indicates that the
formula is pcrhaps (C.,HwO ) , the x indicating that the size of the mole-
cule is unknown. The large cellulose molecules are bound together with
a cementing substance to form the framework of all plant structures. We
find ccllulose in such varied substances as wood, cotton, linen, and celery.
Man is unable to digest ccllulose, but cattle and other herbivores can
utilize.it. Cellulose makes possible the substance paper, which has helped
to devclop modern civilization. Rayon, cecllulose acetate, Duco, col-
lodion, gun cotton, ccllophane, and photographic film, to name only a
few, are produced from cellulosc.

Most cellulosc is produced from spruce wood. Logs arc chipped with
knives in huge revolving drums. The small picces of wood arc heated with
sodium hydroxide, with cellulose as the final product. For a description of
other methods for the production of cellulose, the references should be
consulted.

Rayon. The word rayon is the generic term for textile fibers produced
Lhemlcally from cellulose or thosc fibers having a cellulose base. All

varicties of rayon, including such trade names as Bemberg, Viscose, and
Cclancse, are produccd by some chemical trecatment of cellulosc fibers.
In the production of wiscose, the cellulose is treated with carbon disulfide
to produce ccllulose xanthate. By treatment of this material with caustic
soda solution, a viscous liquid is formed; hence the name wviscose. The last
step consists in forcing the liquid through a perforated cup into a coagu-
latmg fluid. The result is a cluster of rayon filaments (Fig. 160). Viscosc
is purc cellulose but it has a different type of crystallization. Ordinary
viscose is much weaker when wet than when drv The threads have a
luster equal to silk and viscose fabric can replace silk in many cases. When
viscose is extruded in sheets, it is called cellophane.

Bemberg is a rayon made by the cuprammonium process, in which
copper sulfate and ammonium hydroxide solutions arc used.
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Celanese and Acele are cellulose acetate rayons, rather than pure cellu-
lose ones. In their manufacture, cellulose is treated with glacial acetic acid
and acetic anhydride in the presence of sulfuric acid. As the result of a
series of washings under controlled conditions, there is produced a viscous
cellulose acetate. By adding acetone and pumping the solution through
tiny holes into warm air, acetate rayon is produced. This process has the
difficulty that time, temperature, and other factors influence fiber pro-
duction. This rayon is perhaps the most important of all the cellulose fab-
rics. It is used in draperies, upholstery, and as dress material.

Another important use of cellulose acctate is in the manufacture of
safety motion picture film. Inasmuch as the ordinary film is a cellulose
nitrate which burns easily and must be carefully guarded, the cellulose

Fie. 160. Making rayon threads. Pure cellulose cnters
through A4 and is forced through tiny holes in the nozzle
B into the acid hardening bath. The thread is wound on
the recel C. (Courtesy, McPherson and Henderson:
“Chemistry for Today,” Boston, Ginn and Co.)

acetate, being slow burning, can be used in locations where the nitrate
might be dangerous.

Synthetic Textiles Containing No Cellulose

A large array of synthetic fibers has been produced in the chemical
laboratory in the last two decades. Some familiar examples are nylon,
casein fibers, and soybean fibers.

Nyron. The first all-chemical synthetic fiber was produced by the
DuPont Corporation in 1938. This textile is popularly said to be derived
from “coal, air, and water.” Actually, there is a basis of truth in this state-
ment, since one of the constituents is adipic acid, a coal tar derivative, and
the other component, hexamethylene diamine, needs ammonia for its
production. (The word nylon has no especial meaning. It is simply a
coined word.)
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Nylon fibers, when viewed by a microscope, are uniform, smooth,
and have a light luster. They resemble glass fibers in appearance and are
stronger than any other synthetic or natural fiber. One great advantage
of nylon fibers over any other textile fiber is that they absorb very little
water. Consequently, the wet strength is ncarly as great as the strength
when dry. Nylon fabric is not attacked by many chemicals. It is disinte-
grated by nitric acid and phenol. Since nylon is much more resistant to
wear than silk, it is replacing all other fabrics for hosiery.

CaskIN Fisers. The use of milk casein in the textile industry indicates
the wide range of materials which the chemist makes available. By a
rather complicated chemical process, casein is changed into a viscous mass
which can be made into textile fibers. It is used in many types of garments.

FIBER IDENTIFICATION TESTS

It is frequently desirable to distinguish between various types of
fibers so as to detcct adulteration or misbranding. Therc are three types
of identification in common usc. One or all may be necessary for com-
plete identification. They are: (a) physical tests, including strength and
luster; (b) microscopic examination; (c) chemical tests.

The chemical tests can be divided into three types: burning test, color
test, and solublllty test. In a text of this character, only a few simple
tests can be given. The reader is referred to the references for further
details.

The cxperiments at the end of the chapter form a preliminary set
which can be performed in any laboratory.

Prastics

Plastics are those solid materials which, during manufacture, are in
such a condition that they can be moulded into shape by heat, or pres-
sure, or both. During the Second World War, shortages in many ficlds
led to the dcvelopment of many new materials which are classed as
plastics. Plastics are not cheap and the idcal plastic has probably not been
yct made. They cannot compete with metals in hardness, ductility, and
tensile strength. Nevertheless, they play a very important role in modern
industrial life. Because of the immense number of such materials, we shall
describe only a fcw of the most important and refer the reader to the
references. It will be helpful to list the eight most important plastics and
to discuss cach briefly.

1. phenol formaldehydes 5. nylon

2. cellulose acetates 6. melamines

3. urea formaldehydes 7. polystyrenes

4. methyl methacrylates 8. vinyl copolymers
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PHENOIL, PLASTICS

The oldest plastic group, and one which is still of great importance
is the phenol formaldchyde class (phenolic plastics). The best-known
member of the group is Bakelite.

In 1909, the chemist Baekeland announced the discovery of a new
plastic material which he made by heating phenol (carbolic acid) and
formaldehydc in the presence of a catalyst (hydrochloric acid). When
heated under pressurc for several hours, a hard, insoluble, infusible, and
very strong product results. It is light in weight and is made into pipcs,
beads, umbreclla handles, and radio panels, as well as a host of other ar-
ticles. Its limitation is that it cannot be made into many colors. It is still
one of the most important plastics.

A similar type of plastic is the urea formaldebyde group (Plaskon).
Since this material can be produced in color, many counter tops and clec-
trical fixtures arc madc of the plastic. Many of these materials are trans-
lucent, being used for lamp shades.

Cellulose acetate, in addition to being one of the most valuable textile
fabrics, can be produced also as a plastic. It is one of the most versatile
of all prewar plastics. Some uses arc door handles, costume jeweclry, -auto-
mobile trim, and photographic film.

METHYI. METHACRYLATES (A(JRYLIC RESINS)

These plastics have remarkable optical properties. The index of re-
fraction (1.49) is about that of optical crown glass so that they are formed
into spectacle lenses, dentures, and airplanc windows. They arc not as
brittle as glass. Some trade names are Lucite and Plexiglas.

NYLON

Few persons think of nylon as a plastic, and it was not used as such
until the last few yecars. It is a thermoplastic, meaning that it softens under
heat. As a plastic it has great strength, is almost fircproof, is resistant to
most chemicals, and can be machined easily. The applications of nylon
as a plastic are legion. We will mention only a few: window screens, tire
cords, tubing, wire insulation, paint brushes, and dishes. It is cstimated
that the world will use many million pounds of nylon in the immediate
future, both as a fabric and as a plastic.

MELAMINE PLASTICS

These are some of the new plastics which are excellent insulators and
are very hard. They can be used for table tops and in clectrical circuit
breakers. Another interesting usec is in the production of tablewarc such
as dishes. The method of production is the treatment of calcium carbide
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with nitrogen to produce the chemical, #zelamine. This is caused to react
with formaldehyde. ‘T'wo trade names are Mclmac and Resiniene.

POLYSTYRENE PLASTICS (S1YRENE RESINS)

These plastics have excellent water resistance and superior clectrical
properties, especially in the high frequency field. They are used as insu-
lators in coaxial cables. They are able to replace fused quartz for many
purposcs. Some types are highly transparent and can be used in optical
devices.

VINYL RESINS

These plastic matcrials have cxccllent adhesive properties, which
makes them an exccllent binder for automobile safety glass. They are
used as dentures, flashlight lenses, music records (mehtc), pol\cr thpS,
slide rules, Scotch Tape, and Plastic Wood. The houscwife is familiar
with this plastic under the trade name Koroseal.
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Quesi1oNs AND PROBLEAS
. What is a plastic?
. How is nylon produced?
. Name four plastics.
. How could you determine if a wool garment contains some cotton?
. What is: celloph:mc’ Lucite? Koroscal?
. Name three synthetic fibers. How do they differ in property?
. Why 15 a woolen garment usually warmer than a cotton onc of the same type?
. Why is linen a desirable fiber?
. Give two reasons why nylon is rapidly replacing silk.
. Why is wool worn in cold weather?
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EXPERIMENTS

1. Examine pieces of unknown textiles, using the tests given in the chart. Make a
written report, pasting to it a piece of your unknown material with one corner
burned. All cloth should be boiled in water to remove sizing and should be dried
before using.

FIBER TEST CHART

Reagent <c,4if:iﬁred) ('I:lsl;{\‘th) Cotton | Linen | Wool kﬁf;;ff Nylon ;f;j:f
Acctone .
HCI conc. x N I
HN-E)—; conc. | Yellow _ Ycllow Ycllov; x 1 X
Phenol 90% ) T T —"; . B
5% NaOH x — x slowly - x_ Saponifics
H.SO, conc. X x x X - x I N
Mlllon's B e T

Recagent Red Red Red

x indicates fiber is soluble.

Note. To prepare Millon’s reagent, dissolve 15 Gm. of mercury n 30 cc. concentrated
mitric acid. When completely dissolved, add 70 cc. of water. This matertal 1s porsonous and
corrosive. Use great carc.

BURNING AND MICROSCOPE TESTS

. . Viscose Acetate
Cotton Linen Waol Silk Rayon Nylon Rayon
Does it burn

readily? | Yes Yes Crinkles | Crinkles | Yes No Yes
Odor? Burning | Paper Hair Hair Paper | Boiling String | Acetic
Paper Beans Acd
Diagram of | Twistcd | Bamboo- | Scales | Smooth | Smooth | Lustrous Like | Smooth
Fiber Iike Tube Tube Glass Tube




21. ENERGY APPLIED TO MACHINES

One machine can do the work of fifty ordinary men. No machine can do
the work of oue extraordinary man.
—Evsert Hussarp

We have 'llready (sce p. 192) made usc of the term emergy in con-
nection with the various radiations by atoms. Energy is always associated
with material objccts, yet it scems to be unlike them. Absence of cnergy
from objects makes them lifeless, cold, and dead. In the present chapter,
we shall describe some forms of energy and their applications to machines.
In other chapters, various manifestations of cnergy are discussed.

Energy exists in many forms, all of which can be considered as be-
longing to two fundamental types, potential energy (encrgy of state or
position) and kinetic energy (energy of motion). We wind a clock spring
and the clock acquires potential energy, which is released in the form of
kinetic cnergy as the clock keeps time. In operating an automobile, we
usc g'lsolmc produced by the cnergy of the sun in the past ages. The
liquid conrains potcntlal cnergy. When it is passed into the carburetor and
cxploded in the running motor, kinetic energy is produced. A storage
battery has potential cnergy which is changed into kinctic cncrgy of
ClC(.tl‘lthV when the battery is in usc. Energy is stored in the water in
dams. It exists in a chemical form in such materials as sulfuric acid. Our
energy sources are chiefly coal, oil, gas, wind, and water.

If a bascball is thrown into the air, the ball starts upward with kinetic
energy, because of the work done on it by the thrower. The ball rises with
decreasing kinetic energy and gains potential energy as it moves until, at
the top of its path, all kinetic cnergy has become potential energy. The
ball falls and the potential energy decreases until at the ground the energy
is again in the kinetic form.

When food containing potential energy is taken into the body, a
chemical change results, which enables the body to perform tasks. One of
the tasks is that of the heart doing work in pumping blood to all parts of
the body. Another task is breathing.

We suimmarize these effects by saying that the bodies have a form of
energy, mcaning that they bave the capacity of doing work on either
themiselves or other bodies.

It is evident that the constitution of energy has not been explained. We
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can describe only its effects. It will be further noted that in each of the
cases cited, work has been done by some animatc or inanimate agency.
Energy can be considercd as the cause of work or as the result of work
done.

Onc ft. Ib. of work is done when 1 Ib. of weight is lifted vertically to a height of
1ft.

In the metric system, one of the units of work is the erg. This is the work done
when 1 dyne of force acts through a distance of 1 cm. A more common unit js the
joule—10,000,000 ergs.

An example of this is the baseball. The thrower does work on the ball,
producing encrgy. When the ball returns to the thrower, it does work
on the hand when it is caught.

The potential encrgy of a bascball is measured by the product of the
weight and height. A % 1b. baseball at a height of 30 ft. is said to possess
10 ft. Ib. of potential cnergy. ‘The kinctic encrgy of a moving automobile
can be calculated by the relation Ke = %, AMV* where Al is the mass of
the car and V is the speed. For cxample, a 3,000 lb. car moving at 60 mi.
per hr. (88 ft. per sec.) has a kinetic energy of 11,616,000 ft. poundals or
363,000 ft. Ib. (32.2 ft. poundals cqual 1 ft. Ib.). Because the encrgy de-
pends upon the square of the speed, a car moving at the rate of 60 nu. per
hr. has four times the energy of the same machine moving at 30 mi. per
hr. This accounts for the great damage done in the event of collision at
high speeds. The damage done depends not on the momentum, as is often
statcd, but on the kinctic energy.

ConSERVATION oF ENERGY

One of the great principles of science is that of Conservation of En-
ergy. This principle statcs that the total amount of cnergy in the uni-
verse is constant. (This does not mean that the amount of cnergy re-
mains constant on the earth.) We may change encrgy from one form to
another, e.g., chemical to electrical, but according to this principle we
can never create it or destroy it. On the carth, we arc constantly giving
out energy in the form of light and heat to other parts of the universe, so
that the earth actually loses a part of its store. Most of our encrgy came
to the earth from the sun in past ages. We are using our supply very
rapidly. In every opcration of machincry, some cnergy is lost as a result
of frictional forces. This is wasted in the form of useless heat.

It may be that we gain from the sun as much as we lose, but it is diffi-
cult to prove this statement. Most scientists belicve that the carth is actu-
ally losing more cnergy than it gains, although the amount in the universe
is constant. Some sourccs of energy on the earth are our supplics of coal
and other fuels, our water moving in rivers, and the sun’s rays (Fig. 161).
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Fie. 161 Stored sunshine. (Courtesy, Wendt and Smith: “Matter and Energy,” Phila-
delphia, The Blakiston Company.)

It may be that, under certain conditions such as the high tempera-
ture of the sun, the principle of conservation of energy may need modifi-
cation. It was stated in Chapter 1 that the temperature of the sun is main-
tained possibly by the creation of energy from matter.

Table 19
EnercYy VALUES

Potential cnergy of an alarm clock spring . . 5 f. Ib.
Potential cnergy of a pound of coal . .. 1,600,000 ft. b,
Potential cnergy of a pound of steam . 160,000 ft. Ib.
Kinetic encrgy of a baseball moving at a speed of 45 ft.

per sec. e 23 fr. Ib.

ENErGY TRANSFORMATIONS

Some very interesting experiments can be performed to illustrate the
transformations of energy from one form to another. The Knipp singing
tubes illustrate heat energy being changed into sound energy. The thermo-
couple (see p. 305) is an example of the change of heat energy into the
electrical form. Many chemical reactions, such as thermit, illustrate the
relations between chemical energy, heat, and light. The magneto (Fig.
162) produces electrical energy which lights a lamp. This is an example
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of the change of mechanical energy into electrical energy. A swinging
pendulum illustrates encrgy changing from the potential to the kinctic
form. The radio loudspeaker is an example of clectrical encrgy being
changed into sound energy.

VELOCITY AND ACCELERATION

This is an age of speed. We travel in an automobile at 60 miles per hour,
in trains at 100 miles an hour. Our airplanes sometimes attain the speed of
more than 700 miles an hour, which means that we cross the continent in

GCENTRAL

Fic. 162. The magncro. (Courtesy, Central Scicentific
Company.)
a few hours. In an x-ray tube, electrons sometimes have a speed of over
150,000 miles per second.

During the World War of 1914-18, shells from the guns called “Big
Berthas” reached the amazing speed of 1 mile per second. For several
wecks, the Germans shelled Paris from a distance of 75 miles. In order to
accomplish this feat, the shells were fired into the atmosphere at an angle
of 50° and with such speed that they rose to the then unbelievable height
of about 30 miles, the greatest height that any object had ascended into
the stratosphere up to that time. The rockets fired by the Germans in 1944
traveled at a speed greater than that of sound waves and rose to a height
of about 60 miles.

Speed is the rate at which we move, while velocity is speed in a definite
direction. If we are driving along a straight road at 30 mi. per hr. and we
turn a corner with the speedometer still reading 30, we have changed the
velocity but not the speed. We all know that changing the direction some-
times causes skidding. The change of velocity when the car is turning the
corner brings into action the inertia of the car, which tends to prevent
the turn.

We wish our automobile to have plenty of “pickup” from a stop and
to get away in traffic. By these expressions we mean that, when we push
on the accelerator, we wish a quick increase in velocity. This increase in
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velocity is called acceleration. Acceleration is velocity divided by time.
We are constantly accelerating or decelerating our cars. We injure our-
selves when we fall from a ladder because our rate of fall increases rapidly
and we strike the ground with great force. The force of gravity accele-
rates the motion of all falling objccts. Galileo, by his famous “Leaning
Tower of Pisa” experiment, proved that all falling bodics have the same
acceleration if we neglect air resistance. This means that, in a vacuum, a
feather and a brick fall with the same rapidity.

Sir Isaac Newton cxpressed these ideas in the famous Laws of Motion.
The first law states that a body at rest tends to remain at rest and a body in
motion remains in uniform motion in a straight line unless acted upon by
an external force.

The second law states that change of motion of a body is propor-
tional to the applied force and the change of motion takes place in the
direction of the force.

The third law states that action and reaction are always equal, and
opposite in direction. This last law means that whenever one body exerts
a force on a second body, the second body exerts an cqual opposing force
on the first body. If a man pushes on a wall with a force of 50 Ib., the wall
reacts with a force of 50 lb. on the man. These famous laws of motion and
the law of gravitation were formulated by Ncwton as a result of his own
studics as well as those of Kepler and Galileo. They stand as great mile-
posts along the road of scientific progress.

Force

When onc opens a door, lifts a book, claps his hands, utters a word,
or stecrs an automobile, he is cxerting force. Anything which performs
what muscle can accomplish exerts a force. A force may be regarded as a
push or a pull. A force tends to produce a change in the motion of a body.

Onc unit of force is the pound. It is the force required to lift 1 1b. of mass. One
Ib. of force is equivalent to 32.16 poundals. The dyne is the force required to give
1 Gm. of mass the acceleration of 1 cm. per scc. per sec.

GRAVITAI'TON

One of the outstanding forces in nature is called gravitation. There
is cxerted everywhere in the universe a force which acts upon every
matcrial object. This force has the effect of giving weight to all objccts
on the carth. A man who weighs 160 Ib. on the earth is pulled to the carth
with a force of 160 lb. If he is in an airplane 5 mi. above the earth, he
weighs slightly lcss than 160 Ib. We assume that on the moon the same
man would weigh % as much as on the earth. The value of this force is
cxpressed by the law: The force of gravitation between two bodies de-
pends directly upon the product of the muasses and inversely upon the
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square of the distance betrween their cemters. We may write it as an
equation:
Force =G X -44—1—5—2143

In this equation, the force is expressed in dynes; G is a universal con-
stant; M, is the mass of one body and M. is the mass of the other in grams;
D is the distance between their centers in centimeters.

Calculations with this formula lead to some curious results in the stellar
universe. A companion star of Sirius in the constcllation Canis Major seems
to be so dense that a piece of the star the size of a brick would weigh
140,000 Ib. The weight of the imaginary man in the moon compared to his
weight on the earth can be calculated as follows: the radius of the moon
is ¥, the radius of the earth; the mass of the moon is %, of the mass of
the earth (these are approximate numbers). We can now write a
proportion:

160 90X 1
Weight on moon ~ 1 X 16

Thus, his weight on the moon would be about 28 Ib.

The mass of the carth has been determined by several cxperimenters.
Onc of the methods was that used by the scientist Jolly. Using a beam
balance, Jolly measured the attracting force between a large mass of lead
and a mass of mercury (Fig. 163). By this means, he determined the gravi-
tational constant G. Since he knew the weights of the mctals (the attrac-
tive force of the earth), he could, by using Newton’s L.aw of Gravitation,
casily determine the mass of the carth. The result was 6.7 X 10°* tons!

The pound is defined as the pull of the earth on a block of platinum
kept at London. Since this pull varies as we move about over the earth’s
surface, it is necessary to state at what point we measure the weight. How-
ever, since the difference is small, for ordinary purposes we shall consider
the weight of the body to be the samc everywhere on the carth.

Another intercsting “force” is the so-called “centrifugal force.” We
have the centrifugal pump, the vacuum cleaner, the centrifugal clothes
dryer, the loop-the-loop, and the merry-go-round. When the automobile
rounds the curve, we lean inward; a skater lcans when turning a curve.
Skidding of the wheels of an automobile is due to “centrifugal force.”
Each of these effects illustrates the tendency of a body to continue in a
straight line (the law of inertia). In the dryer, the water lcaves the clothes
whenever the centripetal force (force toward the center) is insufficient
to keep the drops moving in a circle. A skidding car is simply tending to
travel in a straight line. By banking the curve, we can overcome this
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Fic. 163. (Left) Jolly’s method of determining the gravitation constant G. L is

a mass of lead and S a dish of mercury. (Courtesy, “Foley’s College Physics,” Phila-
delphia, The Blakiston Company.)

16. 164. (Right) A banked curve. (Courtesy, Central Scientific Co.)

tendency (Fig. 164). At the Indianapolis automobile speedway, some of
the curves have a bank of 18°.

Theory of Gravitation

The law of gravitation was first stated by Newton. Since that time,
many scientists have tried to offer some cxplanation of the mysterious
force which controls all bodies in the universe. We belicve that the stars
themselves are held in place by the attractions of neighboring stars. Up
until the time of Einstein, there had been no satisfactory explanation of this
curious force, which increases as the masses of the bodies increase. It
probably has some intimate connection with the structure of the universe.

Einstein, as a consequence of his Theory of Relativity, proposed the
following revolutionary explanation. Gravitation and accelerated motion
are equivalent; they cannot be distinguished from each other. In order
to make this statement intelligible, we shall use the following example. Let
us imagine ourselves in a closed elevator being hoisted upward with an ac-
celeration of 32 ft. per sec. per sec. If an apple is released in the elevator,
we will rise to meet it, even if there is no pull of gravity. Since we cannot
see out of the elevator and we are not aware of our motion, we will say
that the apple is falling with the acceleration of the gravity, 32 ft. per sec.
per sec. In other words, we cannot distinguish the apple falling with the
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acceleration of gravity from an upward acceleration of the elevator and
the apple at rest.
CONCURRENT FORCES

If two forces are acting on a body, the direction of the two effects,
either push or pull, must be considered. If a boy grasps a bar with both
hands and “chins” himself (Fig. 165), the pull that each arm must exert
depends on the angle between the arms. If the arms are parallel and vert-
cal, each arm supports half of the boy’s weight. If the arms make an
angle with each other, the pull in each arm is greater than before, since
the arms are to some extent pulling on cach other. If the arms arc at right
angles to cach other, the pull in each arm, for a boy weighing 100 Ib., is
about 71 lb. (50 4/2).

Similarly, if two men are each pulling with a force of 75 Ib. on a box,
and if they exert their forces in the same direction, their total pull is
150 Ib. If, however, they pull at right angles to each other, each man must
pull more than 75 Ib. to produce the same effective force.

If two forces act in exactly the same direction, we add these forces
directly to determine the total force. If the two forces are not in the same
direction, the forces must be added by the vector method.

A vector is any quantity which has magnitude as well as direction. Thus, velocity,
acceleration, and force are said to be vectors. Speed and mass arc not vectors.

In the solution of this vector problem, cach 75 Ib. force is represented
by a linc drawn from the point of application of the force, in this case the
box, in the direction of the line of action of the force. The forces are laid
off to some arbitrarily chosen scale and a parallelogram is constructed on
the two lines. The diagonal of the parallclogram drawn from the point of
application represents both the direction and size of the single force which
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Fi16. 165. Sketch illustrating the forces exerted by the arms at different angles to the
vertical. (Courtesy, Millikan, Gale, and Edwards: “A First Course in Physics for Col-
leges,” Boston, Ginn and Co.)

Fic. 166. Composition of vectors.
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would have the same effect as the two original forces. Figure 166 shows
the vector solution of the two forces. The value is 75 4 /2.

Another application of such forces is the airplane. Because of the rapid
rotation of the propeller, there is a stream of air pushing against the
wings. Part of this air force produces the “lift” of the plane. The forward
force exerted by the propeller combined with this lift force counter-
balances the weight of the plane (Fig. 167). The kite is a similar example.

If an airplane wing with the lower surface horizontal is moving through the air,
the pressure on the upper surface is slightly less than that on the lower surface, due
to the fact that the air speed is greater near the top than ncar the bottom. The shape
of the wing causcs this cffect. For example, if the pressure underncath the wing is
14.7 b, per sq. in. and the pressure above 1s 14.6 Ib. per sq. in., there is a difference
of 0.1 Ib. per sq. in. This pressure multiplicd by the surface area of the wing produces

the Lfting force. The same effect is used in the curving of baseballs and the opera-
tion of a gas burner.

The child on a swing furnishes another interesting cxample of the
action of concurrent forces. The weight of the child W is balanced by the
combination of the force T exerted by the swing rope and the push P of
the person holding the swing aside (Fig. 168).

Every housewife has noticed that a loaded clothesline, if stretched too

FORWARD FORCE
EXERTED BY PROPELLER

WEIGHT OF PLANE
'4

v
Fic. 167. (Left) Forces on an airplane. (Courtesy, Ieil: “The Physical World,”
Philadelphia, The Blakiston Company.)

FiG. 168. (Right) Child on swing. W, weight of the child; P, the push; T, tension
in the swing rope.
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Fic. 169. A car on the inclined plane. (Courtesy, Heil: “The Physical World,” Phila-
delphia, The Blakiston Company.)

tightly, may break. Likewise, the tightwire walker must be certain that
his wire is not stretched too tightly, since in such a wire a 150 Ib. man may
produce a force of a ton or more on the wire.

When a car moves up an incline such as the ramp of a garage, the
engine nced support only part of the weight, since the ramp supports
part. This will be clear from the vector diagram (Fig. 169). The weight
of the car acts vertically downward. This weight can be considered as
made up of two parts, one force perpendicular and onc parallel to the
ramp. The engine, neglecting friction, nced support only the parallel force
in order to pull the car up the slope. For example, if a 3000 Ib. car is on
a 30° slope, the engine must support 1500 Ib. The force perpendicular to
the slope is about 2600 1b. (In this example friction is neglected.) The law
of the inclined plane (sce p. 297) gives the following relation for this
cxample:

3000 Length of ramp
1500 — Height of ramp
Work

From earliest time, men have been forced to work in order to exist.
However, as civilization progresscd, man learned how to utilize the cnergy
available around him to do his work for him. He placed sails on his ships
to make use of the energy of moving air. Paddle wheels turned by the
energy of falling water opcrated his mills to grind food. Work equals the
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force multiplied by the distance through wbhich the force acts provided
the force and the distance are in the same direction. Should a 100 Ib.
boy run upstairs to a height of 12 ft., 1200 ft. Ib. would be the product
of the weight and the vertical height which he covers. It will be noticed
that the same type of example was given for potential energy. As a result
of the work done, the boy has acquired potential cnergy. However, if
the boy holds a stonc in his hand without moving it, he exerts force only.
Even if he carrics the stone across the room, he does no work on the stone
becausc he is pushing vertically and at the same time walking horizontally.
"The reason for the fatigue when holding the weight is that we are excrting
muscular effort (a force). But when the force moves the stone vertically,
work is done. We pay for work done when we hire a workman to build
a house; we pay for energy consumed in doing work when we pay our
electric light bill; we buy gasoline so that its explosive vapor may do work
for us in moving a car.

If a 3000 Ib. car travels along a lcvel road for a distance of 500 ft.
against a frictional resistance of 500 Ib., the work done by the engine is
500 X 500 or 250,000 ft. Ib. We note that the weight of the car does not
entcr directly into the problem. If the 3000 Ib. car is on a 30° slope and
the engine exerts a force of 1500 lb. over a distance of 50 ft., the work
done, assuming no frictional force, is 1500 X 50 or 75,000 ft. Ib. In each
case, the useful force and the distance must be in the same direction.

POWER

In olden times, it was customary to pay a workman for the amount of
work accomplished regardless of the time required to perform it. A man
received a certain wage for performing a definite amount of work. How-
cver, as machines becamme more common, it became a common practice
to pay a workman by the hour for services rendered. As a result, the word
power came into common use. Power is the rate of working. If 55 Ib. are
lifted 10 ft. high each sccond, the power of the working agency is said to
be 1 horse power. Onc horse power is equivalent to 550 ft. Ib. per sec. If a
200 Ib. man runs up stairs at a rate of 234 ft. per scc., he is working at the
rate of 1 hp. The average man cannot work at this rate except for very
short periods of time.

In the Eighteenth Century, James Watt spent much time in improving
the steam engine. In order to study the power of such engines, he studied
the work rate of the average horse. He found that an average horse could
walk at the rate of 2% mi. per hr. while pulling a load of 150 Ib., or at a
rate of 550 ft. lb. per scc. Many of our smaller electric motors arc only a
fraction of 1 hp. Modern automobile motors average 60 hp. Airplane
engines are now built having a rating of 2,000 hp. Great occan liners
have a turbine engine rating of as much as 100,000 hp.
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Although the horse power is used in the United States for many types
of machines, such as steam engines and motors, the watt and kilowatt are
the units of power used in electricity. Seven hundred forty-six watts equal
one horse power. We often find that a motor rated in horse power is op-
erating a generator rated in kilowatts (1,000 w. =1 kw.).

It is important to emphasize that, in the cxact scientific sense, power is not a
synonym for force. Only in popular language is a powerful man onec who can exert
great force.

MACHINES

Very carly, man discovered that there were certain devices which
could be used to aid him in doing his work, principally by making his
muscular effort easier. He found that he could roll great stones, fell trees,
and overcome other obstacles by their aid. These devices are called ma-
chines. All of our uscful machines are devices by which one form of
cnergy is changed into a type we wish to use. For cxample, we use elec-
tricity to operate motors and produce light and heat.

Levers. Probably the first machine developed was the lever. We find
the lever depicted in Egyptian sculpture. The cave man may have dis-
covered that by using the stout limb of a trec, he could pry large boulders
out of his path. His fulcrum was probably a small stonc or a tree trunk
(Fig. 170). The child uses the see-saw (tecter board) and finds that a
heavy boy can balance a light onc by adjusting their positions on the sup-
port. Sometimes the children use a third child to sccure a balance. The
carpenter finds that it is easier to pound a nail if the hammer has a long
handle. It is easier to close a door by pushing on a knob than pushing in
the middle of the panel. Other familiar cxamples of the lever are the
canoc paddle, the shovel, the rowboat oar, and the broom. It must be
cmphasized that the machine does not save work. It makes it possible to
do the work morc casily. The less the force, the greater the distance
through which the force must act, since work equals force times distance.

fD=Fd

Fic. 170. The simple first class lever. The cffort (f) moving through the distance (D)
raiscs the load (F) through the small distance (d).
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On the see-saw, the lighter boy somctimes sits on the longer end of
the board, moving up and down through a greater distance than the heavy
boy. An essential part of the lever is the fulcrum, the edge on which the
see-saw turns. Archimedes, the famous scientist of Syracuse, said, “Give
me whereon I can stand and I will move the world.” He meant that if he
had a fulcrum outside the earth, a long lever, and a resting place for him-
self, he could pry the carth out of its position in space.

A very simple law may be used in making calculations with the lever.
In the case of a bar balanced on a fulcrum and having weights of § and 10

i)

T2

10 5

e

Fic. 171,

Ib. on opposite sides at distances of 8 and 4 ft. from the fulcrum (Fig. 171),
we may write 8 X 5 = 10 X 4, or force times lever arm equals resistance
times lever arm. If f is 5 and F is 10, D is 8 and d is 4, then fD = Fd.
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Fie. 172.

In case there are three forces, as in Fig. 172,2 X 1045 X 8 =10 X 6.
(If the bar is not balanced before the weights are added, the weight of the
bar must be considered in the calculations.)

Levers are divided into three classcs. The first is exemplified by a pair
of shears, the second by a wheelbarrow, and the third by a canoe paddle
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or the forearm (Fig. 173). In each case, the distances are mcasured to
the fulcrum.

In case the bar has not been balanced in making a calculation, the total weight of
the bar is considered as concentrated at the center of gravity of the bar. Thus, the
distance from the center of gravity of the bar to the fulcrum becomes the lever arm
for the weight of the bar.

F1G. 173. Various lever applications. In the drawings Fu. is the fulcrum, Fo. is the
force exerted and R. or W. is the resistance overcome. (Courtesy, Picper and Beau-
champ: “Everyday Problems in Science,” Chicago, Scott, Foresman and Co.)
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Mechanical Advantage. The mechanical advantage is defined as R/F
or the resistance overcome divided by the force applied. By mechanical
advantage, we mean the saving in force. If, by means of the lever, we can
lift 2 Ib. by pushing only 1 Ib., the lever has a mechanical advantage of 2.

INcLINED PLANE. Another type of machine is the inclined plane, which
we have illustrated by the ramp in a garage. A workman wishing to lift
a 300 Ib. barrcl from the ground to a warchouse floor 3 ft. high uses a
plank placed with one end on the ground and the other on the floor of
the building. He may now roll the barrel up the plank by pushing less
than 300 Ib. For a plank 15 ft. long, he will need to push only 60 Ib. The
longer the plank, the less the force he
must exert. However, he must push
through a longer distance, so hc saves
himself no work. The ratio of the
weight of the barrel to the force ap-
plied by the workman is called the me- .
chanical advantage. The law of the Fic. 174. The inclined plane.
inclined plane states that the aweight nmitiplied by the wvertical height
equals the force mmltiplied by the length of the plane (Fig. 17+4) or
WH == FL. (It must be emphasized, however, that this relation is true
only if there is no friction. Since friction is always present, the force ex-
erted in the example will be more than 60 Ib.)

In general, the law of machines states that, neglecting friction, the
resistaiice overcome mnultiplied by the distance through which the resist-
ance acts equals the effort multiplied by the distaice through awhich the
effort is cxerted.

Efjiciency. Because of thc roughness of the plank, the workman actu-
ally does more work (force times distance) on the barrel than he gets out
of the operation. The wasted work is used to overcome the resistance due
to friction. The efficiency is the ratio of the useful work done by the ma-
chine to the work put into the machine. It is a measure of the useful work.
No machine is frictionless and, in consequence, the efficiency is always
less than 100 per cent. If, for example, the workman uses a force of 100
Ib. to roll the 300 Ib. barrel up the plank of length 15 ft. so that the barrel

riscs 3 ft., the efficiency cquals or 60 per cent.

100 X 15

A hod carrier carrying bricks up a ladder does his work incfficiently,
since he must lift his weight as well as the bricks. A more cfficient way
would be to use a pulley system operated by the man on the ground. Some
machines, such as the electrical transformer and the stcam turbine, have
a high efficiency of about 95 per cent, while others, such as the wheel-
barrow, may have only 12 per cent efficiency.

If we could build a perfect machine, we could produce perpetual
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motion so that a machine once started would move itsclf forever. But,
since friction is always present, perpetual motion is impossible in a ma-
chine. The earth and the other planets of the solar system have almost
perpetual motion, because there is practically no frictional resistance to
the motion. From the carliest times, men have tried to devisc machines
which, once started, would run of themsclves. In the past, many patents
were issued on such pieces of apparatus, but at present no patent will be
granted on such a machine. It will be of interest to the reader to consult
the cyclopedia for cxamples of perpetual motion machines.

FRICTION

Friction in solid materials is due to the roughness of the two surfaces
which rub togcther. Perhaps we think of friction as undesirable. It is
true that friction means low efficiency. Because of this, we oil the rubbing
parts of motors and other machines, since the friction between layers of
oil is usually less than that between metals.

But without friction we could not walk., We slip on smooth ice be-
cause there is too little friction between our shoes and the ice. Because of
friction, nails stay in wood; cloth can be woven; we can start a car and
stop it when we wish.

Most automobile drivers have very erroneous ideas of friction as ap-
plied to the stopping distance of cars. Most persons believe that balloon
tires will skid less easily than narrow, high-pressure tires, that wide brake
bands arc better than narrow ones, that light cars can stop more easily
than heavy ones. Actually, the friction between two surfaces is inde-
pendent of the arca of the contact surfaces so that balloon tires skid just
as easily as high pressure ones, and light cars and heavy cars under the same
conditions will stop in the same distance, since the weight of the car is
not a factor.

In order that a2 moving car may be stopped, the frictional force of the tires on the
road does work as the car moves through the stopping distance. The kinetic encrgy
of the car equals the work donc by friction.

W
———=cWd
2g

In this relation, W is the weight of the car; v is the velocity in ft. per sec.; ¢ is
the coefficient of friction; d is the minimum stopping distance in ft; and g is the
acceleration of gravity in ft. per sec. per scc. By solving for v, we have the rela-
tion v = v/2gcd. Thus, the only factor which affects the minimum stopping distance
is the coefficient of friction between tires and road. The weight of the car has no
effect.

The automobile companies have compiled data giving the shortest
stopping distance for various automobile speeds under ideal conditions.
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No car traveling 30 mi. per hr. can be stopped in less than 75 ft., while a
car moving at the ratc of 60 mi. per hr. requires 220 ft. to stop. Thesc dis-
tances include the distances travelled while the driver thinks of stopping
(reaction time). It must be remembered that these distances arc for the
ideal conditions of good brakes, new tires, and dry roadway. Actually,
the distances arc usually greater than those given. No auto can “stop on
a dime” when moving 30 mi. per hr.

Gases and liquids also cxert friction. Modern high speced trains and
automobiles are streamlined to rcduce the resistance duc to the friction
of the air through which the machine is moving. Because of the resistance
of the air, raindrops fall rather slowly and parachutes are used to check
the fall of aviators. Airplancs travel in the stratosphere partly because of
the decreased air resistance.

Otuer Types or Macuings. Other simple machines in common use
are the screw, the wheel and axle, and the pulley. All machines are com-
poscd of a few simple oncs.

As one watches a printing press or a knitting machine in operation,
it is difficult to believe that such complicated devices are composed of a
grcat number of the simple machines. The great computing machines
weighing many tons and performing intricate mathematical calculations
are a mass of simple machines accurately coordinated.

The automobilc is a familiar example of thc combination of simple
machines. As we press the starter, the foot is a lever with the heel as the
fulcrum. The starting motor turns the engine by a wheel and axle. The
enginc has a crankshaft which is a lever. The steering wheel is a wheel
and axle. The forearm is a third class lever with the fulcrum at the clbow.
As we drive the car up a ramp in a garage, we utilize the inclined plane.
We change a tire by using a jackscrew.
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QuesTioNs AND PROBLEAMS

1. A boy goes fishing, carrying a polc and a 1 Ib. can of beans. e catches a fish and

wishes to weigh it. If he has a foot rule, how can he find the weight?

2. A forcarm is 1 ft. long from the elbow to the palm of the hand. If a 2 Ib. weight
is in the hand, what is the pull in the muscles of the forearm, assuming the muscle
action to take place 4 in. from the elbow? Answer: 6 lb.

. What is mecant by conservation of encrgy?

. State the law of machincs.

. What is: mechanical advantage? efficiency?

. Distinguish between force and work,

[« I I -
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7. A workman pushes a 1,000 Ib. weight up a plank 10 ft. long Onc end of the plank
is 2 ft. higher than the other. He exerts a force of 300 Ib. Calculate the mechanical
advantage and the cfficiency. Answers: 314, 6674 per cent.

8. A boy weighing 100 Ib. runs up a flight of stairs 20 fr. high m § scc. Calculate the
work done and the horse power caerred. Answers: 2,000 ft. lb.; 0.7 hp.

9. Define: horse power; kilowatt.

10. Give an illustration of each class of lever.

11. Name the simple machines.

12. What is power?

13. Would a body fall faster on the moon than on the carth?

14. What is meant by the term foot pound?

15. A 100 Ib. weight is raised 20 ft. i a vertical direction. \What is the increase in
potential energy® Answer. 2,000 ft. Ib

16. If there 18 no perpetual motion, why has the earth moved around the sun for so
long?

17. What is the law of gravitation?

18. A plank 10 fr. long, supported at its center, 15 used as a see-saw. A 100 Ib. boy
sits on onc end. Where must a 150 Ib. boy sit? Answer. 1.7 ft. from end.

19. A boy weighing 100 Ib. sits n a swing and 1 pulled back so that the ropes make
an angle of 45°. What 1s the load on the ropes? Answer. 141.4 Ib,

20. A 25 Ib. sack of sugar 15 hfted from the floor to a table 30 ft. high n 1 sec. How
much work 1s done? \What is the power? Answers: 750 ft. Ib., 1.3 hp.

21. A 10 ton truck 1s moved 1 mu. along a level road by a pull of 1000 Ib. \WWhat amount
of work 1s done® Answer 5,280,000 ft. Ib.

22, What types of machmnes gine a high mechanical advantage?

Visuar Amns

“Machines,” Eastman Classroom Film
“Energy and Tts Transformations,” University of Chicago Film

Topics vor DiscussioN

Perpetual Motion Conservation of Encrgy Friction
Efficiency of Machines Automobile Jacks Lubrication
Centrifugal Force

EXPERIMENTS

1. Carefully balance a meter stick in a clamp, noting the position of the knife edge.
Place a 100 Gm. weight at the 60 cm. mark and adjust a 50 Gm. weight until the
bar is balanced. Record the distance from the fulcrum to the 50 and 100 Gm.
weights. Check the lever law. (Caution: If hangers are used, be sure to include
their weights.)

2, Place 50 Gm. at the 80 cm. mark and adjust the 100 Gm. weight to sccure a balance.
Check the lever law.

3. Slide the meter stick in 1ts support and clamp it at the 70 cm. mark. Using only the
100 Gm. weight, adjust its position untl the bar is balanced. Calculate the weight
of the meter stick. (Consider the meter stick weight to be concentrated at the 50
cm. mark. Then the meter stick lever arm is 20 cm.)

4. Using a stop watch, run up a flight of stairs and calculate your work and power.
Measure the height of onc step and count the steps.

5. If apparatus is available, study some energy transformations. Any physics text will
give scveral forms which can casily be studied.



22. HEAT, A FORM OF ENERGY

Heat consists in a minute vibratory motion of the particles of bodies.
~Isaac NEw1ON

Previous to the nincteenth century, it was generally believed that a
body was hot because some sort of a liquid or gas had entered it. This
substance, called “caloric,” was believed to have no weight. It was thought
that it could be poured into a block of iron, making the block hot. In 1798,
Count Rumford, an American scientist (born Benjamin Thompson), was
engaged in military work in Bavaria. Fle noticed, while boring cannon,
that, as the boring proceeded, the cannon became hot. Being of a scientific
turn of mind, he procceded to test a theory of his, that the heat came from
the work which was being done and not from caloric. He tried a dull tool
which’ did not turn out any metal, but the cannon still became hot. Since
nothing had entered the metal, he concluded that the operation of rubbing
two surfaces together produced heat. Somewhat later, Sir Humphrey
Davy found that he could melt ice by rubbing two cakes of it together.
These experiments finally led men to believe that heat was a form: of
energy produced by doing work. The question was finally settled when
Prescott Joule (Fig. 175) churned water with a paddle, measuring the
amount of work (foot pounds) done and the amount of heat (British
thermal units) produced. Tt scems strange to us that the wrong idea of
heat persisted until such recent times. Unfortunately, wrong ideas are
often difficult to eradicate from the minds of people.

Most persons are confused by the words beat and temperature. Tem-
perature is a rclative term; boiling water is at a higher temperature than
is lukewarm water. On the other hand, a tub of lukewarm water, because
of its great mass, may contain more heat encrgy than a tin cup of boiling
watcr. A thermometer measures temperature but does not dircctly indicate
the amount of heat encrgy in a substance. We pay for beat and not for
temperature. The coldest temperaturc recorded on the earth outside a
scientific laboratory is about —90° F. reported from Siberia. Men have
producced solid helium at a temperature of about —450° F. This is within
a few dcgrees of absolute zero (—273° C. or —459° F.). The highest
temperature on rccord, 134° F., was recorded in Death Valley.

From a study of certain problems in heat, scientists have come to the
conclusion that there is a Jowest temperature at which point no heat

301
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energy exists. We believe that at this absolute zero the molecules of sub-
stances have no heat energy. They are not in motion. Were we, by means
of a flame, to apply heat to a piece of copper at absolute zero, the mole-
cules would take in energy and begin to move to and fro. If the piece of
metal were very small, the molecules would absorb the heat rapidly and
the temperature would rise quickly. This
means that, as a rule, adding heat to a sub-
stance also increases the temperature. Ex-
ceptions to this are found in the change of
state (see p. 307). If we were to use a
piece of aluminum of the same mass as the
copper, the rise of temperature would be
slower. Since we have used the same flame
in the two cases, it is evident that the rise
in temperature depends on the composi-
tion of the substance under test. If we
supply the same amount of heat to the
aluminum and copper, we find that the
temperature of the copper has increased
more than twice that of the aluminum.

Seecrric HeaT
. 175. P tt Joul . . . .
(185;318;9) J%‘Ef: sc‘i‘:;i?st d';‘;: Similarly, if two identical beakers, one

mined the mechanical equivalent containing 100 Gm. of water and the other

°l£ l}sm 'Pm‘;ci eXPe,fimc?muY 100 Gm. of oil, are heated for the same
;fe anmm_' o(éofr:;r;:’“s—ro‘:;gf’ length of time over the same flame, so that

Smith, Turton, and Cope: “Phys- the same amount of heat is applicd to each
ics,” Philadelphia, The Blakiston beaker, the oil will be at a much higher
Company.) temperaturc than the water. If the water
temperature has been increased by 10° C., the oil temperature will have in-
creased by about 21° C. The term specific beat designatcs the cffect of
heat on the temperature of bodies. Water has the highest specific heat and
is used as a standard, all other substances being compared to it. Because of
its high specific heat, boiling water gives very painful burns, since it gives
out a great deal of heat to the skin. Specific hecat may be defined as the
ratio of the amount of heat required to raise 1 Gm. of a substance 1° C.
to the heat required to raise 1 Gm. of water 1° C.

Thus, it is evident that the amount of heat in a body depends upon the
mass, the specific beat, and the temperature. Heat is measured in calories
or British thermal units.

A calorie is the amount of beat required to raise the temperature of 1
Gm. of water 1° C. A British thermal unit is the beat required to raise the
temperature of 1 1b. of water 1° F.
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Table 20
Seeciric Hears
Aluminum 0 219
Lead 0 03
Olive o1l 0 47
Water 100
Copper 0 093
Mecrcury 0 033
Ice 0.502
Stcam 0 47
TEMPERATURE

Temperature is the intcnsity of heat. It dctermines the flow of heat.
Fvcryone has some sense of temperature. This means that we can usually
cstimatc which is the warmer of two objects. If a body is warmer than the
hand, it feels warm. If an object is at a lower temperature than the hand,
it feels cool. Unfortunately, this scnsc is not accurate. If a person comes
from cold outdoors into a room, he may exclaim that the room is warm,
but after he remains for a time, he may begin to complain that the room
is cold. Another illustration is a marble or tile floor in a warm room. The
marble will fecl cold even though it is at the same tempcraturc as the
woodwork. It can be seen that touch cannot be depended upon for tem-
peraturc measurcments.

An interesting demonstration is to place thermomecters on picces of copper,
granite, and wood. Although the thermometers read the same, the copper and granite
will feel much colder to the hand than the wood, because they are better conductors
of heat.

In measuring temperature, it is necessary that we use the temperature
of some object as a fixed point (starting point). There must be some tem-
peraturc that everyone will agree upon as a starting point. We might usc
normal body temperature (98.6° F.) for such a point. However, body
temperature varies slightly with different individuals and thus is not
suitable,

It is rathcr amusing that the most obvious substance, water, was not
considered until suggestions of such temperatures as melting butter, tem-
perature of a deer’s body, the temperature of a cellar in Paris, and the
boiling point of alcohol had been discarded. It is now agrced to use the
temperaturc of melting icc and the temperature of water boiling at a
baromctric height of 76 cm. (standard pressure) as fixed points.

THERMOMETERS. Any device which measurcs temperature is called
a thermometer. Until the time of Galileo, thermomcters were unknown.
It was desired to make an instrument to measure the temperature of fever
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Table 21
S1aNpARD TEMPERATURES
Substance C. F. Absolute
Helrum (boiling point) —269 —454 4
Mercury (freezang point) b —3809 —38 234
Water (freezing point) 0 32 273
Tin (melting point) 232 450 505
Stlver (melting point) 960 1,760 1233
Tungsten (mclting point) i 3000 5,400 3273
Sun (surface temperature) 6000 10,800 6273

patients. Galilco’s thermometer consisted of a glass bulb with a long stem
(Fig. 176). The bulb and part of the stem were filled with air and the
remainder of the stem contained water. When the
temperature rose because of the body heat, the air in
the bulb cxpanded, pushing the water column down-
ward. This was a crude thermometer. The next steps
were the scaling of the stem and the use of mercury.
Of the many scales that have been invented, only two
have survived, the Fahrenheit and the ccntlgrade
(Fig. 177).

There 1s a third thermometer, the Réaumur, which has a
Iimited use in Europe.

A mercury thermometer is made by ﬁllmg the
bulb and the stem with mercury. The ghsq is then
hcated and scaled off. The bulb is now placed in melt-
ing ice and the position of the mercury column
marked. For a Fahrenheit thermometer, this point is

Fie. 176. Gali-  called 32; for a centigrade, it is called 0. The ther-
l(eCO :u :tllz;rrnﬂée;::_- mometer is now plficcd in stcam over boiling water,
den: “Foundations and the atmospheric pressure noted by means of a
of Science,” Phila-  barometer. If the pressure is 76 cm., the thermometer
gﬂﬁhlél;;:nggk- reading is 212° F. and 100° C. The thermometer is

then divided into equal divisions, 100 divisions on the
centigrade and 180 divisions on the Fahrenhcit. If we wish to find the
value of one temperature in terms of the other, we usc the relation
LIP—
r'18032_ _1%_0. For example, to find the value of 20° C. in terms of F.,,
we substitute 20 for the C., in which case F. is 68.

For ordinary temperatures, mercury is the best liquid, since it does not
stick to glass. A clinical thermometer is a mercury thermometer that has




EXPANSION

a constriction in the stem, so that thc mercury does
not drop back after the bulb is removed from the pa-
tient’s mouth. This enables the physician to read the
thermometer at his leisure.

Oven thermometers are made of pyrex glass and
contain nitrogen above the mercury. One may use
such a thermometer up to 700° C. For temperatures
below the freezing point of mercury, alcohol is used.

TueratocourLe. For high temperaturcs, we use a
device known as a thermocouple. In this device, two
wires of different metals, such as copper and iron, have
their ends fastened together as shown in Fig. 178. A
current measuring instrument is placed in the circuit.
If one junction is heated and the other kept cold, an
clectric current will flow in the circuit. The amount
of the current depends on the difference in tempera-
turc betwcen the two junctions. A thermocouple can
be made cheaply and the observer need not be ncar
the furnacc to rcad the temperature. Since the gal-
vanonfeter can be placed in an office some distance
away, such couples arc used in steel furnaces and
pottery kilns. A very small couple (0.02 in. in diame-
ter) enclosed in a vacuum is the most sensitive ther-
mometer known. Such an apparatus can be used to
measure the temperature of planets such as Mars.

In measuring the temperature of the sun and of glass and
steel furnaces, a pyrometer is used. It is well known that the
color of a hot body is a measure of its temperature. Cherry
red indicates a temperature of about 500° C. and blue, a tem-
perature of several thousand degrees. In the optical pyrom-
cter, a lamp filament is placed in front of the furnace or hot
object and the brightess of the filament adjusted. (There
are certain corrections to be made to securc a reading.)

Expansion

Everyone is familiar with the spaces left for ex-
pansion between railroad rails, with the mercury
cups in a clock pendulum, and with the thermostat
for temperature control. When heat is applied to ma-
terials, they usually change shape; in most cases, they
increase in length. We have all noticed a sidewalk
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Fic. 177. Ther-
mometer scales.
(Courtesy, “Foley’s
College Physics,”
Philadelphia, The
Blakiston Com-
pany.)

buckling on a hot summer day, because of insufficient expansion joints.
A concrete road has gaps left between blocks to provide for expansion.
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All large bridges have a very elaborate system of expansion joints which
permit the metal to change length without warping the bridge. If an iron
rod is 1 ft. long at 0° C. and we heat it 1° C,, the new length will be
1.00001 ft. For each degree rise, the length will increase by the same
amount. This fraction is called the coefficient of linear expansion for iron.
Other metals increase by different amounts. The increase in length of a
unit length of an object as we heat it by 1° C. is called the coefficient of
linear expansion. The increase in length = the original length X the coef-
ficient X temperature change.

The rim of the balance wheel of a good watch is so made that it
changes shape without causing the watch to gain or lose time. We find
that a cheap watch loses time in hot weather.

When boiling water is poured into a thick glass jar, the inside will ex-
pand more rapidly than the outside, and the jar may crack. For this rea-
son, chemical glassware is always thin. Some of the newer glasses like
pyrex do not expand much when heated and can be used over a direct
flame. If a quartz rod is available, one may demonstrate its low expansion
by heating an end of the rod to redness and plunging it into ice water.
The rod will not break.

F1c. 178. The thermocouple. Two wires of copper and iron have their ends fast-
ened together to form a junction. When this junction is placed in a flame a current
operates the galvanometer.
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Expansion oF Water. The expansion of water on cooling is a very
intcresting and unusual process. If we have a closed jar filled with water
at 20° C. and begin to cool it, the volume will shrink until it reaches 4° C.
At this point, the volume becomes a minimum (1 cc. weighs 1 Gm.)
but, if the cooling continucs, the volume may increase so rapidly that the
pressure breaks the jar. We are all familiar with the bursting of water
pipes in cold weather. Nature makes use of this increase in volume with
freczing to preserve fish in lakes and rivers. Because ice is less densc than
water, the ice forms at the top of the water instead of at the bottom (a
cu. ft. of water weighs about 62.5 Ib. and a cu. ft. of ice about 56 Ib.).
In deep lakes, the water at the bottom has a temperature of about 4° C.
throughout the year.

CHANGE OF STATE

There are at least three possible states of matter: solid, liquid, and
gas. Water is a substance which we know as ice, liquid water, and steam
(water vapor). Most substances are known only in two states at ordinary
temperature, for cxample, solid and liquid butter, liquid and gaseous
gasoline.

Heat or Fusion. The process of changing from one state to the other
is very interesting. We shall illustrate by means of water. If we drop a
piece of ice into a pan of water and apply heat, we find that the tempera-
ture remains at 0° C. until all the ice has melted. We bave applied beat
but no change of temperature has resulted. The heat applied to melt the
icc is called the heat of fusion. The number of calories required to melt
one gram of substance without change of temiperature is called the beat
of fusion of that substance.

Expcriment shows that 80 calories of heat are required to melt a gram
of icc without any change of temperature. Apparently, the heat has been
uscd to tear the molecules apart. The energy is not lost, but is stored as
potential cncrgy (see p. 283). When water freezes at 0° C., the samc
amount of heat is given off.

An intercsting application of this principle is the use of water to pre-
vent vegetables from freezing in the cellar. Most vegetables freeze at
about —2° C. If sevcral tubs of water were placed in the cellar and the
temperature should drop to 0° C,, the water would becomce ice, thereb
liberating 80 calories for each gram frozen. The liberated heat would
warm the cellar and might protect the vegetables.

Perhaps the most important use of the heat of fusion of ice is the. icc
box or refrigerator. In the ice box, the cake of ice, in melting, absorbs
the heat from the contents of the box, so that they become colder. It is
essential that the ice should melt rapidly. Covering the ice with paper or
cloth defcats the purposc of the box. Since cold air is more dense than
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warm air, the ice is placed in the top compartment to produce a circula-
tion which will cool the food.

Heat or VarorizatioN. In the case of the change of state from a
liquid to a gas, we have a principle similar to the heat of fusion. If 1 Gm.
of water is changed to water vapor at 100° C., 540 calories of hecat are
required to change the state. This is the heat of vaporization of water.

In Chapter 11, it has been stated that molecules of gas are in rapid
motion, having kinetic energy due to the temperature. In a liquid, some
of the molecules have rather high speeds, while others move more slowly.
The high speed molecules may have enough kinetic energy to push
through the surface of the liquid and escape. Since the temperature of
the liquid is determined by the speed of the molecules, the liquid thus
becomes cooler. Everyone has noticed that when alcohol, gasoline, or
ether are poured on the hand, the liquid quickly disappears, leaving the
hand cold. Fever patients are bathed in alcohol to remove cxcess heat
from the skin and thus give relief to the sufferer. The explanation is that
the heat of the body has increased the kinetic energy of the molecules
of the alcohol, resulting in rapid evaporation, which removes heat from
the body.

Everyone has noticed that wet clothes on the body feel cold. In this
case, the body heat is being used in causing the evaporation of the water.
Woolen bathing suits are more comfortable than cotton because of the
slower evaporation from the wool.

A fan cools our skin by causing a circulation of air which removes
perspiration. (If the humidity is high, evaporation does not take place
rapidly.) Evaporation takes place rapidly from the leaves of trees, and
the sap rises in the trunk to replace the loss.

FiG. 179. Underneath the bell jar is placed a small amount of water and a dish of
concentrated sulfuric acid. When the air is exhausted by the pump the water evapo-
rates rapidly and cools. At 32° F. it boils as it freezes.
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One of Aesop’s fables relates that on a cold winter day a wood satyr came upon
a half-frozen traveller who had lost his way. Taking pity on the man, the satyr
took him to his hut and went to prepare some broth. Returning with the steaming
liquid, he noticed that the half-frozen man was blowing on his hands to warm them.
When the traveller was given the broth,
he blew on the hquid to cool it. The satyr
would not toleratc a man who could
blow bot and cold with the samc breath.
The scienufic explanation is left as an
exercise for the student.

BoiLing. A boiling liquid is one
which is bubbling as it evaporates.
When a pan of water is placed on
the stove, the temperaturc of the
water riscs until the boiling point is
rcached. As soon as the water begins
to bubblc vigorously, the tempera-
ture remains constant until all of
the water has changed into water
vapor. Becausc of this fact, one can-
not hasten the cooking of vegetables
by boiling the water vigorously. As
soon as the water begins to boil, the
heat supply should be decreased
until it is just sufficicnt to maintain
the boiling temperature. However, Fic. 180, Borhing under reduced pres-

: sure in a flask of volume (V). (Cour-
the C()Oklng of foods can be has- tesy, “Foley’s College Physics,” Phila-
tened by adding salt to the water, deiphia, The Blakiston Company.)
thus raising the boiling point.

Water can boil at tempceratures from 0° C. up to above 100° C,, since
its boiling point depends upon the atmospheric pressure above the liquid.
For instance, water will boil at 0° C. (32° F.) when the pressure is 4 mm.
and will boil at 100° C. (212° F.) when the pressure is 760 mm. (Ap-
pendix 1V). In order not to burn the syrup, sugar refiners boil the solu-
tion at about 50° C. in vacuum pans. On high mountains, water boils at
such low temperaturc that food will not cook in open vessels, making the
usc of pressure cookers necessary. At an elevation of over 14,000 feet
(Pike’s Peak), the mean boiling temperaturc is about 86° C. (187° F.).

A very instructive experiment can be performed to illustrate the boiling of water
at 0° C. A good vacuum pump is used to exhaust the air from a bell jar in which
is placed a small amount of water and a dish of sulfuric acid. The concentrated acid
absorbs the water vapor so that ice forms on the boiling water (Fig. 179).

As a demonstration of boiling under reduced pressure, partially fill a round-
bottom flask with water and boil it. After the water has boiled vigorously, remove
the flask from the flame and cork it tightly. Invert the flask and pour water over It
The water will resume boiling, because the cold water condenses the water vapor
and reduces the pressure inside the flask (Fig. 180).
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REFRIGERATION

Dry Ice. One of the interesting applications of evaporation is the pro-
duction of solid carbon dioxide (dry ice). Tanks of carbon dioxide, such
as are used at soda fountains, contain a mixture of liquid and vapor. If
such a tank is placed on its side (the valve slightly lower than the bottom)
and the valve is opened, the liquid rushes out and as it escapes some of it
cvaporates, absorbing heat from the residue. This residue becomes a solid
with a temperaturc of —80° C. “Dry ice” is used in the preservation of

N HEDMBTICA/LLY SEALED TANK

FREEZING CHAMBER

REFRIGERATING FLUID
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Fic. 181. A simplified diagram of an electric refrigera-
tor. (Courtesy, General Electric Co.)

foods and in the shipment of ice cream. Rapid freczing at a low tempera-
ture of —80° C. does not injure meats and vegetables as does ordinary
freezing. Hence food frozen by “dry ice” keeps indefinitely with no loss
of flavor. Such a process freczes foods so quickly that it prevents the for-
mation of large crystals of ice, which would destroy cell walls. Frozen
foods are familiar articles in the stores.

The mechanical refrigerator makes use of the heat absorbed as a
liquid evaporates. The liquid must be one which boils at a temperaturc
below the melting point of ice and which can be changed easily from
the vapor to a liquid state. Some satisfactory liquids are sulfur dioxide
(B.P.,, —10° C.), methyl chloride (B.P., —24° C.), ammonia (B.P.,
—38° C.), and Freon (B.P., —30° C.).

The liquid is placed in a partial vacuum in a system (Fig. 181) con-
sisting of the expansion chamber R in the food box, a compression cham-
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ber H above the food box, and the connecting pipes. Heat coming from
the food causes evaporation in R. The motor in the compartment H
comipresses this vapor and it is passcd through the condensing coils,
where it again becomes a liquid. The liquid returns to the expansion
chamber through the float. Such a refrigerator is satisfactory as long as
no gas cscapes to the air and as long as the motor functions properly. A
good mechanism is rather expensive so that a cheap refrigerator is likely
to be a liability. Perhaps it should be emphasized that the only essential
difference between an ice refrigerator and a mechanical one is that the
latter provides a means for conserving the refrigerant so that it is used
over again without a loss.

Unlike the mechanical refrigerator, the gas refrigerator has no moving
parts. Its action depends upon the fact that ammonia is much more solu-
ble in cold water than in hot. At 32° F., 1 qt. of water will dissolve 1300
qt. of ammonia; at 68° F., about 700 qt.; and less at higher temperatures.
A strong solution of ammonia is heated by a small gas flame. As the tem-
perature rises, some of the ammonia evaporates and is condensed to
liquid antmonia in the rectificr. The heat from the food chamber causes
this liquid to evaporate. The gas is dissolved in cold water again so that
the process is continuous. In the newest type, the only requisite is a small
gas flame, which can be produced by either a liquid or a gascous fuel.

FukeLs

There are three types of fucl: solid, liquid, and gas. The value of fuel
depends principally upon the heating units it contains. The heat value is
expressed in B.T.U. per Ib. or in the casc of gases, in B.T.U. per cu. ft.
Solid and liquid fuels also contain sulfur and other impurities which some-
times make them undesirable. A good solid fucl should have a high fuel
value, low ash content, and be free from volatile matter including sulfur.
In Table 22, the analyses of several typical fuels are given:

Table 22

FurL ANALysis

Volatile Carbon Ash Sulfur B (TI;E]
(Per Cent) | (Per Cent) | (Per Cent) | (Per Cent) Pound)
Peat (Flonda) ..  ....... 56 83 24.30 15 68 0.49 8,930
Lignite (Dakota) e 59 19 26.75 11.43 3 54 6,970
Bituminous (Coalport) .. ... 19 68 71 21 779 0 992 14,600
Anthracite (Lchigh) . . 5 00 86 00 9 00 0.50 13,570
Coke (Koppers) C 070 | 91.86 7.50 | 0.69 13,000
Oak Wood. . . . .. .. .. .. 10,320
Gasoline. .  ..... .. .. .. .. .. . 30,000
Aleohol. .. . ....... ..... ... .. .. .. .. 20,000
Gas (coal). . .... . ..... ... .. .. .. .. 200*
Gas (natural) . .............. . .. .. .. .. 1,150*

* Per cubic foot.
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HEeaTt TRANSFER

Heat is a form of energy which moves from place to place. We re-
ceive heat from the sun, from the hot air furnace, and from stoves. Heat
encrgy is transferred in three different ways, although any heating device
may utilize more than one mcthod.

Convecrion. The type of heat transfer called convection is rather easy
to understand. If one hcats a kettle of water on the stove and places a
little red dyc in the bottom of the kettle, it will be noticed that very soon
the entire volume of water will be colored. The hot water at the bottom
becomes less dense and rises to the top. In this way, a circulation is started
that affects the whole mass of the water. In hot water heating systems, the
water is heated in the boiler in the basement, rises through pipes to the
radiators on the upper floors, loses heat, and returns to the basement as
cool water.

Air also conveys heat by this method. Our storms, as we have seen
(p. 162), arc due to heated air rising to the upper atmosphere and cool,
dense air rushing in to take its place. Ocean currents such as the Gulf
Stream and wind belts such as the Trade Winds (p. 163) are examples
of convection currents. ‘

In the hot air furnace (Fig. 182), densc, cold air passes through the
jacket over the heated dome of the furnace, expands, and rises through
pipes to registers. From there it riscs to the cciling of the room. The cold
air on the floor, being heavier, sinks to the basement, starting a circula-
tion. Although hot air heating is an excellent type, too often improper
installations make it very inefficient. Registers should never be placed
under windows, since the cold air entering will blanket the rising air.
Somctimes such registers will act as cold air ducts instead of hot air inlets.
Every hot air installation should be constructed according to corrcct
scientific principles. Although rising air is a good carrier of heat, when
prevented from moving it acts as an exccllent insulator. Wool and fur
arc warm becausc they have little spaces in which air is trapped. Every
camper knows that a sleeping bag is better than many blankets. The air
trapped in the bag acts as an insulator. If papcr, asbestos, or felt is placed
between the walls of the housc, the trapped air prevents the escape of heat.
(It is incorrect to say cntrance of cold unless we mean the entrance of
a current of cold air.)

Connucrion. If one places a solid silver teaspoon in hot liquid, it will
be noticed that in a very short time the handle will become hot. Like-
wise, the mctal handles of hot cooking utensils are usually warm, al-
though the handles arc not over the flame. A boy who places his tongue
on a picce of metal which is very cold finds that his tongue freezes to
the metal. Solids differ in their conductivity for heat. Silver is the best
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conductor, while wood and wool are poor conductors. Aluminum, also
a good conductor, makes excellent cooking utensils because it distributes
the heat rapidly with less possibility of burning the food.

Heat is transmitted through solids (liquids and gases are poor conduc-
tors of heat) in some manncr not well understood. If one end of a bar is
heated, it is thought that the frec electrons in the bar move faster and,
because of their collisions with atoms, cause the heat to move through the
substance. If we place one end of a copper rod and one end of an iron
rod in a flame, we shall discover that in a very short time the opposite end
of the copper rod will be hot. The iron rod will become hot more slowly.
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Fic. 182. 'The hot air furnace. (Courtesy, Bowden:

“Foundations of Science,” Philadelphia, The Blakis-
ton Company.)

Metals which arc exccllent conductors of heat are also cxcellent conduc-
tors of electricity.

An interesting demonstration can be performed by the use of scveral metal rods.
If rods of aluminum, copper, brass, and iron are so arranged that one end of each
can be heated with a common flame, and if a bit of paraffin is placed on each at the
same distance from the flame, one can study the conductivity by noting the order
in which the globules of paraffin arc melted.

Rapiation. The third method of heat transfer, radiation, is the most
universal but at the same time the most mysterious. All our lives we have
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received heat as a result of energy being transmitted through the 93,000,
000 miles that separate us from the sun. But when it is remembered that the
temperaturc of the interspace is probably that of absolute zero, and that
most of the space is a more perfect vacuum than any that can be produced
on the earth, it will be seen that neither conduction nor convection can
in any manner account for the heat transference. The energy travels with
the speed of light and is possibly transmitted in the form of electromag-
netic waves sent out into space by some disturbance of the atoms in the
sun. This encrgy is transferred to objects on the earth. This theory is fully
discussed in Chapter 13.

If the radiation falls on a highly polished piecc of metal, some of the
waves are reflected just as light is reflected from a mirror. If, on the other
hand, the radiation falls on black cloth, nearly all will be absorbed and
the cloth will become hot. Becausc of the reflecting power, we wear
white clothes in summer. The radiometer (Fig. 183), a familiar sight in
opticians’ windows, rotates because of the radiant energy it receives. The
vanes receive unequal heating, the black side being heated faster than the
polished surface. Consequently, the air molecules rebound from the black

Fie. 183. (Left) The radiometer. (Courtesy, Central Scicntific Company.)

Fic. 184. (Right) lllustrating the action of a greenhouse. The light waves are trans-
mitted by the glass and upon striking the earth are changed into heat waves which
cannot cscape. (Courtesy, “Foley’s College Physics,” Philadelphia, The Blakiston
Company.)
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surface and this surfacc in turn moves away from the source of heat. Good
radiators are also good absorbers of radiation.

A greenhousc is a good example of the cffect of the waves of energy.
Sunlight, which is composed of waves of various lengths, strikes the glass.
Some wave lengths penetrate and some are absorbed. The waves which
pass through the glass strike the soil inside and are changed to heat waves
(infrared rays). Thesc long waves cannot escape through the glass and
are trapped, thus warming the ground. Glass will transmit high tempera-
ture radiation (light) but will not transmit low temperature radiation
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Fic. 185. The Newcomen engine. (Courtesy, Bowden:
“Foundations of Science,” Philadelphia, The Blakiston
Company.)

(heat). The greenhouse is a heat trap. Many people arc mystified by the
fact that a greenhouse or a sun parlor is often warm on a sunny day in
winter even though the temperature is low out of doors (Fig. 184).

Heat EnercY ApPLIED TO MACHINES

Man has applied the principles of heat to the stcam engine and to the
gasoline motor. Many a boy has uscd a small jet of steam to drive a paddle
wheel. Today, this principle has direct application in the stean turbine,
which is one of the most efficient of all engines. High pressure steam jets
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Fic. 186. Model of a modern steam enginc. (Courtesy, Bowden: “Foundations of
Science,” Philadelphia, The Blakiston Company.)

strike the turbine blades in such a way that nearly all the energy of the
steam is utilized. Such turbines are usecd on many large ships.

The steamn engine of the type used in locomotives was developed by
several inventors, among them Newcomen and James Watt. Watt’s prin-
cipal improvements to the steam engine were devices to make the opera-
tion automatic and to increase the efficiency (Fig. 185). In the modern
engine, the firebox produces steam under a pressure of several hundred
pounds per square inch. This high pressurc steam enters the cylinder,
moving the piston as it expands. When the piston has reached the end
of its stroke, the slide valve moves so that thc stcam enters at the other
end of the cylinder, forcing the piston back to the original position. This
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operation is continuous as the piston motion drives the cngine (Fig. 186).

Some attempts have becn made to replace steam by mercury vapor, which

makes a more efficient engine. Thus far the mercury engine is in the ex-
perimental stage.

In contrast to the stcam engine, in which we have a fire box and a
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Fic. 190. Exhaust stroke (up). (Courtesy Bowden- “Foundations of Science,” Phila-
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cylinder, the internal combustion engine burns the fuel inside the ¢ylin-
der. In the gas engine, combustible gases mixed with air are pulled into
the cylinder from the carburctor by the downward stroke of the piston
(suction stroke) (Fig. 187). The rising cylinder in the compression stroke
(Fig. 188) compresses the mixture of gases to a small volume. At this
stage, both valves are closed. The spark plug now fires the compressed
gases, forcing the piston down on the power stroke (Fig. 189). The power
stroke does work on the crankshaft of the engine. The rising piston now
forces the burned gases out through the exhaust valve (exhaust stroke)
(Fig. 190). The next cycle is another suction stroke. The four strokes
constitute four-cycle operation. In the automobile motor having several
cylinders, the firing procceds in such a way that cach piston in turn
acts on the crankshaft in such a time intcrval that smooth motion is pro-
duced. In recent years, the tendency of automobile designers has been to
produce high compression motors. Unless a material is mixed with the
gasoline to retard the combustion, the mixture may explode before the
piston is ready to descend. This causes a “knock” which is harmful to
the motor. One of the materials used as an “antiknock” is tetraethyl lead
(see p. 129).

Just recently, another type of internal combustion motor has become
important in commercial life. This motor, the Diesel engine, is now in use
on steamships and in many large power plants. Many trucks are now

powered with Diesel engines and many modern locomotives are of the
Diesel electric type.
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The Diesel engine is a compression type in which the compression
ratio is about 16 to 1. It has a two-stroke cycle.

Compression ratio refers to the change of volume experienced by the gas dur-
ing the compression stroke. If, for example, an initial volume of 1,000 cc. is reduced
to Y4g of this amount, the compression ratio is said to be 16:1. Modern four-cycle
engines used in automobiles have an average ratio of 6:1.

The Diescl engine has no carburetor in which the gas and air are
mixed. There are no spark plugs. Instead, the fuel is blown into the cylin-
der through a small opening called the injector so that the fuel and air
are mixed inside the cylinder. Because the cylinder is already filled with
very hot air under high pressure, the oil burns without the nccessity of a
spark. It is estimated that the compressed air is at a temperature of about
1,000° F. This temperature is hot enough to fire the oil without the use
of any flame. The cngine is very efficient, about 36 per cent, as compared
to 25 per cent for the aviation engine and 20 per cent for automobile
engines.

It has been found possible to use almost any liquid fuel in the Diesel
engine but it operates best with a good quality fucl of the type of kerosene.
Bccause of the high comprcsslon nceded and the weight of the motor, pas-
sengcr cars do not use these cngines to any extent. Howecver, we may ex-
pect to see such cngines in passenger cars in the future.
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QUuUESsTIONS AND PROBLEMS

1. If the humidity is 100 per cent, is a fan helpful?

. In hot, dry countrics porous bags are filled with water and placed in the air to
cool. Why?

. Marblc always feels cool even in summer. Why?

. Why is ice placed in the top of an ice box instead of at the bottom?

. Why do patches of dirty snow melt more rapidly than clean ones?

. Why do we discard dark clothing in summer?

. Explain why gasolinc feels cold when spilled on the hand.

. Why is a grcenhouse or sun parlor warm on a sunny day in winter?

. If the temperature is 40° F. what is it centigrade? Answer: 4.4° C.

. If a thermometer is at 27° C. what will be the Fahrenheit reading? Answer:
80.6° F.

- Give a list of instruments which will measure temperatures from —100° C. to
3000° C.
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12. Why was Galileo’s thermometer unsatisfactory?

13. How many degrees Absolute does 30° C. equal? Answer: 303° A.

14, Normal body temperature is 98.6° F. What is the centigrade reading? Answer:
37° C.

15. How many calories will be given out by a steam heating system if the steam
enters at 100° C. and leaves as water at 60° C.? Answer: 580 cal./Gm.

16. Why is a steam burn more serious than a boiling water one?

17. Why is a pressure cooker often used?

18. What is meant by absolute zero?

19. Why not usc water for a thermometer material?

20. Describe the cycles of a four-cycle gasoline engine.

21. A hospital paticnt had a temperature of 38° C. Did he have a fever? Answer: Yes,
100.4° F.

22. What 1s the scientific meaning of the saying “a watched pot never boils™?

23. Clothes sometimes freeze dry. Explain.

24. Why does warm air rise?

25. Why is Pyrex safer than ordwary glass for hot liquids?

26. Ten Gm. of ice at 0° C. are changed into water at 10° C. How many calories of
heat are required? Answer: 900.

27. Could we cool the kitchen by allowing the door of the household refrigerator to
remain open?

28. A 30 ft. steel rail has a temperature variation between winter and summer of
50° C. What is the length varatuon? Answer. 0.018 ft.

VisuvaL Ains

“How the Icing Unit Works,” General Electric Co. Film
“Refrigeration,” Eastman Classroom Film

Torics ror Discussion

Heating Systems Thermostats Electric and Gas Refrigerators
Biography of Rumford Automatic Fire Sprinklers Expansion Joints
Clock Pendulums Recording Thermometers .

EXPERIMEN 1S

1. Make a study of thermostats. Investigate the construction of one in the school-
room; in the incubator; in the electric refrigerator.

. Study conduction of heat. Place the ends of four rods, copper, iron, brass and
aluminum, in a flame and rccord the time intervals untl the other ends of the
rods become hot cnough to melt wax.

3. Study a simple fire sprinkler. Cork a glass flask which is partly filled with water
with a onc hole rubber stopper. Plug one end of a short glass tube with Wood’s
metal and inscrt the tube n the stopper. Invert the flask and gently warm the metal
in the tube with a candle flame. Water will flow out and extinguish the candle.

4. Place a beaker of watcr over a flame and by means of a medicine dropper place a
Iietle red dye at the bottom of the beaker. As the water becomes warmer, the dye
will circulate through the entire beaker. This 1s convection.

- Make a table of some of the liquids used as refrigerants. Secure information con-
cerning odor, boiling point, chemical properties, and physiologic propertics of
sulfur dioxide, methyl chloride, methyl formate, Freon, carbon dioxide, and
ammonia. Decide which is the best liquid for domestic use.

~

w
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6. Visit a power plant for the study of stcam engines, gas engines, and Diesel engines.
Make a sketch of a four cycle engine, including one drawing for cach cycle.
If possible sccure an old four-cylinder, or still better, a one-cylinder gasoline
engine, and examine the valve construction. This makes a very valuable experiment
for general science classes.

7. Determme the specific heat of an oil by heating 100 Gm. of the oil and 100 Gm.
of water m identical beakers, using the same flame and the same time for each.

8. Make a survey of insulating materials such as asbestos, cork, paper, wool. Study
the thermal insulation n homes, refrigerators, and furnaces.
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. . . Of all noises 1 think music the least disagreeable.
—SAMUEL JoHNSON

We live in a world of sound. Our ears are constantly making us aware
of the sounds of wind, birds, insects, and a multitude of mechanical devices.
When we clap our hands, slam a door, or pluck a violin string, energy
travels in the air in the form of sound waves.

A boy whistling or dragging a stick along a fence is producing a series
of sound vibrations. If one strikes a bell or rod and immediately touches it

with the finger tips, a vibration can
be detccted. Sounds are produced by
the vibrations of elastic objects. These
sound waves are transmitted by solids
such as steel, by liquids, and by gascs.
8£LLJAR  Sound waves do not travel in a vacuum
as do light waves. (A wave motion is
the passage of a vibration through a
medium.) They require material

@;___ | see.  media for their propagation. (If a bell
is rung in a vacuum (Fig. 191), no
e -—ll— yacoun sound can be heard.) Morcover, sound

waves do not travel as do water waves,
but as longitudinal waves. In order to
understand this, imagine a row of men
70 PUMP standing onc behind the other, each
Fic. 191. A bell in a vacuum., man having his hands firmly braced
(Courtesy, Bowden. “Foundations of  on the shoulders of the man in front of
SC‘(”‘;‘;)C:AY.? hiladelphia, The Blakiston i, 1f 5 bystander gives the rear man
a push forward at the shouldcrs, each
man in the row will be pushed so that he leans forward, although none
of the men actually move out of their positions. A longitudinal wave has
passed through the group.

Another example is a field of ripened wheat. A breeze blows the heads
over and a wave travels in the field. The stalks vibrate to and fro as the
longitudinal wave passes through the field. In like manner, the air particles
move back and forth as the sound waves pass through the atmosphere.
322
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Fie. 192. Compression waves in a pipe produced by a vibrating tuning fork. ¢ and
¢’ represents compressions. 7 and 7' are rarcfactions. The motion of the prong from a
to b and return produces a compression and a rarefaction. (Courtcsy, “Foley’s College
Physics,” Philadelphia, The Blakiston Company.)

Such waves are called compressional waves because the air is first com-
pressed and then released from the pressure. In Fig. 192, the fork prong at
position b sends a compressional wave into the pipe which is shown at c.
The fork at 4 forms the rarefaction 7. The distance from ¢ to ¢’ is the
wave length of the sound wave. A stretched piano wire set into vibration
by the hammer of a piano sends out compressional waves into the air.
These waves, upon striking the ear, produce the sensation known as sound.
Two good cxamples of compressional waves arc thunder and the explosion
of a firecracker. The sudden expansion of the air compresses the adjacent
layers, which in turn expand. These compressions and rarefactions travel
through the air.

If the number of vibrations! per second of the elastic body, for example,
the tuning fork, is as great as 30, the ear recognizes the wave motion as a
sound. Any number of vibrations less than 30 per sec. is usually not con-

LIMITS OF HUMANLEAR

RADIO RECEIVING SET
N FLUTE
PICCOLO
TROMBQNE
VIOLIN 1
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BASS VIOL
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ENOR
BASS |
<J <J < <o '('o“ P < < % PR
TER 8% 2% §§ %3 8% BD 8% 113
- - o n v N §

VIBRATIONS PER SECOND

Fic. 193. Pitch range of various musical instruments.

*A vibration is the complete forward and backward motion of the elastic body.
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sidered an audible sound although some organ makers use a pipe sounding
16 vibrations per sec. The ear recognizes as musical tones vibrations as
high as 4,000 per sec., and it can detect sounds up to 20,000 vibrations per
sec. (Fig. 193). These high notes sound like squeaks and are not con-
sidercd musical. The number of vibrations per
second is the pitch of the tone. )

As a rule, young persons have a keener
sense of pitch than elderly peoplc. There are
mechanical devices which can register high-
pitched notes that are inaudible to the human
ear. One of these devices is the whistling flame.

To produce a whistling flame, a glass tube is
drawn down to a tip with a bore of about 1 mm.
(Fig. 194). Gas is passed through thc tubc and the
pressure is adjusted so that the gas flame is on the
point of flaring. Usually such a flame will be about
1 ft. high. As a high-pitched whistle is sounded or a
bunch of keys is rattled, the flame will “duck” as the
compressional waves pass over the outlet.

UvLtrasoNic WAVES

During the past few years, compressional
waves with a pitch of the order of one million
have been produced by causing a piece of
quartz to vibrate in a liquid. This is called
the piezo-electric effect and the vibrating plate
can be operated so as to produce waves of a
very high pitch. The piece of quartz, cut in
a special way, is placed between two metal

. o plates. A high potential is connected to the
ﬂml):‘ llf%a Tﬂfg l:‘fgl’::ll:‘;g plates, setting up an alternating voltage (see
note is sounded in the vi- P+ 379) which causes the quartz to expand in
cinity of the flame, the one direction and contract in the other. The
flame will “duck.” vibrations set up supersonic waves in the

liquid above the quartz. Some interesting properties of the waves are their
ability to destroy bacteria which may be in the liquid. The high fre-
quency sounds are now used to sterilize milk, age whiskey, improve the
quality of photographic films, precipitate smoke in chimneys, and assist
in mixing mayonnaise. This work is still in an experimental stage.

Sounp WavEes

Sound waves travel much more rapidly in solids and liquids than in
gases. The speed in air at ordinary temperatures is about 1120 ft. per sec.
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(Sound travels 1087 ft. per sec. at 0° C. with an increase of 2 ft. per sec.
for each degree rise in temperature.) Sound waves may be reflected and
focussed by curved surfaces. There are several whispering galleries in the
world which focus the sound. Some of these are the Hall of Statues in the
Capitol at Washington, the Mormon Tabernacle in Salt Lake City, and
St. Paul’s in London. A word spoken in a whisper at one point can be
clearly heard at a distant point.

Table 23
Seeens oF Sounp IN VaArious Mepia

Water. ... . 4,728 ft. per sec.

Aluminum 16,470 ¢« «

Copper 11,670 «“ «

Granite 13,000 « ¢ ¢
Tue Ear

We do not know just how we hcar. There are several theories of hear-
ing, each of which is rather unsatisfactory. The ear (Fig. 195) consists of
a passage (meatus) about 1 in. deep which ends at the drum (tympanic
membrane). Inside the membrane is a cavity (the drum cavity). In this
cavity are three tiny bones—hammer, anvil, and stirrup. The handle of
the hammer is attached to the membrane and the base of the stirrup touches

External
acoustic
meatus

Auditor:
ossiclcuy Semicircular canals
Vestibule (containing utricleand saccule

Acoustic nerve (in internal
acoustic meatus)

Cochlea

Semicanal for tensor
> tympani muscle

N Auditory tube
7 Tympanic

Tympanic g.ym’;

membrane

FiG. 195. The ear. (Courtesy, “Morris’ Human Anatomy,” Philadelphia, The Blakiston
Company.)
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an inner membrane (oval window). In the inner ear is the cochlea, a
spiral tube shaped like a snail shell. The cochlea contains two liquids, the
perilymph and the endolymph. Associated with the cochlea is the organ
of Corti and the basilar membrane. The outer drum and the bones cause
the oval window to vibrate, which in turn causes vibrations of the inner
ear liquids. These moving liquids excite sensory hair cells in the basilar
membrane and in some unexplained manner change the mechanical im-
pulses into nerve impulses.

The ear is so sensitive that it can detect a sound wave whose power is
less than a billionth of a watt, a quantity so small that we cannot appre-
ciate it. It can also withstand the loudness of a boiler shop. On the musical
side, the ear can distinguish a change in pitch of two or three vibrations
per second. Scientists have set up a scale of loudness for which they use
the unit named decibel.

Most sounds do not consist of one frequency alone but are a composite
of several modes of vibration. The composite sound determines the quality

Fic. 196. (Top) Photographic record of sound produced by a flute. (Courtesy,
}:Voeld and) Palmer: “Textbook of Modern Physics,” Philadelphia, The Blakiston

mpany.

Fie. 197. (Bottom) Photographic record of musical sound produced by a violin.
(Courtesy, Weld and Palmer: “Textbook of Modern Physics,” Philadeiphia, The
Blakiston Company.)
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Table 24

Deciser. VALugs ABOVE A ZERo REFERENGE LEveL
Quietly rusthng lcaves at § ft 30 decibels
A typcwriter in operation at § ft 50 decibels
An ordinary human voice at 3 ft 60 decibels
Strect traffic at 50 ft . 70 decibels
Riveter at 2 ft . . 100 decibels
Painful noise . . 120 decibels

of a tone. If a piano string is sounding 440 vibrations per sec. (funda-
mental), it will sound several multiple frequencies simultaneously; e.g.,
880, 1,760. These are called harwmionics or overtones. Each musical instru-
ment has its own peculiar set of overtones which give it its indivdual
quality. Figs. 196 and 197 show photographic records of the waves from
a flutc and a violin. It is evident that the shapes of the waves are different
in the two cases. The shapes of the waves from the two instruments show
that the quality of the tones differ, even though the same selection is being
played on both.

Acousrtics OF AUDITORIUMS

One of the most important developments in the study of sound is the
subject of architectural acoustics. The word acoustics means hearing. In
a room with good acoustics, the auditor with average hearing should
casily hcar and enjoy words and music, provided they arc originally clear
and distinct. Bad acoustics in an auditorium may be due to cchoes, rever-
berations, or dead spots. When a sound is produced in a room, it must be
absorbed by the walls, floors, and objects in the room, or it must escape
through doors and windows. Otherwise, it will be reflected. If the room
has hard walls, the sound will be reflected from wall to wall, thus causing
cchoes and reverberations. Until 1900, the improvement of auditoriums
was a “hit or miss” experiment. Dr. W. C. Sabine at Harvard, aftcr an
elaborate series of experiments, set up certain laws which should govern
the construction of rooms if they are to have good acoustics. Fchocs are
caused by the sound being reflected from a wall in such a manner that
the hearer may hear the word twice, once directly and once by reflection.
Sometimes the echo of a word mingles with the following word coming
directly from the speaker. The result is a jumble of sound that makes listen-
ing very difficult. Fig. 198 represents an auditorium of the University of
[linois. In this room, the echoes and reverberations were so bad that
speakers refused to appear on the platform. The drawing shows the direc-
tion of reflection of sound. The room was improved by false walls and
concealed curtains which absorbed the greater portion of the sound that
would otherwisc have been reflected.
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Fic. 198. Drawing showing how an e is formed on the stagc by two reflections.
Such an auditorium has bad stage acoustics. (Reproduced by permission from
“Acoustics of Buildings,” by Watson, published by John Wilev and Sons. Inc.)

F1G. 199. The Eastman Theater, Rochester, N. Y. The acoustics of this auditorium
are excellent. (Reproduced by permission from “Acoustics of Buildings,” by Watson,
published by John Wiley and gons, Inc.)
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Fic. 200. Radio City Music Hall. This great auditorium has excellent acoustical
properties due to the special treatment of the walls and ceiling. (Courtesy, Johns-
Manville.)

Sometimes, owing to reflections, there are dead spots in a room. At
such places the auditors hear very little. Reverberation means that the
sound travels from wall to wall around the room, making the room noisy
and causing the speech to be muffled. In such rooms, the sound may be
audible for a few seconds after the source of sound is stopped. This inter-
val is called the reverberation timie. The listener has the scnsation of a roar
of sound. A familiar example of excessive reverberation is the sound of
footsteps of a person walking about in an empty house. The room seems
to be full of people walking about. On the other hand, if there is no rever-
beration, one has the sensation of deadness of the sound. It is estimated
that in an average room a reverberation ought to last at least %, of a
second for best sound effects.

There are several methods for remedying bad acoustics. As a rule, a
circular room is unsatisfactory. Rectangular rooms with walls and ceilings
of the proper material are best (Fig. 199). Bad conditions may be remedied
by hanging draperies, using rugs on the floors, installing false ceilings, and
constructing the walls of absorbing materials. There are many materials,
such as wall board and special plasters, which are designed for the pur-
pose of absorbing sound. The acoustical correction of an auditorium is a
task for an expert (Figs. 200, 201, 202).

Pracricar ArpLicaTiONS oF EcHOES

Although echoes are very disturbing in auditoriums, they have been
found useful in many commercial operations. One of the modern uses of
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Fic. 201. The photograph shows the method of sound-proofing the floor of a dance
hall. (Courtesy, Johns-Manville.)

echoes is the study of ocean depths (see p. 97). A wave of sound is sent
down into the water and the time required for the sound to return is
noted. Since we know that the speed of sound in water is 1440 m. per sec.,
the great deeps can be studied by a moving vessel.

Fic. 202. The Fels Planetarium of the Franklin Institute. The acoustical treat-
ment of the hemispherical dome made this an excellent room for hearing. (Courtesy,
Johns-Manville.)
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Noise aAxp Music

We divide sound into noise and music. As a rule, we mean by noise
a succession of irregular, unsteady sounds which, being discordant, are
unpleasant to the ear. Some examples arc a wagon rattling over a rough
pavement, the squeals of animals in pain, or the crashing of colliding ma-
terials. A boy dragging a stick over the picket fence is producing a vibra-
tion each time he strikes the picket. If he strikes 30 pickets per second in
regular order, he produces a musical note but if he strikes one and then
another in no regular interval of time he is said to be producing only
noise, If all of a set of wooden sticks tuncd to a musical scale are dropped
at once the cffect is a noise, but if certain sticks arc dropped in a regular
order, we have a series of musical tones.

There are certain combinations of tones which are very pleasing to
the human ear. Occidental music is based on the diatonic scale. It is prob-
able that in ancient times certain singing tones were found to be more
pleasant than others. In this way the scale arosc from the folk songs of
the people.

MAJOR SCALE

There are certain combinations of frequencies which are pleasing to
the ear. It has been found that notes bearing relations to cach other of 9 to
8, 16 to 15, and 10 to 9 form a scalc that is musical. For instance, the
major scale in the key of C is as follows:

C D E F G A B 04
264\ 297\ 330\ 352\ }9{)\ /440 495 528
N AN
o s’ sl N e N N

All major diatonic scales, no matter what the key, have the same fre-
quency relations. The second note must be % of the first and the third 19,
of the second, as indicated above. There are, moreover, certain combina-
tions of these frequencies which are pleasant to the ear. For instance,
middle C (264) and C’ (528) may be played together, thus forming the
octave. The various combinations of pitch which are pleasant constitute
the musical selections. Some peoples, such as the Chinese, use in music a
pentatonic combination of tones which sound strange to the western car.

Beats

In order to explain why the diatonic scale is pleasing, it is necessary
to discuss beats. If, for example, two people are walking side by side, one
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Frc. 203. An oscilloscope record of beats provided by two tuning forks which
have a slightly different pitch. (Courtesy, Weld and Palmer: “Textbook of Modern
Physics,” Philadelphia, The Blakiston Company.)

taking 30 steps per minute and the other 29 steps in the same time, we
find that once each minute both will step at the same time. This effect will
be an increased sound, a beat.

If two banjo strings are supposed to be tuned to the same pitch, for
example, 400 vibrations per sec., and if we hear two beats during the
second when both strings are vibrating, we know that there is a difference
in pitch of 2 vibrations per sec. between the two strings. Many piano
tuners adjust the pitch by counting beats between adjacent strings which
are being tuned. These slow beats are unpleasant to the ear and arc
avoided in music. Fig. 203 shows graphically the action of two tuning
forks in producing beats.

Consonance. Referring to our discussion of the musical scale, it will
be noted that in a diatonic scale the notes differ by as few as 22 vibrations
per sec. (E and F), and by as many as 55 (A and B). In general, we may
state that the intervals average 30 vibrations per sec. It is probable that two
notes such as C (264) and E (330) are pleasing because they have a differ-
ence of 66 vibrations per sec. In general, a large number of beats per
second is not unpleasant. This may be a partial explanation of our musical
discrimination of pleasing tone.

The consonant ratios are: octave, 1:2; fifth, 2:3; fourth, 3:4; major
third, 4:5; minor third, 5:6; major sixth, 3:5; and minor sixth, 5:8.

MINOR SCALE

In the minor scale, the notes bear the following relation to each other:
%, 1%5> 1%, %, %5, %, %%. It will be noted that only the ratios of
19 and 19 5 have been interchanged. This scale is less pleasing than the
major and is used in musical selections where sadness and gloom are
represented.

TEMPERED SCALE

In the tempered scale, the interval between two tones is always the
same, a half tone. If 440 is multiplied by the number 1.06, we have
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A#. By multiplying A# by 1.06, we get the note B. The process is
repeated for the entirc octave.

Actually, it is not feasible to use the cxact pitch of the diatonic scale
in designing the strings of a piano. It would be necessary to have about 60
keys in each octave, or a total of about 400 keys for the piano keyboard.
To avoid this difficulty, the tempered scale is used. By sacrificing exact
frequency, it is possible to make a scale that is not unpleasant, but which
can be manipulated by the piano performer.

Table 25

CompARrISON oF Diatonic AND TeEMPERED Scat ks

C D E F G A B c

Daatonic | 264 297 330 352 396 | 440 | 495 528

Tempered | 261 6 ’937 329 61 349 2| 392 | 440 | 493 9 | 523 3

MUSICAL INSIRUMENILS

One of the simplest of musical instruments is the tuning fork. This is
a steel bar bent into the form of a U. Such a fork, when set into vibration,
sends out a regular succession of waves of one frequency, having no
harmonics. For this reason, tumng forks arc used as standards of pitch.
They are not desirable musical instruments becausc they have no beauty
of tone. Musical instruments arc divided into three classes: the strings, the
percussions, and the wind instruments.

The strings arc instruments which prdducc sound vibrations by means
of stretched strings of gut or wire, set into vibrations by a hammer
(piano), bow (vxohn), or the hand (banjo). Some examples of wind instru-
ments arc the pipe organ, flute, clarinet, cornet, trombone, and human
voice. The percussion instruments include the drum, xylophone, bell, and
marimba. (The marimba is onc of the newest of percussion instruments.
It is of African origin.)

The instruments containing strings have, in addition to the strings, a
sounding board or rcsonator. As the string is set into vibration, it transmits
energy to the sounding board, setting it into vibration. Most of the sound
comes from the resonator and not from the strings. We are all familiar
with the stories of the violins produced by Stradivarius. The beauty of
the tones produced by his violins depends upon the care with which the
body of the violin was constructed. A Stradivarius is probably the most
costly instrument in use at the present time.

In the case of the pipes, such as the clarinet and the organ pipe, the
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Fic. 204. The mechanism of speech. The air from the lungs passes through the
larynx and sets the vocal cords into motion. The cavitics of the nose and throat act
as resonators, enhancing the sound. (From the educational picture “Sound Waves and
Their Sources,” by H. L. Schlesinger and H. B. Lemon, produced by Erpi Picture
Consultants and the University of Chicago Press.)

lips or a reed set up vibrations in the pipe. The human voice is an instru-
ment having two vocal cords which are set into vibration as the air passes
through the openings. The lungs force air upward through the trachea
and larynx into the mouth and nose. The cords, which are triangular, act
like reeds of an organ (Fig. 204). The rate of vibration of the cords is
controlled by the muscles of the larynx. The nose, mouth, and throat act
as the resonators for the cords, so that, by varying the shape of the mouth,
we can change the pitch and quality of the tone. The trained singer has
learned to utilize all the cavities of the head in order to produce pleasing
tones.
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QUESTIONS AND PROBLEMS
. What is: pitch? quality?
. What is meant by music?
. Why can sound not be transmitted in a vacuum?
. Describe the three general types of musical instruments.
. What is meant by the term acoustics?
. Give two modern applications of sound.
. Distinguish between noise and music.
. How can we improve a room having a bad echo? Should we permut reverberation?
9. How do we hcar?
10. By what means are we able to utter sounds?
11. What 1s: diatonic scale? the equally tempered scale?
12. Write the major scale of D (297).

W N PD WN

Torics For Discussion

Chinese -Music Carillons The Marimba

The Theremin The Player Piano Ultrasonic Waves

Acoustics of Auditoriums The Hammond Organ The Phonograph
FXPERIMENTS

1. Construct a whisthing flame and study its action.

2. Sound a flute or a xylophone bar in an auditorium. Investigate the echoes and
search for dead spots. Time the reverberations.

3. Using a Galton whistle, study the pitch perception himits of the various members
of the class. -

4. Have someone demonstrate the methods for changing the pitch of musical mstru-
ments.

5. If an oscillograph or an oscilloscope is available, connect a microphone to the
instrument and have members of the class sing notes into the microphone. Study
the wave form of the diffcrent voices. Use also a tuning fork and an organ pipe.
The instrument will illustrate both pitch and quality. (There are now on the

market inexpensive oscillographs which should be a part of the equipment of every
general science course.)
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The great world of light, that lies
Bebind all buman destinies.
—HeNrY W. LoNGFELLOW

One of the great mysteries of science is the phenomenon of light. We
see objects about us, and we distinguish the colors of objects by means of
the light which enters the eyes, but as yet, a complete explanation of the
phenomena of seeing and of light transmission has not been given. In
Chapter 13, it is stated that there are two theories which attempt to explain
the method by which light is transmitted from one object to another. Onc
theory assumes waves in space and the other treats of quanta (photons).
We shall assume in the present chapter that light transmission is a wave
motion. It seems probable that the emission of light from a hot body such
as an electric lamp is due to the motion of the clectrons in the atoms of
the filament.

Ordinary whitc light may result from the combined cffect of a great
many different electronic motions, or it may be produced by the compli-
cated motion of one clectron in the atom. Light of a single wave length
(monochromatic) is probably due to one simple vibration of the elcctron.
We have scen that the cye responds to a small band of electromagnetic
waves extending from about 0.00008 cm. (red) to about 0.00004 cm.
(violet). This is known as the visible spectrum.

Light travels in straight lincs. Anyone who sights a gun is making use
of this principle. Objects cast sharp shadows. The moon is so small com-
pared to the sun that, if the light curved around the edge of the moon, an
eclipse of the sun would be impossible. Although light does bend slightly
when passing through a narrow slit, as we may notice when vicwing a
bright light through nearly closed ﬁngcrs (see p- 194), for our present
purpose we shall assume that light travels in straight lines.

The bending of a light wave into a shadow when it passes the edge of an object
is called diffraction. The diffraction grating is based on this principle.

In Chapter 13, it is stated that Newton believed light to be composed
of corpuscles travelling in straight lines. Young showed that interference,
a wave phenomenon, could be produced by the combination of two light
rays that had come from a single source.

Onc commercial use of interference is for testing for irregularities of
glass surfaces. In Fig. 205, the irregular fringes indicate that the lens is

336
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Fic. 205. The interference of light waves between two glass plates is used to test
the surface. An irregular surface will produce fringes as shown in the lower figure.
If the surfaces are quite smooth the fringes will appear as in the upper figure. (Cour-
tesy, Bausch and Lomb Optical Co.)



338 ENERGY MANIFESTED AS LIGHT

not satisfactory. In the upper figure, the symmetrical bands show that the
surface is correctly ground. Some familiar examples of interference are the
colors of sea shells and beetles, of soap bubbles, and of the oil film on
water.

REFLECTION

Perhaps our most common experience with light is reflection. We look
into a mirror; we observe the blue of the sky; we notice that the clouds
arc white; we are aware that some types of paper give a glare and that
some materials are dull. We decorate the walls of a room with light paint
so that the light may be reflected instead of absorbed.

A mirror reflects a beam of light in such a manner that the reflected
light leaves the surface at the same angle with the perpendicular that the
incident light made with the perpendicular. In Fig. 206, the arrows point-
ing downward indicate the light striking the surface MN, while the
arrows pointing upward show the direction of the reflected light. This
type of reflection does not enable us to see the reflecting surface. All of
us have at some time walked toward a large plate glass mirror, believing
it to be an opening. Many of our mirrors are curved instead of flat. A
crystal ball is a convex spherical mirror. We usc a portion of a convex
spherical surface for a rear sight on automobile fenders where we wish to
produce a small, erect image of the auto behind us. On the other hand, a
concave mirror is a mirror using the inside of a spherical surface. Such
mirrors are used for shaving mirrors and for reflecting telescopes. When
these mirrors are combined with cylindrical surfaces, they give the dis-
torted images of the “House of Magic” in amusement parks. Automobile
headlight reflectors are parabolic mirrors.

However, in most cases; the rcflected light is scattered by rough sur-
faces such as painted walls or rough wood. In Fig. 206 we notice that the
arrows indicating the reflected beams point in diffcrent directions. We sce
articles in the room and out of doors because light is scattered by them.
The blue of the sky is sunlight scattered by dust and air. The colors of
the clouds are due to scattered sunlight. We may get snow blindness in
winter and we may be sunburned in summer bccause of the scattered
ultraviolet rays in sunlight. Lighting engineers are endeavoring to eliminate

M N

Fic. 206. Diffuse and dircct reflection. (Courtesy, Tower, Smith, Turton, and Cope:
“Physics,” Philadelphia, The Blakiston Company.)
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direct lighting in homes because of the glare, which is harmful to the
eyes, and to substitute indirect illumination produced by light scattered
by light-colored walls.

ILLuMINATION

The history of illumination began with a crude holder in which a fat
burncd. Then came the candle, which gave a yellow smoky flame of low
intensity. This was followed by the kerosene lamp, which reached its
highest cfficiency in the latter part of the nineteenth century. However,
most of the comfort of modern lighting is due to the invention of the
electric light by the British physicist Swan in 1876. Edison improved this
lamp and placed the operation on a commercial scale by installing a system
of electric lighting in New York City. The Edison-Swan lamp, which
consisted of a carbon filament in an cvacuated glass bulb, was rather un-
satisfactory for several reasons. One difficulty was that the carbon filament
evaporated and spread a black film over the glass. Othcr faults were that
the color of the light contained too great a proportion of red rays, and
the lamp was expensive to operate. As a result of a scarch for a filament
material which could be operated at a higher temperature, W. D. Coolidge
was able to produce filaments of tungsten. Lamps containing tungsten
wires give a whiter light and require less than 14 as much electrical energy
to produce the same amount of light as was produced by the carbon
filament,

A further discovery proved that the evaporation of the filament and
the subsequent blackening of the bulb could be prevented by filling the
bulb with a small amount of an inert gas such as argon. The atoms of this
gas retard the evaporation so that the filament can be operated at a higher
temperature. The modern bulb is frosted by spraying the inside of the
glass with hydrofluoric acid.

There is a great waste of energy in the production of light. Only about
5 per cent of the electrical energy is transformed into light in the filament
lamp, the remainder being transformed into heat. The efficiency of a lamp
is rated in candlc power per watt, or lumens per watt.

The lumen is the term used in measuring a quantity (flux) of light. A candle
flame emits about 12 lumens. For reading comfort, one should have at least 5§ lumens
per square foot of page.

In order to discuss lighting efficiencies, we must remember that the
eye is most sensitive in the region of the yellow-green and least sensitive
in the blue-violet and red. A very cfficient lamp may not be a pleasant one
to use. If we could operate a filament at the temperature of the sun’s sur-
face, 6,000° C., we would have a light source similar to sunlight. Since this
is not possible at present, other methods must be used. Lamps such as the
neon lamp, the sodium lamp, and the mercury arc are very efficient, but
the type of light is not satisfactory for use in the home. Nevertheless, the
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neon sign is invaluable for business use and the sodium lamp may soon
revolutionize highway lighting.

The most recent type of light, the fluorescent source, has proved to be
a very valuable type. In this type, the inside of the glass is coated with
fluorescent minerals which emit light under the action of the ultraviolet
radiation which is present in the bulb but which does not escape from the
glass. The fluorescent lamp has a tungsten filament at either end. The lamp
contains mercury vapor and argon. When the light is turned on, the fila-
ments emit electrons which ionize the mercury vapor. Somewhat later the
filaments are extinguished and the ultraviolet is produced by a gas dis-

Fic. 207. Tlumination old and new. (Courtesy, General Electric Co.)
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Table 26
Licutr ErriciENcies (APPROXIMATE VALUES)
Kind of Lamp Lumens per Watt | Candle Power per Watt
Carbon filament 3.6 0.3
Tungsten filament 10 0.8
Tungsten (gas filled) 25 20
Mercury arc in quartz 50 4.0
Carbon arc - 25 2.0
Sodium vapor . . 60 5.0
Fluorescent mercury 75 6.0

Fi. 208. The new sodium highway light contrasted with old methods for road
lighting. (Courtesy, General Electric Co.)



342 ENERGY MANIFESTED AS LIGHT

charge in the mercury vapor. We thus have a combination of light from
the mercury vapor and the fluorescent light emitted by the mincrals on the
glass wall. In such a lamp, nearly 50 per cent of the encrgy is transformed
into light.

If we wish to observe an object closely, we place it very near a light
source. By this means, we increase the illumination on the material. 1lluni-
nation is measured by a unit called the foot candle. If a candle of a certain
specified size is held 1 ft. from a book, the page is illuminated by 1 ft.
candle. If a 36 candle-power lamp is placed 3 ft. from the book, the illumi-
nation is 4 ft. candles. From this follows the relation:

Candle power

Ilumination =
Distance squared

The eye is very adaptable and can adjust itself to a great range of
illumination. However, experience has shown that many rooms are not
satisfactorily illuminated. Classrooms should have about 20 ft. candles,
which is equivalent to a 500 candle-power lamp at a distance of 5 ft. Since
the best light is that reflected by the walls, indirect hghtmg sources would
need to be greater than this value. Modern engineers envision the room of
the future without windows and with indircct lighting which will produce
a uniform soft light casting no shadows. In Figs. 207, 208, modern illumina-
tion is contrasted with older forms of lighting. Many modern buildings
already have indirect lighting. For best vision, the eye requires sufficient
light, absence of glare, steady light, and il]umingtion of the proper color.

CoLor

Man has always admired color. He enjoys the colors of roses, of the
green foliage of trees, and of brilliant dyes. Most colors are due to reflected
sunlight. As the sunlight falls on a pure red rosc, all the parts of the spec-
trum are absorbed by the flower except the red, which is reflected to the
eye. We do not know just why the rose rcflects red, but we can test the
statement just made by viewing the rose under the light of a mercury arc.

Since there are no red rays in the mercury spectrum, the rose will not
be red.

Perhaps the best theory of color is that of resonance. When white light strikes
the rose, most of the light becomes heat. The red part of the spectrum excites in the
molecules of the rose electronic motions which are in resonance with the frequency
of the red rays. As a result, red is emitted from the rose. Chlorophyll, the coloring
matter in green plants, seems to absorb the red and radiate the green part of the
spectrum. In some way, this absorbed energy causes plant growth by utilizing carbon
dioxide from the atmosphere.
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If we place a piece of pure red glass before a lamp emitting white light,
the glass absorbs all the spectrum except the red, which it transmits to the
eye. By these two processes, reflected color and transmitted color, most
of our colors are produced. The electric light in clear or frosted glass is
not the white light of the sun, so that articles which are alike in color in
artificial light appear different in sunlight. The lamps called “daylight
bulbs” have a special glass bulb which absorbs certain portions of the
spectrum so that the resultant color is more nearly the color of sunlight.
One reason why we do not use the neon lamp for reading is that the color
is orange-red, which is not a comfortable light for general use.
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Just why the eye perceives color is still a matter of dispute. The ideas
of Young and Helmholtz were that the retina contained special sensation
centers which responded to the threc sensations of red, green, and violet,
transmitting these impulses to the brain as color.

Herman von Helmholtz (1821-1894) was a German physicist and physiologist.
His work in sound and light was a great contribution to the field of science. He also
made essential discoveries in the field of energy.

The theory assumed that if all three sets of nerve centers are stimulated,
the sensation is that of white light. By mixing two or more types of these

Fic. 211. An ex-
periment illustrating
refraction. The up-
per cup is empty.
The lower is filled
with water. In the
lower cup the light

moving upward
from the object (4)
is deviated at point
B and reaches the
observer along the
line C. (Courtesy,
Bowden: “Founda-
tions of Science,”
Philadclphia, The
Blakiston Com-

pany.)

nerve centers, one should get the sensations of such
colors as orange, blue, and yellow. A fact which
gave support to this theory was the eye deficiency
called color blindness. About § per cent of our popu-
lation are color-blind, mostly red-blind, which means
that such persons do not perceive red as a color. The
theory of Helmholtz held that the cause of color
blindness was the absence from the retina of red
sensitive centers. Unfortunately, there is no evidence
of the presence of such centers in the normal eye.

COLOR PHOTI'OGRAPHY

Until recently, the photography of objects in
color was expensive and complicated. Color film
has now been developed. In this film there are three
gelatin emulsions. In the raw film (Fig. 209), the
blue sensitive emulsion is colored yellow, so that blue
light is absorbed and only the rcd and green get
through. Only red gets through the green sensitive
emulsion, the grecen being absorbed in this layer.
The red rays act on the lowest laycr. In processing
the film, the images are reversed and dyed, the upper
layer yellow, the center magenta, and the lowest
layer bluc-grcen. When white light passes through
the film, the pictures emerge colored. The colored
sections are indicated on the schematic diagram
(Fig. 210).

REFRACTION

A boy learns while fishing that an object under water is really deeper

than it appears to be. If it seems to be 3 ft. underneath, it is really about
4 ft. deep (Fig. 211). Likewise, a spoon placed in a tumbler of water ap-
pears broken at the surface when viewed from the side. Both of these ex-
periments indicate that light travels more slowly in glass and water than it
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does in air. This variation 1n speed causes refraction. The index of refrac-
tion of a substance is the ratio of the speed of light in air to the specd in the
186,000

— 1 — 24. The
77,000
refraction of light in the unsteady atmospherc causes twinkling of stars
Light refracted by water drops causes the rainbow.

substance. For example, the index of a diamond is

Table 27
SeeED oF Sopvium Lient IN MiLes pFR SEC.

In water 140,000
In crown glass 124,000
In diamond 77,000
In polystyrene 115,000
In lucite 125,000

DISPERSION AND THE RAINBOW

All types of light travel at the rate of 186,000 mi. per scc. in free space,
but the speeds of various wave lengths of light differ when passing through
matcrial substances. For example, the speed of sodium light, 5893 A, in
water is 140,000 mi. per scc., while the speed of violet light of wave length
3968 A is only 138,000 mi. per sec. This is the cause of the phenomenon
known as dispersion.

Perhaps the most common example of dispersion is found in the rain-
bow, one of the most beautiful spectacles in nature. Few persons have a
truc conception of the cause of this color spectrum which appears on so
grand a scale. Briefly, the rainbow is caused by the refraction and dis-
persion of the sunlight by raindrops. In order to see a rainbow in a level
region, the observer must face falling rain with the sun behind him and
not more than 42° above the horizon. This means that rainbows occur
either in the morning or afternoon. A complete explanation of the rain-
bow is outside the scope of this text. We shall describe only a simple type
of bow. Let S (Fig. 212) represent the light coming from the sun in the
west. D is a drop of water. The light is refracted at A as it enters the drop,
is internally reflected at B, and is again refracted at C as it leaves the drop.
The white light is separated into the spectrum colors, and as the observer
faces cast, inclining his head at an angle of 42°, he will see the red of the
spectrum, and at an angle of 40° he will see the violet. It is, of course,
evident that a series of raindrops at different heights is necessary if the
observer is to sec the complete spectrum. Any spray of water such as a
waterfall or the mist of a lawn sprinkler can produce a rainbow under
the proper conditions. Occasionally, there is a secondary rainbow with
reversed colors (Fig. 213).
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RAINBOW

Fic. 212. Dispersion of sunlight by raindrops
causes the rainbow.

Fie. 213. The rainbow. r is the red and v is the violet boundary of the bow.
(Coguyl;‘ Chant and Burton: “A Textbook of Physics,” New York, Henry Holt
and Co., Inc.)

LENSES

The most important product of the principle of refraction is the lens.
It is difficult for us in these modern times to visualize an age without
lenses, the “Eyes of Science.” We wear them as spectacles; we use them in
the microscope to study bacteria; we study stars and planets by the lenses
of telescopes. It is probable that the first lenses were made in China.
Marco Polo found spectacles worn when he visited the Orient. In Europe,
however, lenses were practically unknown until Galileo, by grinding
lenses, constructed one of the first telescopes. The microscope was first
used about 1630, but spectacles were not used until rather recent times.
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Benjamin Franklin made some crude bifocals during the ecighteenth
century.

Lenses can be grouped under two types: those which spread out the
light (diverging), and those which focus light rays (converging). If we
hold a reading glass or the lens from a flashlight in the sunlight, a small
real image of the sun will be formed on a white surface placed at the
proper distance. In this case, the distance from the lens to the image on

A
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F1c. 214. The convex lens. The focal length
is the distance from the center of the lens to
the point marked focus.

Fic. 215. The concave lens. Note that the
emergent light is diverging. This lens does not
form a recal image.

the surface is called the focal length of the lens. The reading glass, being
thicker at the center than at the edge, is a convex or converging lens
(Fig. 214).

On the other hand, if one removes the eyepiece lens from the opera
glass and attempts to form an image by mecans of the lens, none can be
found. Such a lens is a concave or diverging lens, which produces a
virtual image. This lens is thicker at the edge than at the center (Fig. 215).
(Oculists classify lenses by the term diopter (power of a lens). The diopter
(power of a lens) is the reciprocal of the focal length in meters.) A lens
of 50 cm. (% m.) focal length has a power of two diopters.) A convex
lens is a positive lens; the concave lens is a negative lens. The modern lens
system is usually a very complex combination of lenses designed to elimi-
nate distortions of various kinds. (For a description of such lens systems,
the reader may consult the references.)
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Microscopes and Telescopes

Both of these instruments consist esscntially of two convex lenses, the
objective and the eyepiece. In the refracting telescope (see p. 13), the
objective is a lens of long focal length and the eyepiece is one of short
focal length. The magnification of an astronomic telescope muay be ex-
pressed as the ratio of the focal length of the objective to that of the eye-
piece.

The simplc microscope (magnifying glass) is a lens of short focus.
The object, AM, is placed inside the focus of the lens, BN, and the image
formed, A’M’, is a virtual one (Fig. 216). The magnifying power is ex-
] Reading distance
pressed as g0l length
mal eye is 10 in, a § in. focal length lens would make the object ap-

+ 1. Since the reading distance for the nor-

Fig. 216. The simple magnifier. (Courtesy,
“Foley’s College Physics,” Philadelphia, The
Blakiston Company.)

pear three times as large. In the compound microscope, another convex
lens' is used as the objective lens (the lens nearest the object), and the
simple magnifier forms the eyepiece. Onc can determine the magnifica-
tion by multiplying the magnifying power of the objective by the mag-
nifying power of the eyepiece. An objective with a focal length of
4+ mm. gives the highest practicable magnifying power in air, about 40.
If the space between the objective and slide is filled with cedar oil, we
may use an objective with a focal length of 1.8 mm. Such an objective
gives a magnification of 100. When this objective is combined with an
eyepiece of a magnifying power of 12.5, we can securc a magnifying
power of 1250. This means that an object %250 in. in diameter appears
to be 1 in. in diameter. The instrument is said to magnify 1250 diameters.
In Fig. 217 the magnification of the objcctive is b/a.

*In practice, both the objective lens and the eycpiece consist of a train of lenses
designed to eliminate various distortions.
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Fi6. 217. The compound microscope. The objective lens produces the magnified
image I of the object AB. The final virtual image I' 1s produced by the eyepicce.

(Courtesy, Weld and Palmer. “Textbook of Modern Physics,” Philadelphia, The
Blakiston Company.)

A compound microscope is a very exact instrument and should have
good care. Any beginner should consult some manual on the use and
care of the microscopc beforc attempting to use the instrument. As is
stated elsewhere (see p. 183), one feature which must be considcred in the
use of the microscope is the resolving power. By using ultraviolet light
and replacing the cye by a photographic plate, it is possible to secure in-
formation concerning very small objects invisible under ordinary light.
A photograph by use of a microscope is called a photomicrograph (sce
p- 120).

The Electron Microscope

In 1927, Davisson and Germer at the Bell Telephone Laboratories made
the discovery that electrons, when moving at high speeds, in addition to
their other marvelous propertics, act as if they possess a wave quality like
light. The “wave length” of thesc high speed electrons can be measured.
From this discovery has come the electron microscope. The instrument
permits magnifications of 100,000 diameters with a resolving power
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(see p. 183) 100 times greater than that of the best optical microscope.
The instrument has been perfected so that it is in use by many scientific
laboratories (Fig. 218). Fig. 219 is a photograph of staphylococcus aureus,
magnified 35,000 diameters.

Fic. 218. The electron microscope. (Cour-
tesy, RCA Victor Division, Radio Corpora-
tion of America.)

The Camera

A camera consists essentially of a light-proof box with a convex lens
at one end and a photographic plate or film at the other. There is also a
shutter and a diaphragm to regulate the amount of light which enters
the box. The small box camera (“Brownie”) has a fixed lens of short
focus which requires no adjustment. Although part of the photograph
is not in sharp focus, fairly satisfactory pictures can be taken. In most
cameras the lens is mounted on a bellows so that the distance from the
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Fic. 219. Staphylococcus aureus. Mafniﬂcation 35,000 diameters. (Courtesy, RCA
Victor Division, Radio Corporation of America.)

lens to the film can be adjusted to secure the sharpest image. The lens-
film distance is short for distant objects and long for near objects. As
the pattern of light falls on the film, a chemical change takes place in
the silver bromide emulsion (Fig. 220). -

A photographic film is made by coating a plastic with hot gelatin in

FILM

Fic. 220. The camera. The lens forms the inverted image ba of the distant object
AB. (Courtesy, Bowden: “F oundations of Science,” Philadelphia, The Blakiston
Company.) ®
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which potassium bromide has been dissolved. Silver nitrate is added in the
dark. The resulting reaction leaves crystals of silver bromide in the gela-
tin. The sensitivity of these crystals to light depends on their size (about
0.3 micron) and the presence of surface specks, probably composed of
silver sulfide. In those grains which are exposed, the light transforms the
silver bromide at the boundary of the speck into a very small amount of
metallic silver. Then this silver facilitates the attack of the developer on
the grain. This film is now placed in a solution (such as pyrogallic acid,
hydroquinon, amidol, or metol) which develops by changing the ex-
posed silver bromide to silver. The unchanged silver bromide is re-
moved by immersing (fixing) the film in sodium thiosulfate (hypo). The
result is a negative, so-called because the light parts of the object are the
dark parts of the film (Fig. 221). In making a print, the film is placed
between a light and a paper which is photosensitive. This paper, when
developed and fixed, is the desired photographic print (positive) (Fig.
222).

By means of a diaphragm (iris), the amount of light entering a camera
can be regulated. The diameter of the opening is expressed as a fraction
of the focal length of the lens. For example, F/10 means that the diameter
of the aperture is %, of the focal length of the lens. A small aperture
admits less light but produces sharp images. For sharp pictures, it is ad-
visable to use the smallest opening justified by the illumination. In gen-
eral, F/11 or F/16 are the best for ordinary cameras. F/4.5 and F/6.3
must be used with caution.

The essential feature of a camera is a good lens. Camera lenses are sometimes very
complex, being composed of several lenses in a train. Some of the types frequently
used are rapid rectilinear, anastigmat, and portrait. (A rapid rectilinear lens &ives an
image which has the same shape as the object. An anastigmat lens gives an image
free from distortion.) In some of the modern cameras, it has been found possible
to use an anastigmat lens of as large an aperture as F/2 or F/1.8. Such lenses make
photographs possible under very poor lighting.

F1c. 221. The stages of making®@ photograph. (Courtesy, Eastman Kodak Co.)
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Fie. 222. (Courtesy, Eastman Kodak Co.)

Fie. 223. A photoiraph of a plaster bust made without visible light by the use

of heated flatirons. This photograph was made by the Eastman Infra-Red film with
an exposure time of fifteen minutes. (Courtesy, Eastman Kodak Co.)
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During the past few years, there has been a marked improvement in
the sensitiveness of emulsions. By means of special dyes, the film can
be so treated that the silver bromide will be affccted by both the visible
and the infrared part of the spectrum. The oldest type of film is the ortho-
chromatic, which contains the dye eosin. This film is sensitive from the
ultraviolet to the yellow portion of the spectrum. Since the film is not
affected by the red part of the spectrum, it can be devcloped in a room
illuminated by red light. A newer film, the pam,hromatlc, is sensitive to
all parts of the visible spectrum and is developed in the dark. Recently a
film that responds to the light of thc infrared spectrum has been developed.

Fic. 224. The schematic eye showing lens, rctina, and
choroid coat only.

This is a very useful film for the cxpcrimenter in the heat region. A
photograph can be taken of a hot object in complete darkness. Infrarcd
films are very useful in the study of the constitution of planets (Fig. 223).

The Eye

The eye (Fig. 224) is a camera in which thcre are two convex lenscs
and a sensitive screen (retina). The cye lens is a double convex type made
up of scveral layers. The cornea is a convex-concave type. To adjust the
cye for distance vision, the controlling muscles decrease the curvatures
of the eye lens surfaces, thus forming a long-focus lens. For near vision,
the lens becomes one of short focus. The lens forms a real inverted image
on the retina. The principle of the transmission of the light impulses to
the brain is being studied intcnsively, but as yet the phenomenon of see-
ing is not well understood. It it known that the process is electrochemical
in nature.

CorrecrioN oF THE Errors or THE EvE LEns. Optically, the eye is
subject to several errors which can be corrected by spectacles. In the
case of myopia (near sight), the patient does not have the ability to change
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Fic. 225. Model of the eye to show correction for ncarsight. (Left) The “eye”
has the retina too far from the lens and the image is indistinct. (Right) The “eye” has
? concave lens in front of the eye lens. Note that the image is now distinct and in

ocus.

the focal length of the eye lens sufficiently to see distant objects distinctly.
The eye lens has too short a focal length. The oculist prescribes a
concave lens (negative) which has the effect of producing a longer
focal length so that the wearer has normal distance vision (Fig. 225).
It is important to understand that the difficulty is not actually removed
but is remedied. Myopia is quite common in young persons. In the op-
posite condition, byperopia (far sight) the focal length of the lens is
too great. To remedy this condition, a convex lens is prescribed.

Probably the most common error is astigmatism. This difficulty is due
to a lack of symmetry of the eye lens. An astigmatic person finds that
when some of the figures on a clock face are distinct, others seem blurred.
There are two foci. The constant effort to overcome this condition pro-
duces headache and eyestrain. The teacher should be on the lookout for
symptoms of this kind in children and should advise early correction. To
remedy this condition, the oculist prescribes a lens cut from a glass
cylinder.

A fourth condition, presbyopia (loss of accommodation) affects the
person in middle age. The eye lens has lost the power of adjustment for
near vision, so that glasses must be worn for reading. Most middle aged
people wear bifocal lenses, the lower half for reading and the upper half
for distance vision.

The newest type of spectacle lens is one which is placed under the
eyelid directly on the eyeball. A thin film of salt solution on the ball pre-
vents irritation. These lenses are invisible and are said to be quite comfort-
able for the wearer. Unfortunately, the cost is rather high at present.
Most of these are formed from plastics (see p. 280).
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Television

For centuries man has desired to enlarge his range of vision in order
to be able to see events hundreds of miles distant. Various devices have
been constructed in the past, but none of them gave satisfactory results.
Within the last 10 years, the problem has been successfully solved by
means of the photoelectric cell principle (see p. 195). In general, the
problem of television is that of converting light energy into clectrical
energy, transmitting the energy by radio waves or by cables, and finally
converting ;he energy back into light energy at the receiving station. The
most successful methods seem to be the ones developed by Vladimir
Zworykin and by Philo Farnsworth. Baird in England and an investigator
in Germany have also produced successful television systems. To illus-
trate the general principle of television, we shall describe the apparatus of
Zworykin. In order to do this, it is nccessary to describe the retina of the

cye.

P
E
i

Fig. 226. T'he iconoscope. (Courtesy, Radio Corporation
of America.)

The retina of the eye is a mosaic pattern of nerve elements consist-
ing of three layers of neurons. The layer of nerve cells nearest the eye
lens is composed of the optic nerve cells; the bipolar cells form a second
layer; the layer against the choroid coat at the back of the eyeball is made
up of rod and cone cells. This means that in the third layer the dendrites
of the neurons are rods and cones. The rods and cones are VEry numerous,
the number of cones in the yellow spot of the retina alone being about
one million. Interlaced with the rods is a mosaic of pigment cells, the
visual purple. When the image is focussed on the retina by the eye lens,
the light waves pass through the retina to the rod and cone layer. These
rods and cones are photosensitive and, when stimulated by light, pro-
duce impulses which pass through the optic nerve cells to the brain. It
seems that the retina acts like a self-restoring photograpbic film. For our
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Fic. 227. Electrical circuit of the iconoscope. A, G, and C are elements of the electron
gun. (Courtesy, Radio Corporation of America.)

purpose, we shall describe the retina as a mosaic of light-sensitive rods
and cones.

Zworykin, imitating the action of the human cye, designed a photo-
electric cell (Fig. 226) with a mosaic consisting of many thousands of
tiny silver globules, each made photosensitive by a coatmg of cesium.
Thesc globules are dcposited on an msulatmg enamel covering the metal
plate (signal platc). The silver mosaic and the signal plate constitute an
electrical condenser. The image is focused in the usual manner on the
sensitive surface by a camera lens, thercby causing an emission of clectrons.
The number of electrons emitted by each element depends on the in-
tensity of the illumination. When the electrons lcave the globules, the
globules are left posmvcl) charged. A beam of clectrons shot out by the
clectron gun shown in Fig. 227 moves over the screen like a stream of
water playing over a building. It thus neutralizes the positive charges.
This process produces a current of electricity through R. This fecble cur-
rent is amplified by radio tubes and is broadcast in the usual manner.
This device, called the iconoscope (see an image), replaces the film of the
camera. Many improvements have been made in the past few ycars and
a large number of television units are now in operation. Television in color
will soon be made practicable for commercial use.

In order that the eye may view the televised image with comfort, the
complete image must change each 144 of a second. This means that for a
picture divided into 525 horizontal lines each having 550 clements, the
electron beam must scan 550 X 525 X 30 clements each second. This
is one of the difficulties of modern television.

Sound Motion Pictures

Motion pictures combinc two applications of light principles. The
film contains a scries of photographs taken of moving objects. In the pro-



358 ENERGY MANIFESTED AS LIGHT

jector, one picture of the film is jerked into position and stopped for
viewing A shutter now closes and covers the lens while the next picture
is being )erked into Posmon. The eye, because of the persistence of
vision, reglsters these separate images as a con-
tinuous motion of the photographed object. Per-
| sistence of vision means that the retina retains
an impression of an object for a fraction of a
second after the object has been observed.

Beside the picture strip is a narrow track,
called a sound track, which is composed of a
series of light and dark strips (Fig. 228). A tiny
beam of light is focused on the strip and the
emergent light strikes a photocell (see p. 195),
producing a varying electrical current. This
current is amplified by a radio amplifier, thus
operating a loudspeaker. The sound track and
the motion picture strip are synchronized so that
the speech or song seems to come from the pic-
ture on the screen.

ULTRAVIOLET

The part of the electromagnetic spectrum
called the ultraviolet is usually associated with
the visible spectrum. The visible spectrum, ex-
tending from 8,000 Angstroms to 4,000 Ang-
stroms, continues into the invisible region. Some
ultraviolet coming from the sun penetrates our
atmosphere. Rays in the region of 3,000 Ang-
stroms affect the growth of the body by assisting
the process of bone calcification. One of the D
vitamins is produced when ergosterol, which is
found in such materials as cod-liver oil, cotton-
seed oil, and other fats, is subjected to ultraviolet
for a time (see p. 241). Vitamin D is necessary in
Fic. 228. Sound flm. order that the boncs absorb calcium and phos-

phorus and is thus effective in the treatment of
rickets. Some milk companies are subjecting their product to ultraviolet,
thus producing vitamin D in the milk. This makes it unnecessary to give
cod-liver oil to small children. The ultraviolet rays from the sun are ab-
sorbed by window glass so that house dwellers get very little of this bene-
ficial radiation directly from the sun and must supplement by the use
of cod-liver oil or the equivalent in order to secure vitamin D. The ultra-
violet rays extending from 3,000 to 3,200 Angstréms cause sunburn and
tan (Fig. 229).
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On the other hand, the ultraviolet in the region of 2,537 Angstroms
has germicidal properties. This radiation can destroy such bacteria as B.
typhosus, B. coli, and B. cholera in a few seconds. These rays are used
in the treatment of various skin diseases such as lupus (a tubercular dis-
case of the skin) (Fig. 230). Since they can injure healthy tissue, it is es-
sential that the skin and eyes be protected from such radiations. Some
mercury and carbon lamps are dangerous and should be used only upon
the recommendation of a physician, but in most sun lamps the dangerous
rays do not escape through the glass shield. Within the past few years,
various types of glass have been produced which permit the passage of the
harmless ultraviolet. Some of these glasses are Corex and Vita Glass.

A very important use of the ultraviolet is in the study of the fluores-
cence of rocks. As has been stated in Chapter 9 many rocks glow with
interesting colors under ultraviolet rays. Zinc sulfide glows with a beau-
tiful green and fluorite becomes a brilliant purple.

PoLARIZED LiGHT

For many years, scientists have believed that light waves are trans-
verse. This means that the vibrations of the medium are perpendicular to
the direction of motion of the wave. If this is true, the wave can be polar-_
ized, i.e., have vibrations in only one plane. The usual demonstration ex-
periment is a rope passing through a series of picket fences (Fig. 231).
If the pickets are upright, each vibration in a vertical direction can pro-
ceed through pickets. The wave between the two fences lies in one plane
and is polarized. If the pickets of the third fence are horizontal, these

Fic. 229. (Left) Ultraviolet rays used in producing sunburn and tan. (Courtesy,
Hanovia Chemical and Mfg. Co.)

Fic. 230, (Right) The use of short ultraviolet rays in the treatment of skin dis-
eases. (Courtesy, Hanovia Chemical and Mfg. Co.)



360 ENERGY MANIFESTED AS LIGHT

Fic. 231. A drawing of the rope analogy to polarized light. (Courtesy, Journal of the
Franklin Institute.)

vibrations are stopped and no wave passes through. We must remember

that we have no definite proof that light travels in a wave motion. Never-

theless, it has long been known that two pieces of the transparent mineral

Fic. 232, Polaroid plates crossed to show extinction of light. (Courtesy, Welch
Scientific Co.)
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Fie. 233. Sketch showing the method of installing Polaroid in automobiles. The arrows
indicate the polarizing directions. (Courtesy, Polaroid Corp.)

tourmaline, if placed in a certain position relative to cach other, could
prevent light from passing through. Up to 1930, polarized light was a
laboratory curiosity.

For many ycars scientists had known that the solution of the head-
light glare problem lay in the usc of polarized light. In 1930, Edwin
Land invented a material called Polaroid. It consists of ccllulose acetate
(ccllophane) in which are cmbedded millions of submicroscopic, necdle-
like crystals of the mineral heraphathite, all lying parallel to each other.
Light passing through this material becomes polarized in one plane. One
modern form utilizes iodine atoms embedded in a plastic. Two pieces with
the polarizing directions crossed cut off the light (Fig. 232). This ma-
terial is being used for one way vision windows, for reading lamps, for
sun glasses, and for the elimination of glare from headlights. Fig. 233
shows how the material is installed in an automobile. The headlight lenses
and a portion of the windshield contain Polaroid. As two cars approach
each other, cach has clear vision of the road but the light of the approach-
ing hcadlight is ncarly cut off. There is no glare.

Modern science progresscs at a breathtaking pace. Time after time
scientific discoveries have become of great practical importance.?
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QUuESTIONS AND PROBLEMS

. What is the diffcrence between candle power and mntensity of illummnation?

. What is meant by the efficiency of a light source?

. Explain the process of taking and developing a picture.

. To what is the color of an object due?

. What causcs a rainbow?

. What is: a panchromatic film? an orthochromatic film?

. What is a diopter? A lens of 2 m. focal length has what power? Answer: % D.

. What is the illumination on a book when a 16 candle power lamp is 4 ft. away?
Answer: 1 foot candle.

9. What is meant by television?

10. Explain how the eye is corrected for errors of vision.

11. What is meant by talking movies?

12. What is the difference between direct and diffuse reflection?

13. What is monochromatic light?

14. A compound microscope has an objective of magnification 40 times and an eye-

piece of magnification 15. What is the magnification of the instrament? Answer:

600 diameters.
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VisuaL Aips

To Greater Vision, Bausch and Lomb Optical Co. Film
Three films on “Light,” Eastman Classroom Films

Torics ForR DiscussioN

Photography The Rainbow Spectacles
Color Good lighting Polaroid
Microscopes Television

EXPERIMENTS

1. A Stupy or Lenses ANp TeLescores. Find the focal lengths and powers of the two
lenses given you. Construct a telescope by using a thin lens (low power) as the
objective and a thick lens (high power) as the eyepiece.

Focus the telescope on a chalk scale on the blackboard. Keeping both eyes open,
view the scale through the telescope with one eye, and view the board with the
other. Count the number of divisions of the board scale that fit into the distance
between two lines of the telescope scale. This is a measure of the magnifying
power.

Look at objects in the room through the model telescope and describe their
appearance.

Find the magnifying power of a reading telescope.
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Use the thick lens as the magnifying glass and estimate the magnifying power
by focusing on a small square on a sheet of paper.

. A Stupy oF 1HE Process o MAKING PHoTtocraPHS. Remove the back cover of the

camera, replace it with a ground glass screen, and adjust the lens until you secure
the sharpest image. Examine variations in the image when the stop is opened and
closed. Replace the back cover, inscrt the film or plate, and take photographs. If
the day is dull, use a time exposure or a photoflash lamp. (In this case, it will be
necessary to have the camera mounted on a tripod or table.) If the day is sunny,
make snap shots, using different stops. Make exposures facing the sun as well as
in the opposite direction.

Make up two solutions, onc for developing, and the other for fixing. As a de-

veloper use any standard developing powder or liquid and prepare the solution
according to the directions on the container. Use any standard fixer and follow
directions for the preparation of this solution. In a dark room, place the exposed
film in the developer and, being careful not to touch the dull surface with the
fingers, allow it to remain until the image begins to penetrate through to the
back (shiny surface). Remove and wash in running water. Place the negative in
the fixing bath and allow it to remain until all white material has disappeared.
Wash for 10 minutes in running water. If time is limited, use alcohol as a final
wash. Allow the negative to dry and make a print according to the directions on the
package.
Tue Compounp Microscore. Examine the microscope before making any adjust-
ments. You will find that the objective lens is marked with the magnifying power
and 'the numerical aperture number. The eyepiece tube is also marked with the
magnifying power. The product of the two magnifying powers is the magnifying
power of the lens combination.

Next, insert a microscope slide, for example, an amocba, on the table and rack
the microscope down carcfully, watching the lens to sce that it does not touch the
slide and break it. When the objective is close to the slide, begin to rack the tube
upward and look through the microscope. When the object comes into view, use
the slow motion rack to complete the adjustment.

If you usc the 4 mm. objective, you will need to be careful to rack slowly, since
the distance of the lens from the slide is about 4 mm. (about 3§ in.). After you
arc fanmbar with the adjustment, use a millimeter scale on the stage and, using
both cyes, view the scale in the microscope and the scale outside at the same time.
Measure the magnification. (For this cxperiment, use the 16 mm. objective.)

Make a photomicrograph of the amoeba, using the camera in conjunction with
the compound microscope.

Examine the colors of shells and soap bubbles.

Look at a bright light through ncarly closed fingers. The lines are due to diffrac-
tion.

A method is now available for developing color films at home. The directions can
be sccured from the manufacturer.

Use a diffraction grating to examine the light of a neon bulb.
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Too like the lightning, which doth cease to be
Ere one can say it lightens.
—SHAKESPEARE

It is quite probable that of all types of energy, electrical encrgy has
contributed most to the progress and convenience of mankind. Although
we live in an electrical age—riding on electric trains, warmed by electric
heaters, talking by means of the telephone, seeing by tclevision—few per-
sons know anything about the fundamental principles governing this
great servant to the human race. In the past 40 years, we have progressed
from oil lamps to tungsten gas-filled bulbs and fluorescent lamnps, from
horse drawn vehicles to automobiles made possible by spark coils and
storage batteries. The dentist uses an electric drill; the medical man uses
xrays and ultraviolet rays; the surgeon often uses an electric tool
(cautery) instead of a scalpel; the muezzin of a mosque calls the faithful to
prayer by a microphone and loudspcaker.

One of the rcasons for this universal use is the ease with which elec-
trical energy can be generated and transmitted. By means of generators,
transformers, and wires, the energy can be silently and cheaply distributed
to distant points. In the present chapter, we shall try to present some of
the fundamental principles so that the reader may gain some familiarity
with this form of cnergy. In the subsequent chapter, we shall describe
some of the applications of electricity in everyday life.

ErLectricaL UNirs

In beginning the study of the manifestations of clectrical energy, it
it necessary to dcfine and explain some terms that will be used. The
socket of an electric light bulb is sometimes marked 250 volts, 660 watts.
These numbers mean that the socket can be safely used on wires in which
the voltage (diffcrence of potential) does not exceed 250, and in which
the power consumption does not cxceed 660 w. Under ordinary condi-
tions, the electric wires in the housc are at a potential difference of 120 v.
The potential difference is a measure of the potential energy, somewhat as
the difference of level between the rescrvoir and faucet is a mcasure of the
potential energy of the water. By mcans of a pump (Fig. 234), water is
raised to the higher level on one side of the tank. There is a difference of
potential between A4 and B. If C is opened, water flows from 4 into B,

364
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and the pump must again raise the level in 4 if the stream of water is to
continue. In like manner, an clectron pump must maintain a difference of
potential. The agency producing this potential difference is called elec-
tromotive force. It is numcrically equal to the total maximum potential
difference of a circuit and is measured in volts. The electron pump may
be a cell, a generator, a thermocouple, or a
photocell. Electrical potential is produced
by some agency which scparates positive
and negative charges.

As the switch is turned on at the socket
in which there is a 60 w. (120 v.) lamp,
the 120 v. potential difference causes a cur-
rent of % ampere to flow through the lamp.
From this follows the definition of the watt:
a watt equals one volt X one ampere.

Because the 120 v. lamp requircs 5 amp.
to light up brilliantly, it needs a 120 v. poten-
tial difference to give the proper illumination.
A 6 v. storage battery will not light the lamp, Fic. 234. Pump is analo-
since the resistance of the lamp is too high.  gous to the cell which sets
The 60 w. (120 v.) lamp contains a fine P @ difference of potential.
tungsten filament which has a resistance of 240 ohms. These various facts
are expressed by the fundamental law of electricity discovered in 1826
by George Simon Ohm, a German scicntist. Ohm’s law states that the
current in amperes equals the emif. in volts divided by the resistance in

obms or A = o

As enunciated by Ohm, the law states that the ratio of voltage to current in a
metallic circuit is a constant, called resistance.

The terms ampere, ohm, and volt are interdependent and in order to
describe any electrical apparatus all threc must be considered. In the case
of the lamp just described, }; amp. equals 120 v. divided by 240 ohms.
Using the analogy of water, the height of the water in the standpipe
above the faucet may be compared to the emf.; the number of quarts of
water flowing out of the faucet per second is analogous to the current;
the friction of the water against the walls of the pipe bears a resemblance
to the resistance.

Let us apply the law to a problem: In the complete circuit (Fig. 235),
the cell supplies an emf. of 1.5 v. to 2 resistances of 4 and 3 ohms in series.!

The current [ = _17.5. =.21 amp.

* The internal resistance of the cell is neglected.
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If the resistances are in parallel as is the case in the electric light cir-
cuits, the 110 v. of potential diffcrence are applicd across each resistance.
In order to determine the current in each resistance, we divide the voltage
by the resistance.

In order to interpret the meaning of electrical current, we shall use
an imaginary expcriment. Let us assume that we have the power of seeing
the individual atoms of a copper wire (Fig. 236). Since the temperature
of the wire is above absolute zero, the atoms will be in vibratory motion,
jostling each other as they move about. In addition, we shall notice that
there are some free electrons in the wire, which, owing to their kinetic
energy, move about like gas molecules. These electrons collide with the

E=15

I=.21

40hms 3 ohms.
Fia. 235.

atoms and the result is a continual state of irrcgular motion. If we now
connect a dry cell or other source of potential difference to the wire, the
electrons, being negative, tend to drift toward the positive pole, since
unlike charges attract each other. This electron drift is the current. We
might define the current as the number of electrons passing a point in the
wire per second. An ampere of current is flowing when 6 X 10'* electrons
pass a point in 2 second.

An ampere is defined in practice as that current which will deposit .001118 Gm.
of silver per sec. in an electrolytic cell. We determine the presence of a current by
such effects as heating, electrolysis, magnetism, or muscular shock.

An electric current may be causcd by a motion of electrons through
a wire, by groups of electrons and positive ions meeting each other as in
a lightning flash, by the motion of positive ions and negative ions through
a liquid as in electrolysis, or by electrons moving in the vacuum space of
an electronic tube.

As an analogy to electrical current, we might consider the current in
a stream of water. By current we mean the number of gallons of water
passing a point each second. If there are no tributaries, the same amount of
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Fic. 236. Conduction. Black discs represent atoms. Hollow circles represent electrons.

water will pass all points of the stream each second. Likewisc, the current
in a series circuit is the same at all points. The current flows in a stream
because the source is at a higher level than the mouth. The friction of the
banks and bed is analogous to clectrical resistance.

When the copper wire is replaced by an iron wirc of the same size,
the number of electrons passing a point in the wire each second will be
less, although the potential difference remains the same. Apparently, there
is more hindrance to electron motion in the iron wire than in the copper
one. Resistance is the mcasure of bindrance that materials offer to the pas-
sage of electrical current. The unit of resistance is the ohm.

The ohm is defined as the resistance of a column of mercury 106.3 cm. long and
1 sq. mm. cross-scction at a temperature of 0° C.

As we measure the resistance of various metals of the same size and
length, we find that some metals, such as silver and copper, have a low
resistance (they arc good conductors of electricity), while other metals,
such as iron, nickel, and many alloys, have high resistances. The high
resistance of these imaterials is utilized in the manufacture of heating de-
vices, such as the flat iron and the toaster. In the average toaster, an elec-
trical current of 5 amp. at a potential difference of 120 v. flows through
the coils. The power utilized by such a toaster is 600 w. By comparison,
the power of a flat iron is 550 w., of a space heater 1,000 w., and of the
average radio about 100 w.

The amount of heat generated per sccond dcpends both on the current
and on the resistance. The number of calories per sec. = 0.24/*R. I is the
current in amperes and R is the resistance in ohms. In the toaster just
described, calories per sec. = 0.24 X §* X 24 = 144.

Enercy. We pay for the clectrical energy used in the home. This
energy is expressed by the units watt-hour, and kilowatt-bour. A 60 w.
lamp burning for 1 hr. uscs 60 whr. of energy. If it burns for 10 hr., it
uses 600 whr. or 0.6 kilowatt-hour (abbreviated to kwhr.). On our light-
ing bill, the cost is calculated per kilowatt-hour. For example, at a rate of
10¢ per kwhr., it will cost 30¢ to burn a 60 w. lamp for 50 hr., 3 kwhr.
having been used.

Fuses. Referring again to Ohm’s law, we note that, for constant volt-
age, as the resistance is decreased the current increases. Should the two
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Table 28

Power oF SomME CoMMoON DEVICES*
Electric iron . 550 watts
Toaster. ... .. 500
‘Wiashing machine 300 ¢
Electric range. .. .| 3,000
Water heater. . ... . 2,500 «
Average radio . 100
Refrigerator . 200 «

* These arc average values.

terminals of a socket be connected (short circuited) by a wire of low
resistance instead of a lamp, or should the two terminals of an extension
cord touch in the plug or along the cord, a large current would flow and
might damage the house wiring. In order to prevent such injury, fuses
are placed in a fuse box in the circuit. This fuse is a piece of lead wire so
madc that the wire melts when the current exceeds a certain safe value.
Since this is a safcty device, ncither pennies nor copper wires should re-
place the fuse plugs. Disregard of this precaution may causc fire or scrious
damage. On the other hand, therc is no causc for alarm if the fuse does
melt, since the circuit has been broken and no further damage will result.

SAFETY PRECAUTIONS

Persons who are ignorant of the principles of electricity are likely to
be cither of two types: timid and afraid of electrical apparatus or bold and
carcless. It is important to understand that if certain principles arc ob-
served, house wiring is not dangerous. The potential difference of 120 v.
is usually harmless to the body because of the high resistance of the skin
when dry. The resistance betwcen dry hands averages about 30,000
ohms. If we divide 120 by 30,000, we find that only a small current
(0.004 amp.) will flow through the body even though one wire is in each
hand. The only effect will be an unpleasant shock. It is known that a
dangerous body current is about 0.1 amp. The current is the factor that
causes injury. Such newspaper statements as “2,000 volts coursed through
the body” are unscientific.

However, should a person standing on a wet floor or sitting in a bath-
tub grasp a poorly protected socket, a large current might travel from
the hand through the body to the ground (Fig. 237), because of the low
resistance of the wet body. This would cause serious shock.? For this
reason, sockets should never be placed in a bathroom near the tub. A
person using an electric washing machinc on a cement floor should exercise

? Electrical shock stops respiration. For this reason, artificial resuscitation is used.
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great care that the wires are well insulated. A well-made socket is not a
source of danger, but worn and inferior sockets are often not well pro-
tected and should be replaced. Because of the low resistance of the skin
of children, they should be taught to avoid playing with electrical devices.

Fic. 237. The drawing illustrates one
hand touching an electric light socket
while the other touches a water pipe.
This 15 dangerous as current may flow
from the socket through the body to the
ground.

Static FELECTRICITY

On p. 189, the experiment of rubbing a hard rubber rod with fur is
described. As the fur is rubbed over the surface of the rubber or amber,
some of the electrons will be removed from the fur and will cling to the
rubber surface, thus giving the rubber molecules more than the normal
number of electrons. This means that the rubber has a negative charge.
The fur, having lost some of its electrons, is left positively charged. The
charges held on insulators, such as rubber, fur, glass, sulfur, and amber
are called static or stationary charges. These charges were studied in very
carly times. We have many examples of static charges. The body can be
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charged by walking over a woolen rug. Upon touching a doorknob, a
spark will jump between hand and knob. Cleopatra is said to have re-
marked that amber beads attracted the silk threads of her gown. Other
examples are charged thunderclouds and the charge of the electric eel. The
condensers® used in a radio set also store static charges. Benjamin Franklin
(Fig. 238) studied these static charges in large quantities. In order to prove
that the electricity of the lightning flash was of the same type as the elec-

Fic. 238. Benjamin Franklin (1706-1790).
Statesman, philosopher, and scientist. Studied
electricity; mvented the lightning rod. (Cour-
tesy, Science Service.)

trical charge of the rubber rod, he flew a kite into a thunderstorm cloud
and collected static charges from the cloud. These charges had exactly
the same properties as the well-known static charges. Franklin took a great
risk, as we now know, since a discharge from a cloud might have caused his
death. A Russian scientist was killed while repeating the experiment.

In contrast to the insulators, there is another class of materials, prin-
cipally the metals, upon which the charges will not remain. If a copper
rod is held in the hand and rubbed with fur, no charge will be found. Such
substances are called conductors. While studying these materials, Volta, an
Italian scientist, placed a copper coin and a gold coin on his tongue and

*A condenser is a device consisting of metal surfaces separated by insulators
called dielectrics.
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touched the edges of two coins together. The result was a feeble shock.
Following this, he built a pile of plates, alternately zinc and copper, sepa-
rated by a cloth soaked in salt water. He found that he could produce
electrical charges from the plates and that, by connecting the outside
plates, one zinc and the other copper, by a wire, a spark was formed and
the wire became hot. Here was the first device for producing a continuous
stream of electrons in a wire, an electric current.

One can also show the presence of an
electric current by holding a charged rub-
ber rod near the car or finger. The resulting
spark is a flow of electrons to the body.

Tue Dry CrLL

This cell, called “dry” because it is sealed
so that the paste cannot escape, is a type of
electron pump (Fig. 239). A zinc cup is filled
with ammonium chloride (sal ammoniac)
paste. In the center of the cup is a carbon rod.
The ammonium chloride dissociates into ions
(scc p. 208) and, as a result of this dissociation,
the carbon rod acquires a positive charge

Paste of
NH,C1
MnG, and
Absorbent

Fic. 239. The dry cell.

(loses clectrons) and the zinc cup acquires
a negative charge (gains clectrons). An emf.
of 1.5 v. is set up in the ccll. When the cell

(Courtesy, “Foley's College
Physics,” Philadelphia, The
Blakiston Company.)

is in use, the zinc is changed by chemical action into zinc chloride. When
the zinc is cxhausted, the cell is worn out and must be discarded. Such
a cell is useful in apparatus where electrical current is nceded for a short
time, such as the flashlight or doorbell. The dry cell transforms chemical
energy into electrical energy.

THE Storace CrLL

Storage cells are secondary cells. This mecans that an electric current
transforming electrical energy into chemical energy must first be passed
through the cell. This opcration is called charging. The cell will then
have a potential difference and can act as a source of clectrical energy.
One type of storage cell (Fig. 240), consists of lead plates separated by
insulators of wood or porous rubber. The electrolyte is dilute sulfuric
acid. In order to charge this cell, it is connected to a source of direct cur-
rent having a potential difference somewhat greater than the potential
difference of the charged cell. As the current flows through the cell, the
electrical energy supplicd is transformed into chemical encrgy. Alternate
plates become coated with brown lead peroxide (PbO.) and have a posi-
tive charge. The other plates form spongy lcad and have a negative charge.
There is usually one more negative plate than positive plate in the cell.
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For example, an 11 plate cell consists of six negative and five positive
plates. Three such cells compose the ordinary 6 v. storage battery. The
degree of charge is indicated by the specific gravity of the solution. A
fully charged cell has a specific gravity of about 1.28. A storage cell, when
properly discharged, may fall to 1.18 without injury.

Storage batteries should have good care. Distilled water should be
added when necessary in order that the liquid covers the plates. The cells
should not be allowed to stand in a discharged condition. In starting an
automobile, a very large current (about 100 amp.) is drawn from the bat-
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Fic. 240. A storae cell. (Courtesy, The Electric Storage
Battery Co.)

tery for a short time. This current heats and warps the plates and may
ruin the battery if the starter is used for more than a few seconds.

Another common cell in use is the Edison type. In this cell, we have
iron oxide and nickel hydrate in a solution of potassium hydroxide.

LicHTNING

As raindrops fall through the air, they acquire positive and negative
charges due to the electrical field of the atmosphere. If these drops are
driven upward by the rush of air, small negatively charged drops are
broken off from the heavy positively charged drops. The negative drops
form the top of the thunderstorm cloud and the heavy drops accumulate
at the base of the cloud.

The result is a double cloud layer or separate clouds, the lower part
containing a positive electrical charge and the upper part a negative charge
(Fig. 241). Thus, a rapid uprush of air is essential to the production of
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the electricity of a thunderstorm. Since a thunder cloud is caused by a
very rapid evaporation of water and a subscquent accumulation of water
droplets, the accompanying charge produces the lightning flash. Most
lightning discharges take place from one part of a cloud to the other part
or to an adjacent cloud of opposite charge. If the upper cloud rises to a
great height, the discharge may take place between the lower cldud and
the earth, which has accumulated a large negative charge underneath the
cloud. (Occasionally the lower cloud has a negative charge.) The Empire
State Building in New York City is struck many times cach year. The
discharge flows to the ground and does no harm to the building.
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Fig. 241. Conditions which produce a hight-
ning discharge. The lower cloud is positive and
the upper ncgative. The ground, tree, and
building have an induced negative charge. The

discharge may take place either between the
two clouds or between the cloud and building.

In order that a discharge may pass, the air must contain ions. One of
the most difficult problems in the study of lightning is to account for
enough ions to pass a flash several miles long. To produce these flashes, the
potential difference between cloud and earth is of the order of millions of
volts. A lightning discharge lasts for a time estimated to be from 0.002
to 1 sec, The current may be as great as 100,000 amp. (Fig. 242).

Most types of lightning are not well understood. Ball lightning has not
reccived a satisfactory explanation and indeed many scientists doubt its
existence. Sheet lightning is light reflected from distant clouds where
flashes are occurring. The thunder which accompanies lightning has had
many explanations, most of them ridiculous. The thunder is the noise
caused by the compressional wave sent out by the rapidly heated air
through which the discharge passes. The air expands, thercby causing an
explosion. A good example is the explosion of a firecracker. When the
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Fic. 242, A lightning flash. (Courtesy, Bowden: “Foundations of Science,” Philadelphia,
The Blakiston Company.)

powder in the cracker burns, gases are formed which expand rapidly,
blowing the paper container to bits. As as result, a wave travels out
through the air and upon striking the ear gives us the noise.

Lightning rods have been the subject of much controversy. It is well
established that they are of value only if they are carefully set up. A rod
should be made of a good conductor and should have one end well con-
nected to damp earth. Much of our modern information about the protec-
tive devices has been gained by the investigations of the General Electric
Co., which has produced experimental flashes in the laboratory at a po-
tential difference of 10 million volts. Some of the discharges were 60 ft.
long (Fig. 243).

The lightning rod is valuable in that it has a pointed tip. From this
pointed tip, the electrons from house and earth leak into the air, thus
reducing the charge and the potential difference between the building and
the cloud. In effect, we have a silent discharge, flowing into the air, which
prevents the destructive heavy current of the flash. Nevertheless, because



Fie. 243. A 10 million volt lightning flash. (Courtesy. General Electric Co.)

Fic. 244. The aurora borealis of August 12, 1919, as seen at Ogunquit, Maine.
(Painting by Howard Butler Russell. Courtesy, American Museum of Natural His-
tory, New York.)

-
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our knowledge of lightning is still incomplete, the presence of a lightning
rod does not always make a building secure.

"RULES FOR PERSONAL SAFETY
If possible, one should stay indoors where it is dry, away from chimneys, stoves,
and metal objects.

In case one is caught out of doors, he should seek shelter in a deep valley, at the
foot of a steep cliff, or in a dense grove of trees. An isolated tree is very dangerous.

AURORA

Another type of atmospheric electrical discharge is the aurora, called
in the northern hemisphere the “Northern Lights.” This is a peculiar glow
in the region of the north and south magnctic poles, although the illumi-
nation is sometimes visible over a great part of the earth. The aurora re-
sembles a curtain of light waving in the breeze (Fig. 244). The curtain is
often curved like a horseshoe. Many colors of the spectrum are present
although a greenish tint predominates. The spectrum is partly due to
oxygen and nitrogen. One explanation is that the light is caused by ultra-
violet rays shot out from the sun during a period of sunspots. These in-
visible rays ionize the air molecules and the ionized particles produce the
aurora. Others believe that the electrons coming from the sun ionize the
earth’s atmosphere. The explorer MacMillan
relates that as he travelled northward over
the magnetic pole which is located in Baffin
Land, the aurora was like a curtain of light
through which he passed as he went forward.

MAGNETISM

Magnetism was known in very early
times. It is related that a shepherd named
Magnus in Asia Minor accidentally found
that a certain rock attracted his iron staff.
The use of the compass is also mentioned
in Chinese literature. Early peoples believed
that certain magnetic mountains had the
power of pulling the nails from the hull of
any ship that sailed too close to the shore. Such a mountain is mentioned
in the Arabian Nights. We now know this rock as magnetite or loadstone.
It is an iron ore, an oxide (FeO-Fe,0;). This rock is weakly magnetic
(Fig. 245).

It was later found that the metals iron, nickel, cobalt, and some of their
alloys had the power of acquiring a magnetic property and thus attracting
other pieces of magnetic materials. Modern research has shown that some

Fic. 245. Loadstone.
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of these alloys produce very strong magnets. Such materials are used for
wrapping ocean cables and for the magnets of radio speakers. Every child
is familiar with the fact that a bar of magnetized steel will attract pieces
of iron. Few persons realize that a complete explanation of this simple
experiment involves a knowledge of the internal structure of magnetic
materials that we do not yct posscss. Magnetism is a very mysterious
phenomenon.

It has long been known that the earth is a magnet (Fig. 246). It be-
haves as if a long bar magnet about 4,000 miles long were inscrted in the
centrosphere. Because we believe the earth to be intenscly hot at the
center, this simple explanation is not satisfactory, especially since red-hot
iron is very weakly magnetic (paramagnetic). Perhaps currents of elec-
tricity traveling around the carth make the earth a magnet. Whatever the
cause, the earth’s magnetism makes possible the magnctic compass, which
has guided man over the earth for centuries. A compass is a tiny magnet
pivoted at the center. It points to the magnetic poles in the carth. Since

So Called —North Geographic
North Magnetic \Dole y'd Pole
7/ ~ <
LI\
. y N
1% \ $

= N
ouﬂkMagnetic Pole
LSouth Geographic Pole

Fic. 246. If there were a huge magnet (N-S) buricd in the earth, it would produce
a magnetic ficld roughly similar to the carth’s actual field. It is certain that no such
magnet cxists, but it 15 convenient to imagme it. Its N-pole is shown larger than its
S-pole, because the lines of force in the southern hemisphere are more widely dis-
tributed than those in the northern hemisphere. (Courtesy, “Foley’s College Physics,”
Philadclphia, The Blakiston Company.)
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these poles do not coincide with the geographic poles, a correction must
be made by a mariner if he wishes to determine geographic north. The
magnetic compass has been used recently to explode mines. The approach
of a metal ship causes the needle to make an clectrical contact in the
bomb. Magnetic compasses are not very satisfactory when used in steel
ships and in airplancs.

In modern times, the magnetic compass
has been replaced largcly by the gyroscopic
compass (Fig. 247). This does not depend
on the carth’s magnetic property. From it
one can determinc geographic north.

ELECTROMAGNETISM

e In 1819, a Danish scientist named Qer-

Fic. 247. The gyroscope. (Cour-  Sted discovered while lecturing to his class

tesy, Welch Mfg. Company.) that a wire carrying a current had mag-

nctic properties. Fig. 248 illustrates the ex-

periment. The magnctic needle is placed under the wire. When current

flows in the wire, the needle deflects because of the magnetism produced

by the current. This important discovery gave the first clue to the mecan-
ing of magnctism.

As an interesting demonstration of the Oersted experiment, hold a long wire in
a North-South dircction about 1 in. above a compass needle. As a current of about
10 amp. is passed through the wire, the needle turns until 1t makes an angle with the
wire. If the wire is now placed under the ncedle, the needle will reverse its direction.

‘We now believe that certain motions of electrons in the atoms produce
magnetic properties. Since only iron, nickel, cobalt, and some alloys are
strongly magnetic, it is probable that groups of atoms in these metals act
as units giving the metals their property. Certain groupings are esscntial.

Fig. 249 (A) and (B) represents graphically a bar of iron with these
discretc groups of atoms. We note that the magnetic dircctions of the
groups are not uniform. As we apply a magnetic force to thesc groups,
the magnctic polcs of the groups tend to become organized. There is prob-
ably no actual readjustment of thc atoms. Such motions would break up

Fic. 248. The Oersted experiment. (Courtesy, Bowden: “Foundations of Science,”
Philadelphia, The Blakiston Company.)
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the metal. There is a change in magnctic property but not in structure.
(Perhaps spinning electrons influence magnetic properties.)

After the discovery of Oersted, men wound coils of wire on iron bars
(Fig. 250), producing the electromagnet, one of the most uscful tools in
electricity. They are used in telephone receivers, loudspeakers, telegraph
soundcrs, and clectric bells. The surgeon uses an clectromagnet to cxtract
particles of iron from the eye.

Although there is a great gap between the tiny horseshoe magnet and
the powerful magnets of the stccl mill, we now know that the ecssential
cause of magnetism is the electrons moving within the atoms of the metal.

On p. 10, it was noted that Hale discovered that sun-spots acted like
huge magnets. He assumed that this magnctic property was due to the

—

Fic. 249. (A) A magnetic material in the un-

magnetized condition. (B) The same bar in a

magnctized condition. This sketch is based on

theory and may not represent actual conditions

in the metal. (Courtesy, “Foley’s College

Physics,” Philadelphia, The Blakiston Com-

pany.)
motion of an enormous number of electrons whirling about in the
sun-spot.

Alternating Current

Up to this point, we have described a current of electricity as though
the electrons always moved in one direction. However, most of our domes-
tic sources of current use the alternating type. In this type, each pole
of the generator is altcrnately positive and negative so that the clectrons
oscillate back and forth. Because the transformer operates with altcrnat-
ing current, as will be shown in the next chapter, this type is used gen-
erally in our lighting systems. The current reverses many times each
second and is described as a 25, 40, or 60 cycle. Much of the apparatus
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Fic. 250. A simple elcctromagnet. (Courtesy, Bowden: “Foundations of Science,
Philadelphia, The Blakiston Company.)
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to be described in the following chapter is of the alternating current type.
A 60 cycle current means that the current flows in one direction for /20
scc. and in the opposite direction for 424 sec.

T bermions

A thermion is an clectron which is produced by the action of heat.
Such production is called thermionic emission. Were we able to sec the
particles in the interior of a lighted electric light bulb, we would find that
the bulb contains many electrons which have “boiled” out of the white-hot
tungsten filament. Likewisc, when the filament of an clectronic tube is
glowing, electrons are in the bulb.

The basic principle of thermions was discovered by Thomas Edison
while studying lamp filaments. He built a special electric lamp in which
was inserted a platinum electrode having no internal connection to the
filament. He found that clectrons flowed from the filament to the electrode
when the latter was connected to the positive pole of the battery. This was
the predecessor of the modern radio tube (see p. 398).
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QuEsTIONS AND PROBLEMS

1. What is the cause of the earth’s magnetism?
2. How could you prove the earth to be a magnet?
3. What 1s the difference between static and current electricity?
4. Why do gasoline trucks often drag a chain?
5. Explain the operation of a lightning rod.
6. Explain the difference between the action of a storage battery and a dry cell.
7. A lamp is marked 25 w. 120 v. Explain what is meant.
8. A 6 v. storage battery is connected to a 30 ohm lamp. What current will flow?
Answer. 0.2 amp.
9. What 1s the meaning of the term ampere?
10. What is: an insulator? a conductor?
11. Why not light the house with the automobile battery?
12. What is: a watt? a kilowatt-hour?
13. What causcs thunder?
14. \What 1s the cause of lightning?
15. What is the cause of the aurora?
16. For how many hours can we operate a toaster for the cost of 20¢? (In the caleu-
lation use the rate in your locality.)
17. Calculate the cost of operating a flat-iron for 10 hrs. if the rate is 10¢ per kwhr.
Answer: 55 cents.
18. If the 120 v. socket is “shorted” by a wire of ¥4y ohm resitance, what will be the
current? Answer: 1200 amp.
19. Where is the safest location when hightning discharges are occurring?

VisuaL AIp

“Zeus,” Genceral Flectric Co. film on lightning

Topics ¥or DiscussioN

Boxing a Compass The Atlantic Cable Permalloy
Aurora Boreahs Ball Lightning The Gyrostatic Compass
ExPERIMENTS

1. Connect a dry cell, a rheostat (resistance), a key, and an ammeter in series. Read
the ammeter. Vary the rheostat and note the effect on the ammeter reading. Does
vour result agree with Ohin’s Law?

2. Connect a dry cell to a voltmeter. Read the potential difference.

3. Conncct a cell, an ammeter, a key, and a rheostat in series and connect the voltmeter
dirceetly to the cell. Record the potential difference and the current for three values
of the resistance. From the readings, calculate the values of the resistances by means
of Ohm’s Law.

4. Connect a cell, a key, an ammeter, and two resistances in scrics. Adjust the rheostats

to one of the positions used in cxperiment 3 and note the effect on the current.

Using a lamp bank connccted to the lighting circuit, connect an ammcter and a

voltmeter to the circuit. Read the potential difference and the current through the

lamp. Compute the resistance of the lamp. Repeat with two lamps in parallel. Use

a toaster or iron. Calculate the watts for both the lamps and toaster.

6. Cut a dry cell in half and examine its structure.

wn
.
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7. Examine the plates of a discarded storage cell.

8. Cover a bar magnet with a sheet of paper and dust iron filings over the paper. The
arrangement of the filings illustrates a magnetic field. Repeat the experiment with
a horseshoe magnet. (If blueprint paper is available, make a permanent record of
the filings.)

Note: Have the instructor check each wiring arrangement before you press

the key. This precaution will prevent damage to the meters in case there is a short
circuit.



26. ELECTRICITY IN OUR DAILY LIFE

Electricity, carrier of light and power, devourer of time and space, bearer
of buman speech over land and sea, greatest servant of man.
—CHarres EvLior

In the previous chapter, various fundamental principles of electricity
were interpreted and a few pieces of electrical apparatus were described.
We shall now describe some of the more modern methods for the produc-
tion and utilization of electrical energy. Because a complete explanation of
modern motors and generators belongs in a text in electrical engineering,
it will be necessary to describe such machinery very briefly. There are
many excellent texts to which the interested reader can turn for a more
detailed description. ’

Fic. 251. A commercial electromagnet. 4, B, and C are pole pieces. (Courtesy, Central
Scientific Company.)
IR
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Historically, modern electrical engincering may be said to have begun
with the discovery by Oersted that a wire carrying a current of clectricity
acts like a magnet (see p. 378). Electrons in motion produce magnetic
fields. As has been said, Ocrsted held a wire, through which a current was
flowing, over a compass needle and found that the wire had the properties
of a magnet. The magnetic effect became stronger as the current was in-
creased. If we bend the wire into a circle, the magnetic ficld will be
strongest at the center. To further increase the strength of the field, we
may wind a coil of many turns. With such a coil, a small current will pro-
duce a strong magnetic field. We may state this morc accurately by saying
that the field strength depcnds upon the
number of turns and the number of amperes
flowing in the coil. If the turns arc distrib-
uted in the form of a spiral or helix, we have
a coil having poles likc a bar magnet. If, in
addition, we place inside the coil a bar of
soft iron, we have an clectromagnet which is
much more effcctive than a bar magnet (Fig.
251). The great advantage of such a magnet
is that the magnetic property disappears
when the current is turned off, since soft iron
does not retain strong magnetism after the
current has stopped. Some of the common
uses for the electromagnet are in doorbells,
in telegraph sounders, in lifting magnets, in

Fic. 252. The elcctric bell.  Surgical magnets, in automobile horns, in
motors, in gencrators, and in transformers.

The doorbell has an electromagnet bent in the form of a U (Fig. 252).
A bar of soft iron (B) is hinged above the magnet, being held in place by
a spring. When the push button on the door is pressed, the circuit is com-
pleted and the magnet (E) attracts the bar (B). As the bar moves toward
the magnet, it strikes the bell and at the same time the circuit is broken
at P. The bar now flies back, closcs the circuit, and is again pulled toward
the magnet. The process continues as long as the push button is pressed.

In 1831, Michael Faraday (Figs. 253 and 254) madc the very impor-
tant discovery which made possible all of our present clectric age. Inas-
much as Oersted had found that an electric current (clectrons in motion)
could produce a magnetic field, Faraday reasoned that, in some way,
magnetism ought to produce electricity. In the course of his experimenta-
tion, he found that when a circle of wirc was moved back and forth be-
tween the poles of a horseshoc magnet, a current flowed in the wirc as
long as the wire was moving (Fig. 255). While the wirc was being pushed
in, a current flowed in onc direction. When the wire was being pulled
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Fie. 253. Michael Faraday (1791-

1867). One of the greatest of scientists.
Discovered the laws of electrolysis, of
induced currents, and of the relations of
magnetism and light. (Courtesy, “Hackh’s
Chemical Dictionary,” Philadelphia, The
- Blakiston Company.)

Fic. 254. Faraday lecturing to the Royal Society. (Courtesy, Central Scientific Co.)



386 ELECTRICITY IN OUR DAILY LIFE

out, a current flowed in the reverse direction. He also noted that there
was no current in the wire when there was no motion. In order to ob-
serve the current, he connected the wire to a current-measuring instru-
ment called a galvanometer. In the drawing, it will be noticed that with
the north pole of the magnet underneath the wire, a motion of the wire
inward causes a current to flow toward the right. When the wire is

S

——s

e

Fic. 255. N and S represent the poles of the
horseshoe magnet. G is the galvanometer.

pulled out, a current flows to the left. If a coil of wire and a bar magnet
are used as shown in Fig. 256, the same effects are observed. When the
magnet is thrust into the coil, the galvanometer coil moves in one direc-
tion. If the magnet is pulled out, the coil of the galvanometer moves in
the reverse direction. The motion of the magnet in and out causes a cur-
rent to flow in two directions, thus constituting a cycle. As we have
stated in the preceding chapter, this is called an alternating current.

Fie. 256. A current induced by means of a bar magnet. Motion of the bar magnet
to and fro induced an alternating current in the coil.
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F1e. 257. Induced currents. The secondary coil is connected to the galvanometer.
The primary coil is connected in series with a dry cell and a key. At the instant the
key is pressed and released, a momentary current flows in the galvanometer.

If an electromagnet is used instead of the bar magnet, we get the same
result. Moreover, a varying current in the electromagnet is just as effec-
tive as a moving magnet. The transformer utilizes this principle (Fig. 257).

A valuable method for the study of electromagnetic induction is to perform the
experiments described below in the following order: Initially, thrust a straight wire
which is connected to a galvanometer between the poles of a horseshoe magnet and
note the deflection. Next, coil the long wire into a helix and thrust the bar magnet
mto the coil. Reverse the magnet and repeat.

Replace the bar magnet by an electromagnet. Open and close the circuit in the
electromagnet.

It is hard for us to realize in these modern days that commercial elec-
tricity was unknown until about 1880. Before this time, only chemical
batteries were available. Experimentation in electricity was slow for
many years until stimulated by the demand for electric lighting. Although
Michael Faraday in England and Joseph Henry in the United States dis-
covered the fundamental principle of the generator, other inventors made
the machine practicable. In the year 1860, only copper bars were avail-
able, copper wire being unknown. The copper bars were wound with
strips of cotton cloth for insulation. The first generator made in the
United States was constructed of these hand-insulated bars.

THE TRANSFORMER

In most forms of this machine (Fig. 258), two entirely separate coils
of wire, one called the primary and the other the secondary, are wound
on a common iron core. As the alternating current flows in the primary,
an alternating current of the same frequency (cycles per second) is
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produced (induced) in the secondary. It is not necessary that the cur-
rent in the primary be alternating as long as it is varying. An example
of this is the induction coil.

IRON CORE

PRIMARY
240 VOLTS

SECONDARY
1200 VOLTS

Fic. 258. Sketch of a transformer.

Since the transformer is a machine, we shall discuss it in terms of
power. For an efficiency of 100 per cent, the watts output at the sec-
ondary would equal the watts input
at the primary, or, in other words, the
volts times the amperes in the primary
would equal the volts times the am-
peres in the secondary. It will be noted
that in Fig. 258 the number of turns
of wire on the secondary is 5 times the
aumber of turns on the primary. This
means that 240 v. on the primary pro-
duce 1,200 v. on the secondary.

Turns primary Volts primary
Turns secondary — Volts secondary

If the transformer is a 12,000 w.
machine, the maximum safe current
will be 12,000/240 or 50 amp. In the
secondary, the maximum safe current
would be 12,000/1,200 or 10 amp.

- Such a transformer is said to be of
g the step-up type. (Actually, the effi-
Fic. 259, A o . clilency is about 98 p;:lr cent, so tﬁat

16. 259. A commercial transformer.  the watts output will be somewhat

I(’Eno)"lstesy’ General Electric Com-  1ocs than the u?atts input.) Because of
the fact that a transformer is a machine
that has no moving parts, it is one of the most efficient of all machines.

There are many applications of the transformer principle. The power
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2200 VOLT LINE FROM
SUBSTATION

STEP DOWN
TRANSFORMER

LOW VOLTAGE LINE TO
HOUSES AND SHOPS

K i
TS
HOVOLTS 220 vours

NEUTRAL WIRE

()
1o V‘OLTS

F1e. 260. A step-down transformer. (Courtesy, Heil: “The Physical World,” Phila-
delphia, The Blakiston Company.)

company often wishes to step-up the voltage so as to transmit power
economically over long distances. Large transformers (Fig. 259) designed
for this purpose are familiar sights at power stations and along electric
railways. In the high tension wires, which are supported on tall towers,
the potential difference may be as high as 250,000 v. The higher the volt-
age for a given power distribution, the smaller the current. In conse-
quence, the heat loss is less and greater economy results. The upper limit
to the usable voltage is set by the insulators and supports. With very high
voltage, a corona discharge! takes place through the air, thereby causing
a loss of power.

One very important use for the transformer is in house lighting. The
potential difference between the wires on the street poles is several thou-
sand volts. Since this voltage would be dangerous in the house, a trans-
former is hung on the pole near the house (Fig. 260) and the potential
difference is stepped down to 110 v. or, in some cases, to 220 v. Toy
transformers transform 110 v. to 6 v. or less.

Transformers are also used on radio sets. Here, they are employed
to increase the voltage, or current, or both. The frequency of the alter-
nating current determines the type of transformer used. If the number of

* Corona discharge causes the blue glow seen at night around high-tension wires.
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cycles per second is great, for example one million, the transformer usu-
ally has no iron corc. On the other hand, for a few thousand cycles per
second, iron core transformers are used. These latter ones are called audio
frequency transformers.

Many persons are puzzled by the fact that, although the primary of
a doorbell transformer is connected to the line at all times, no current flows
until the button is pushed. As long as the sccondary is an open circuit,
the transformer acts as a high resistance (technically, high imipedance)
for alternating current, so that very little current flows in the primary
coil. When the button is pushed, closing the secondary circuit, the effec-
tive impedance of the primary decreases and a larger current flows. How-
cver, because the efficiency is not 100 per cent, a small current flows in
the primary and continually heats the transformer.

The Philadclphia Electric Co., which supphes encrgy to much of
eastern Pennsylvania, generates a part of its power at the Conowingo
hydroelectrlc plant. The power is generated at approximately 13,200 v.
and is stepped-up by great transformers to 220,000 v. for the long-dis-
tance transmission lincs. The power is transmitted at this voltage over
high-tension lines to the Plymouth Mecting substation. At this point,
there are 220,000 v. connections between the Philadelphia Electric Co.
and the systems of the other power companies of the district. Part of the
power is stepped-down to 66,000 v. for distribution to Philadelphia and
the surrounding territory. At Philadelphia, the voltage is again stepped-
down to 13,200 v. for substation supply and also to 2,300 volts for the
street lines. Similarly, in the suburban territory, the voltage is stepped-
down to 33,000 for substation supply and also to 4,400 for the street lines.
For domestic use, there is a further step-down to 115 v. for safe house use.
Because of the heat loss, there is a 6 per cent loss of energy in the long
transmission system from Conowingo to Plymouth Meccting. Were it
not for the high voltage, there would be a much greater loss. On p. 367 it
was stated that the heating effect of the clectrical current is 2Rt where I
is the current, R the resistance, and ¢ the time in seconds. It is evident that
economic transportation of electric power requires that the current be as
small as possible. Hence the need for high voltage.

Were we to transmit 10,000 w. at 100 v., the current would be 100 amp. How-
ever, if the voltage is 10,000, the current is only 1 amp. Since the rate of heat loss is
IR, the loss at the low voltage of 100 is 10,000 times that at the high voltage of 10,000.

Tue GENERATOR

To produce an alternating current, a machine called a generator or
alternator is used. This is a device for converting mechanical ener
into electrical energy. Its principle is a direct application of the discovery
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of Faraday that the motion of a wire in a magnetic field produces energy
at the expense of mechanical energy. The work done in moving the wire
causes the electrons to flow in the wire. A simple generator might be
made by moving a wire back and forth, but a more desirable arrange-
ment is to rotate a coil of wire between the poles of a magnet (Fig. 261).
The coil (armature) is turned either by water power or by a steam or
gas engine. Inasmuch as only relative motion is needed, the larger gen-
erators are designed in such a way that the electromagnet (rotor) rotates
and the coils (stator) are at rest (Fig. 262). The most common frequency
is 60 cycles per sec., although 25 and 40 cycles arc used in some cases.

By a slight change in design, the generator produces direct current
(d.c.). The current output of a direct current machine flows in only one
direction in the circuit. To accomplish this, a split ring replaces the two
rings of the generator (Fig. 263).

To explain the action of a gencrator, it is necessary to introduce the
idea of lines of magnetic force. We think of the space between the poles
of the magnet as being filled with a magnetic property which we call
lines of force. When the wire is thrust in, the force lines act like rubber
bands and work is necessary to thrust them aside. This work results in

Fic. 261. (Left) Essentials of an alternating current generator, N and S represent
magnetic poles. (Courtesy, “Foley’s College Physics,” Philadelphia, The Blakiston
Company.)

Fic. 262. (Right) An alternating current generator. (Courtesy, General Electric
Company.)
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Fic. 263. (Left) Essentials of a direct current generator. N and S are poles of the
horseshoe magnet. (Courtesy, “Foley’s College Physics,” Philadelphia, The Blakiston
Company.)

Fic. 264. (Right) A direct current motor. N and S represent magnetic poles.
(Courtesy, Heil: “The Physical World,” Philadelphia, The Blakiston Company.)

electron motion in the wire. The voltage produced in the wire depends
on the speed with which we cut lines of force.

TrE ELEcTRIC MOTOR

To understand the principle underlying the motor, we must recall
the discovery of Oersted that a wire carrying a current acts like a magnet.
If we place between the poles of a horseshoc magnet a wire carrying a
current of electricity, we will have two magnets acting on cach other. As

Fic. 265. Model of the original telephone. (Courtesy, Bell Tclephone Co.)



THE TEI EPHONFE 393

a consequence, the wire will move in the field. The combination of a
magnet and a wire carrying a current constitutes a motor. In Fig. 255, if
the north pole of the magnet is underneath the wire, and if a current is
flowing toward the right, the wire will be pushed forward. Instead of a
straight wire, we usually use a coil rotating between the polcs of a mag-
net. In Fig. 264 we see that the side of the coil moving down has a cur-
rent moving into the page. The side moving up has a current moving out
from the page. This causes a rotation and, by the addition of a commu-
tator (split ring), the current can be caused to flow in such a way that
the direction of rotation of the coil is continuous. The moving coil is
called the armuature and the magnet is called the field.

Hea1i1nc APPARATUS

A very important application of electricity is its use in heating de-
vices. These picces of apparatus contain some materials of high resistance;
the flatiron and toaster contain a ribbon of the alloy chromel; the electric
range often uses a mixture of iron and carborundum. Electrical heating
devices are rather expensive to operate and at ordinary house rates usu-
ally cost more than other heating methods. Electricity at 1¢ per kwhr. has
the same heating valuc as coal at about $30.00 per ton.

THE TELEPHONE

In 1870, Alexander Graham Bell invented a device by which he was
able to transmit his voice to an adjoining room. The first historic words
were “l want you, Watson.” This first telcphone was very crude (Fig.
265) and was improved by Edison, who dcvised the modern carbon grain
transmitter.

The telephone transmitter (7°) (Fig. 266) consists of a loose mass of
granulated carbon (C) between two carbon blocks, one fixed and the
other movable and fastened to the iron diaphragm (D). The sound energy
of the voice causes the diaphragm to vibrate. This motion varies the pres-
sure on the carbon grains. As a result, the resistance of the carbon changes,
becoming lower as the pressure increases, and thus producing a varying

T

Fic. 266. Simplificd diagram of a telephone circuit with a carbon-granule transmitter
(Courtesy, “Foley’s College Physics,” Philadelphia, The Blakiston Company.)
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ik

Fic. 267. The hand telephone. (Courtesy, Bell Telephone Co.)

current in the linc. The varying current actuates the electromagnet in the
receiver or earpiece (R). The receiver is a horseshoe magnet with an elec-
tromagnet wound on the poles. In front of the poles is an iron diaphragm
(D). The varying current causes a varying magnetic field in the electro-
magnet (E) and this field pulls the iron plate
back and forth, thereby reproducing the
original sound. All carbon microphones and
some magnetic speakers resemble this type of
telephone. Fig. 267 shows the construction
of the modern hand telephone.

Early magnetic loudspeakers were limited
in their output of energy. When the amount
of energy delivered was too great, the
quality of the tone became unsatisfactory. A
modern type of speaker is the dynamic type.

Fic. 268. Dynamic speaker.  In this speaker (Fig. 268), there is an electro-
(Courtesy, ‘“Foley's Col-  magnet (NS). Around this magnet is wound
!f—ﬁz I;;‘lﬁi?t:m Plé‘lﬁ;ﬁ;;’ a coil of wire (C and R). As the varying

current (D) flows in the coil, the coil moves
back and forth and an attached paper cone is set into vibration. Many
modern speakers of this type have a permanent Alnico magnet instead
of the electromagnet.

ELectRICAL RADIATIONS AND RADIO

One of the most amazing results of scientific research is the frequency
with which some laboratory experiment becomes of great scientific im-
portance and commercial value. Radio may be said to have been born in
the brain of Clerk Maxwell (Fig. 269). Maxwell was a mathematical
physicist who, in the course of his studies, became convinced that light was
a form of electromagnetic radiation. He reasoned that if this were true,
there ought to be a type of electrical radiation which could be sent from
nlare ta nlare in the came wav thar licht travels. During the course of
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his calculations, he devised a model of an ether in which these waves of
electrical energy could travel. In this he followed the initial ideas of
Faraday and Newton,

In 1888, Heinrich Hertz first produced these radiations in the labora-
tory and was able to send them from one room to another. He constructed
the first wireless transmitter and receiver.

Fic. 269. James Clerk Maxwell (1831-1879). A famous
physicist and mathematician; one of the originators of the
theory of electromagnctic waves. (Courtesy, Millikan,
Gale, and Edwards: “A First Course in Physics for
Colleges,” Boston, Ginn and Co.)

Before describing the experiment of Hertz, we shall explain the mean-
ing of the term oscillation. In order to do this, we shall use the pendulum
as an illustration. If we suspend a ball from a cord and pull it aside and
allow it to swing, it will return to its original position, overshoot the mark,
and swing up the other side of its path. As the swings continue, the size
of the swings (amplitude) slowly decreases and the ball will come to
rest. This type of motion is called a damped oscillation. The pendulum
has lost its energy as it moved to and fro. On the other hand, in the clock
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Fic. 270. The type of apparatus used by [ertz. V represents the transmutter; R 1
the receiver in three positions, 4, B, and C. (Courtesy, “F oley’s College Physics,”
Philadclphia, The Blakiston Company.)
pendulum all oscillations are maintamed by the spring or weights, so that
all of the swings have the same amplitude. The number of vibrations per
second is the frequency. In the pendulum, the cnergy alternates between
the potential and kinctic forms as the pendulum swings.

Let us suppose that we have two balls § and §’ connccted to rods
(Fig. 270) so that a small gap exists between the rods. If we connect the
rods to a source of high potential, onc ball will acquire a negative charge
and the other a positive charge. When the charge becomes too great, a
spark will jump the gap (G) and the balls will lose their charge. However,
a rotating mirror will show that the balls discharge again but in the oppo-
site direction. This charging and discharging will continue for a small
fraction of a second until the energy stored up in the balls is used up as
heat, or is radiated out into space as elcctromagnctic waves. 'The high
voltage source charges the balls again and the process is repeated. Thesc
rapid reversals of charge produce damped oscillations (Fig. 271). Wec find
that all electric sparks, including lightning discharges, are oscillatory, the
frequency usually being very high. The energy is alternating between the
clectrical (potential) and thc magnetic (kmetic) forms. Radio fre-
quencies are expressed in kilocycles per sccond or megacycles per second.*

Hertz used two plates between which there was a spark gap. His
plates were charged by an induction coil. At the other side of the room,
he used a loop of wire having a small adjustable gap. He found that
sparks jumped the gap of his loop whenever there was sparkling between
the balls of the sending system. Each time a spark jumped the gap, oscil-
lations were set up between the plates and, as a result, electrical waves
passed out from the apparatus. He found that the waves could be re-
flected and refracted, thus proving that they had similar properties to
light waves. Actually, the system consisted of a condenser, a spark gap,
and an inductance. If the condenser and the inductance are large enough,

* A megacycle is onc million cycles.
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Fic. 271. Damped oscillations. (Courtesy, “Foley’s College Physics,” Philadelphia,
The Blakiston Company.)
we find that the spark has a musical note, indicating that the frequency
is in the audible range. By adjusting the value of the inductance or the
capacitance of the condenser, we can change the pitch of the note.
Marconi made possible long-distance transmission and reception of
electric waves. He used an antenna for one plate. A plate imbedded in
the ground was a substitute for the other plate of the Hertzian apparatus.
By means of his apparatus, he was able in 1910 to send signals from Eng-
land to Newfoundland. Such damped oscillations were rather difficult
to maintain, With thc invention of the vacuum tube (audion), a series of
undamped waves (C.W.) could be sent out from a transmitter. Two out-
standing scientists in this field were Ambrose Fleming and Lee DeForest.
To these men we owe the invention of the modern electronic tube.
Actually, there are three cssential parts of every modern electrical
oscillator, a condenser, C (Fig. 272), an inductance, L (Fig. 273), and
a vacuum tube. The frequency of the oscillations is determined by the
following equation:

Frequency = .
2r v/ .LC

If, for example, the inductance L is 0.0001 henry, and the capacitance
is 500 micro-micro-farads (500 X 10—2 farad), the frequency emitted will

Fic. 272. (Left) Condenser of variable capacity. (Courtesy, Weld and Palmer:
“Textbook of Modern Physics,” Philadelphia, The Blakiston Company.)

Fic. 273. (Right) A variable inductance. (Courtesy, Weld and Palmer: “Textbook
of Modern Physics,” Philadelphia, The Blakiston Company.)
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be about 730,000 cycles per sec. or 730 kc. per sec. To reduce this to wave
length, divide the velocity of clectrical waves, 3 X 10° meters per scc.,
by the frequency, 73 X 10*. The result is 410 meters. Such a wave is in
the broadcast band. The longest clectrical waves are several miles in
length and the shortest have a length of about %5 in. (see p. 199).

THE RADIO TUBE

The triode (threc element tube) consists of a source of electrons, a
plate which collects them, and a grid which regulates the electron flow.
In Fig. 274, F is thc emitter, G the grid,
and P the plate. The “A” battery lights the
filament and the “B” battery is the potential
source for the plate current (Fig. 275).
In the previous chapter, mention was made
of the discovery of thermions—electrons
emitted by hcat. Later, it was discovered
that the emission of clectrons is much more
copious when the metal is coated with such
a material as barium carbonate. The coating
makes elcctron emission possible even with

Fic. 274. Sketch of a radio the emitter at dull red heat.
tube. (Courtesy, “Foley’s Col- A current flows in the circuit as a result
lege Physics,” Philadelphia, The  of the elcctrons moving across the space
Blakiston Company.) i . .

retween the emitter and the plate. The wire
mesh G, the grid, influcnces the flow of clectrons. If it is at a positive
potential, it will tend to increase the electron flow. When it is sufficiently
negative with respect to the emitter, it may stop the current entircly. The
electric waves from the broadcasting station produce a rapidly alternating
electron flow in the antenna of the recciver. If the clectron flow is in such a
direction that the grid swings toward the positive potential, the electron
current in the tube will increase. If the grid swings further negative, the
current will decrease. The action produces a varying direct current in the
telephone recciver or the loudspeaker. Moreover, the slight variations in
the grid voltage produce a large variation in the plate current, so that the
tubes amplify as well as detect the incoming radio current. By using
several tubes in succession, the voltage and power can be made great
enough to operate a loudspeaker. The grid may be compared to a gate
which controls the flow of electrons from the emitter to the plate. It is the
heart of the receiving tube.

The vacuum tubes called tetrodes and pentodes contain more than one
grid. These grids, called screen, suppressor, and control, have certain ef-
fects which make the tubes much more sensitive than the triode tubc.
Whereas the triode (01A) has a voltage gain of about 5, the screen grid
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Fie. 275. Sketch of a onc tube receiving set. (Courtesy, Bowden: “Foundations of
Scicnce,” Philadelphia, The Blakiston Company.)

tube (24A) has a voltage gain undcr certain conditions of nearly 600. This
is onc of the reasons why the modern receiver has a very high sensitivity,
although the number of tubes is less than the number in the receivers of
a decgde ago.

With the advent of radio, people wished to be able to operate the set
from the alternating current of the home. For several years, this was not
possible because the alternating current produced a loud hum in the
receiver which made clear reception impossible. Since it was realized
that the only function of the filament was to emit clectrons, it was found
possible to place the filament in a nickel alloy (konel) sleeve coated with
the oxides of barium and strontium. The filament, heated by alternating
current, heated the slecve, which in turn became a steady emitter of elec-
trons. Because of the nccessity of heating the sleeve, the usual radio sct
docs not go into operation at the instant the filament current is turned on.
Devices were also perfccted to produce a steady plate voltage from the
alternating current. From this time forward, the rccciver could be op-
erated from the housc current line.

Within the last 15 years, therc has been a remarkable improvement in
radio receivers. A great number of new tubes with excellent reception
propertics has brought the world to our doors. One need only compare
the receiver of 1949 with the receiver of 1934 to realize the great improve-
ment in reception. We find fewer tubcs, better tone quality, and simplified
tuning.

When radio waves leave an antenna, they sprecad out in all dircctions,
as shown in Fig. 276. Part of the encrgy travels along the ground (ground
wave). The balance is radiated out into space, whence some of it is re-
flected back to earth by the jonosphere. The ionosphere consists of sev-
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eral layers of clectrons and positive ions. When a radio wave strikes these
layers, its direction may be changed and it may return to the earth as a
reflected wave.

In the casc of low frequency waves, 50 to 500 kilocycles per sec., the
ground wave travels great distances with little loss. The sky wave is some-
what variable, depending on the time of day and the hcight of the iono-
sphere.

The ground wave of the broadcast band (550 to 1,500 kilocycles)
has a range up to 200 miles, which gives constant reception at any time
of day or night. ‘The sky wave is absent in the daytime but it gives long
distance rcception at night.

The short-wave band—200 meters to 10 meters (1,500 to 30,000 kilo-
cycles) has no ground wave but has an extremely long-range sky wave
which is quite dependable. International broadcasts and amatcur trans-
mission are in this band.

The waves of the microwave band (100 to 30,000 megacycles per sec.)
travel in straight lines, being ncither ground wave nor-sky wave. The
range is limited to the straight linc distance from the recciver to the an-
tenna. Fig. 277 is a laboratory model of a microwave transmitter.

The new frequency modulation (F.M.) band is in the range 96 to 102
megacycles per sec. Most television bands are in the region of 50 mega-
cycles per sec.

A direct application of microwave transmission is the wartime uses of
radar-radio direction and ranging. The principle of radar depends on the
phenomenon that very high frequency waves, 100 megacycles and higher,

IONOSPHERE

Fig. 276. Radio wave propagation. T represents the transmitter and @ is the ground
wave.
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can be reflected by objects in their path somewhat like an echo in sound.
Just as the distance of a hill can be determined by the time interval for
a sound to travel to the hill and return, so the distance of an obstacle can
be determined by radar.

The radar energy is transmitted in very short pulses of 1 to 50 micro-
scconds® spaced at intervals of about %90y of a second. If an object is 93

F1e. 277. A short-wave transmiteer. (Courtesy, Cen-
tral Scienufic Co.)

mi. distant, the pulse requires 0.001 sec. for the complete path. One re-
cent use of radar consisted of receiving reflections from the surface of
the moon. The frequency used was 111 megacycles per sce. 'The distance
to the moon was determined and was found to agree with the previous
astronomic results.
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QueEsrioNs AND ProBrLEMS

1. Describe a telephone receiver.
2. What is the purposc of the grid in an audion?
3. What is a damped oscillation?

* Onc microsecond is 1 millionth of a sccond.
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4. Why do power companies usc high-tension wires to transmit power over long
distances?

5. What is the purpose of the filament in a radio tube?

6. Why is a radio tube often called a valve?

7. A radio station is broadcasting on a frequency of 550 kc. What is the wave
length? Answer: 545 m.

8. A short-wave station in Fngland broadcasts on a frequency of 9.5 megacycles.
What is the wave length? Answer: 31.6 m.

9. Describe two types of loudspeakers.

10. What is the difference between a motor and a gencrator?

11. Explain the action of a transformer.

12. What is meant by a coated filament?

13. A transformer is rated at 10 kw. The primary is 2,400 v. and the secondary 120 v.
Compute the maximum safe current in the primary and the sccondary. Answer:
4.1 and 83.2 amp.

14. Why is alternating current rather than dircct current used for long distance
power lines?

15. How much energy in kwhr. is used by a 100 w. lamp burning for 2 hr.? Answer
0.2 kwhr.

Torics For Discussion
New Radio Tubes Dynamic Speakers The Modern Telephone Exchange

ExpPERIMENTS )

1. Construct a simple, one-tube receiver. Some of the references describe the method
and give explicit details of construction. Such materal can be sccured at any radio
parts store.

2. One of the instrument companies can furnish a simple short-wave transmitting set
modeled after the apparatus of Hertz. Measure the wave length of the electric
wave emitted by the apparatus.

3. Make a study of induccd currents.

a. Connect a coil of wire to a galvanometer. Thrust the north pole of a bar mag-
net into the coil and note the size and direction of the deflection. Pull the mag-
net out and note the deflection of the galvanometer. Repeat the operation, using
the south pole of the magnet. ‘I'ry to make a general statement concerning the
current and the direction of motion of the magnet.

b. Construct a transformer by winding two coils of wire on a soft iron bar. One
coll may be 100 turns and the other 200 turns. Connect the primary (200) in
serics with a cell and a key. Conncct the secondary to a galvanometer. Close and
open the key and note carcfully the deflections of the galvanometer. Explan the
result.

Connect a simple generator (St. Louis type) to a galvanomecter. Rotate the

armature carefully and watch the galvanometer.

d. If the armature has a split ring (commutator), conncct a dry cell to the termi-
nals and operate the machine as a motor. Consult the instructor and the ref-
erences for details.

2



27. X-RAYS AND RADIOACTIVITY

Science moves but slowly, slowly,
Creeping on from point to point.
~ ALFRED TENNYSON

Many years previous to the discovery of x-rays, laboratories in all
parts of the world had been using Crookes tubes to demonstrate the
marvelous effects of cathode rays (beams of electrons). Crookes tubes

Fic. 278. Wilhelm Konrad Roentgen (1845-1923).
A German physicist; the discoverer of x-rays.

were first designed by Sir William Crookes. They are vacuum tubes hav-
ing two electrodes. These tubes are made in many peculiar shapes and give
spectacular colors when a high-voltage source is connected to the elec-
trodes. Various gases are used in the tubes.

403
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Up to the time of Roentgen’s (Fig. 278) discovery in 1895, no one had
ever happened upon the fact that an invisible ray coming from some of
the tubes was capable of fogging photographic plates which were wrapped
in black paper. With the discovery of x-rays (Roentgen rays), it was soon
realized that these rays, passing through the hand or foot, would leave a
shadow of the bones on a photographic plate, in much the same manner
that the sun casts a shadow of a tree on the ground. Medicinc and surgery
had been advancing rapidly since the discovery of antiseptics and anes-
thesia. Yet the medical specialists were still compclled to guess at many
body ailments, often operating in an attempt to discover the rcal diffic ulty
With the coming of x-rays, the surgeon could take a shadow plcturc and
thus could determine cvactlv the proper procedure nccessary. It is signifi-
cant that the discovery of radioactivity by Henri Becquerel and the isola-
tion of radium by Picrre and Marie Curie came at almost the same time
that x-rays were discovered by Roentgen.

Thesc two great discoveries, x-rays and radioactivity, working hand
in hand, are valuable not only in the sciences of medicine and surgery,
but also in the fields of chcmntrv and physics.

X-rAY TuBrs AND APPARAIUS

The first type of x-ray tube was a crude device consisting of a curved
aluminum plate (cathode) and a plate of platinum (anode) cnclosed in a
partially evacuated glass bulb (Fig. 279). X-rays were emitted from the
platinum plate when a high-voltage source (40,000 to 60,000 v.) was con-
nccted to the two terminals, the platinum being positive. These tubes
were very unsteady; it was difficult to maintain the proper vacuum; and,
because of the varicty of rays emitted, they were dangerous to the op-
crator. Many of the early experimenters reccived burns, which developed
into a necrosis and cancer, by continued cxposure to the rays.

X-rays are a band of clectromagnctic waves (sce p. 198). The very
short waves (hard rays) having a wave length of about 0.1 Angstrém
(10~* mm.) are very penctrating, but do not harm tissue as much as the
longer waves of about 2 Angstroms. Thesc latter rays are called “soft”
x-rays. In 1912, Dr. W. P. Coolidge of the General Elcctric Co. rcph(_cd
the curved cathode of the x-ray tubc by a tungsten wire (Fig. 280). The
tube was exhausted to the hlghest possible vacuum and the filament, when
heated, emitted electrons which were caused to move to the plate (target)
by a voltage source (60,000 to 120,000 v.). With this type of tube, it was
possible to adjust the conditions so that only certain wave length bands
would be sent out. Moreover, it has been found that lcad glass shields
around the tube can be used for protection against burns.
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The nature of the continuous radiation (white rays) emitted 1s determined by the
voltage applicd to the tube. The relation is a direct application of the quantum theory
(see p. 195). Thus, eV equals by where e is the charge on the electron. V is the ap-
plied voltage, b is the quantum constant, and , is the frequency of the radiation. If
one wishes to produce hard radiations, it 1s nccessary to apply a high voltage to the
tube. The simple relation between wave length in Angstroms and applied voltage can
be stated as follows:

12,345

12,345
(e.g., for 100,000 volts, A

wave length = Voles™

F1c. 279. An carly form of x-ray tube. (Courtesy,
Welch Manufacturing Co.)

Fic. 280. (A) Digram of Coolidge x-ray tube. (B) Cathode, showing spiral of
tungsten wire (a) and collar (8).

NATURE oF X-RAYS
For many years, the naturc of x-rays was in dispute. At present, it is
known that the clectrons leave the heated filament and move with a speed
nearly that of light toward the high-voltage anode. Upon striking the
target, some of the clectrons penctrate far into the atoms of the metal.
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Because of their great encrgy, they arc able to eject one or more electrons
from the inner shells of the atoms. Other electrons drop into these inner
shells with the result, according to Bohr’s theory of atomic structure, that
quanta of great energy, which we call x-rays, are ejected.

Since the frequency depends upon the encrgy of a quantum, we have
very high frequency radiations. These radiations have a very short wave
length far below the range of the human eye, Tlﬁdo however, affect
a photographic plate as docs light.

Perhaps the reader is confused by the fact that we mix the terminology
of the quantum thcory and the wave theory. It is unfortunate that this is
done. As yet we do not have a sufficiently clearapicture to enable us to
express our idcas clearly in either the quantum fhcory or the wavc theory.
At present, we speak of the frequency of a quantum and we discuss the

frcqucn(.y of a wave. This is due to our

K K, ignorance of the. true nature of the quanta.
The theory that moving particles have wave
propertics gives a clue to the problem. The
clectron microscope (see p. 349) utilizes this
principle.

Under certain conditions, we can produce
x-ray line spectra called characteristic x-rays,
as well as the continuous spectrum. As an

N example of the method by which an atom

Fic. 281 A sketch illis.  Produccs x-ray spectra, let us consn.der a
trating the production of  tungsten atom model (Fig. 281). The inner-
characteristic x-rays. K, L,  most shell (K) contains two electrons; the
M and N are electronic  pext shell (L) has cight. If an electron is
shells. .

ejected by some means from the K shell, we
get the hardest x-rays (K radiations) when another clectron enters the
vacated space. If an clectron is ejected from the L shell, we have L radia-
tions. These radiations arc like the line spectra discussed in Chapter 1.

X-RAYS IN THE SCIEN I'IFIC LABORATORY

In Chapter 13, it was stated that we could not sce an atom by means
of a microscope becausc the type of light gave the instrument insufficient
resolving power. As the wave length of the light is made shorter, the re-
solving power of the microscope increases. In 1914, Laue, Friedrich, and
Knipping discovered that x-rays, because of the short wave length, could
be uscd in the study of atoms. A narrow beam of x-rays passed through a
crystal of the material to be studied. The scattered x-rays then fell on a
photographic plate. Fig. 282 is the negative secured by passing a beam of
x-rays through a crystal of calcite (calcium carbonate). The scattered
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Fic. 282. A Laue photograph of calcite. The x-ray beam was passed through a crystal
of calcite, falling on a photographic plate.

spots are distributed in such a way that the arrangement of the atoms in
the crystal can be studied. By this means, it is possible to study the atomic
arrangements in the minerals. Somewhat later, Bragg discovered that a
crystal could be used as a diffraction grating to study x-ray spectra.

A diffraction grating replaces the prism in most modern spectroscopes. We shall
not attempt to give a description of the grating in this text. The reader may consult
any physics text for an explanation of its operation.

With modern apparatus, the wave length of x-ray spectrum lines of
an element can be measured with almost the accuracy of the optical line
spectra of an element such as hydrogen. The modern x-ray spectrometer is
now a common laboratory instrument. All experimentation indicates that
there is no essential difference between x-rays, visible light, and ultraviolet.
All are electromagnetic radiations differing only in wave length.

In the field of industry, x-rays are used in the detection of hidden flaws
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in metals, in the examination of the structure of alloys, in a study of elec-
trical insulation, in detecting hidden goods at the custom house, in verify-
ing the authenticity 6f old paintings, and in fitting shoes.

Fie. 283, X-ray photograph of
a broken bone. ((,Yourtesy, “Fl;lc s
College Physics,” Philadelphia, The
Blakiston pany.)

X-RAYS IN MEDICINE AND SURGERY

In the hospital, an x-ray examination
precedes nearly every operation. Broken
bones and dislocations are studied in

! all parts of the body (Fig. 283). In the

case of the digestive tract, the patient
is given a meal of barium sulfate. This
material makes the stomach and intes-
tines opaque to x-rays (Fig. 284). The
kidneys, gall bladder, and heart can be
studied by introducing some inert ma-
terial such as methyl iodide into the
blood or into the digestive tract. With
modern technic tuberculosis in young
children can be detected by a study of
lung tissue. By the use of two tubes set
at an angle, stereoscopic depth photo-
graphs which give the surgeons the
exact location of the affected parts can
be secured.

Some success has also been secured in
the destruction of abnormal tissue by x-
rays. Such treatment depends on the fact
that normal body cells are more resistant
to x-rays than are embryonic cells in
some malignant growths such as cancer.
However, the reason for this is not
understood and the work is still in an
experimental stage. Because of the danger
involved, such treatments should be
undertaken only by experienced opera-
tors. To trust oneself to an x-ray treat-
ment by a charlatan is extremely danger-
ous. It is important to operate the tube
in such a manner that the patient does

not receive an x-ray burn. The burns received from the rays are differ-

ent from ordinary burns in that they do not heal rapidly. Apparently, in

such burns the recuperative power of the skin has been destroyed.
Recently x-ray tubes which operate at 2 million volts have been in-
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Fic. 284. An x-ray photograph of the intestines. (Courtesy, Weld and Palmer, “Text-
book of Modern Physics,” Philadelphia, The Blakiston Company.)

stalled (Fig. 285). The rays emitted from these tubes resemble the gamma
rays from the radioactive materials (see p. 412). In fact, it is estimated
that one of these tubes may be as effective as several grams of radium.
No one can foresee the future of these magical rays of invisible light.

Rabrloacrivity

At about the same time that Roentgen made his great discovery, an-
other scientist, Henri Becquerel, was studying phosphorescence.

When some materials are illuminated with intense light, especially ultraviolet, for
a time, they continue to glow after the light has been removed. This is phosphores-
cence. A common example is luminous paint.

Onc day, it is related, Becquerel placed some uranium ore on a photo-
graphic plate which was enclosed in the usual black paper. Imagine his
surprise when a few days later he found the plate fogged as though it had
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Fic. 286. Photograph of keys by radium minerals. The keys were placed on the out-
side of the envelope of the plate and the minerals were laid on the keys. (Courtesy,
Dr. E. T. Wherry, University of Pennsylvania.)
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been exposed to weak light (Fig. 286). Becquerel, being too busy to follow
up the incident, detailed the task to a young couple, Pierre and Marie
Curie (Fig. 287). These people secured a ton of pitchblende from Bohemia
—pitchblende being a mineral especially rich in uranium ores—and carried
on an experiment almost unique in scientific annals. By dint of several
years of arduous toil, they separated from the ton of ore a small amount
of a salt which showed intense radioactivity. Finally, in 1898, the Curies
secured a few grains of two substances, which they called radium and
polonium. These substances were new elements which had startling prop-
erties. The compound, radium chloride,
looked like table salt but glowed when
placed in the dark. The Curies found
that the radium salt produced sores on
the skin which were difficult to heal.
They also found that 1 Gm. of ra-
dium can melt its weight of ice each
hour. It could destroy bacteria and fog
photographic plates even when they
were enclosed in thin sheets of lead.
Rays from the material have the power
to destroy some cancer cells. Today,
radium is a necessity in all hospitals.
The only commercial sources of ra-
dium are the uranium ores. Most of
the radium was formerly produced
from ores in the Belgian Congo but in
1932 prospectors in Northern Canada Fic. 287. Marie Curie (1867—
discovered a deposit of pitchblende 1936). Discoverer of radium and
at Great Bear Lake near the Arctic  investigator of radioactive ma-

. terials. Nobel Prize winner in 1903.
Circle. At present, the total su.pply of (Courtesy,  Jones: “Inorganic
refined radium in the world is about  Chemistry.” Philadelphia, The

3 pounds. It has a market value of many  Blakiston Company.)
millions of dollars. Most of the radium
is in the form of radium chloride or radium bromide in solution.
Ernest Rutherford investigated radium and found that as a result of
a long series of transformations, uranium atoms change into radium atoms.
Uranium atoms emit helium ions (alpha rays) from the nucleus. In a
gram of uranium, about 12,000 atoms disintegrate each second. Accord-
ing to modern ideas, the nucleus of radium consists of 88 protons and
138 neutrons. As the radium atom “explodes,” it in turn ejects a helium
nucleus (2 protons and 2 neutrons) and a gamma ray and becomes an
atom of radon of atomic weight 222. Radon is a chemically inert gas and
undergoes transformation rather quickly. The final product of the long
series of transformations is the element lead (Appendix VII).
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At some stages in the disintegration, both helium ions and clectrons
are evolved. Also, some radioactive transitions are accompanied by gamma
rays (short electromagnetic waves of about 0.04 Angstrom). It appears
that the emission of the clectron from the nucleus is due to a change of
a neutron into a proton. A gram of radium is changed into radon at such
a rate that one half of it disintegrates in 1,600 years. Thesc transformations
go on continuously. Each radioactive element has a dcfinite rate of dccay
and many calculations of the age of the carth have been made by a study
of the uranium- radium- lead content of rocks (see p. 72). It has been
postulated that r'\dloactxwty may in some way account for the heat of
the sun. Most of the effects of radium are due to the radon which is always
present.

It has been found that radon is very effective in the treatment of
cancer because of its emission of alpha particles. The gas radon is pumped
out of the radium solution and is scaled in tiny gold tubes called seceds.
These secds are placed in the growth. Although the life of radon is short,
its use makes it unnecessary to handle the precious and dangerous radium.
The principal uses of radium compounds are for cancer treatment, for
luminous paints and for studies in nuclear physics.

Just as in the case of x-rays, radium must be handled with great care.
If a tube containing a few nulhgrams of radium chloride were brought
near the skin for a short time, a sore would develop which would be very
difficult to heal and could become malignant. Another result may be
pernicious anemia.

MODERN RADIOACTIVITY

After the discovery and isolation of radium, much work was carried
on in an attempt to find other radioactive elements in nature. With the
exception of the elements thorium and actinium, it scemed that no other
elements had this property to any extent.

However, in 1919, the scientist Ernest Rutherford of Manchester
University bombarded the gas nitrogen by alpha particles (helium nuclei)
from radium. He found that he had caused the ¢jection of protons from the
nitrogen nuclei. He carried this work forward and was able to transmute
the nuclei of other atoms besides nitrogen.

The experiment verified the belief that charged protons constitute at
least part of the atomic nucleus. Since the atomic number of an atom (the
number of protons) is usually less than one half the atomic wclght it was
apparent that some particles “besides the protons were also in the nucleus.
Apparently the nucleus has a complex structure.

The alpha particles used in the experiment are cjected from radioactive
atoms such as radium with specds of the order of 6,000 mi. per sec. They
are the nuclei of helium atoms.
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The Cyclotron

Rutherford performed his experiments using alpha particles coming
from the natural radioactive elements. It was apparent that the scientist
needed some method of producing high-speed particles capable of control
in the laboratory if the work of disintegration was to be extended to the
heavier atoms.

One of the most important methods for producing such particles is
the cyclotron, developed by Ernest Lawrence and his associates. A crude
analogy of the cyclotron is the sling shot or the centrifugal clothes dryer.

Fig. 288 is a photograph of the instrument. It consists of a powerful
electromagnet with flat pole pieces a few inches apart. Between these pole
pieces is placed a circular can divided into two halves called “dees.” These
dees are enclosed in a vacuum chamber. A small amount of one of the
gases, hydrogen, heavy hydrogen (an isotope of hydrogen), or helium,
is placed in the chambcrs. By ionization methods, the positive particles,
protons, deuterons, or helium ions, are produced. The dees are connected
to an oscillator which produces a voltage of about 50,000 v. at a frequency
of 10,000,000 cycles per sec. Because of the accelerating voltage and the

T

Fic. 288. The cyclotron. The large flat drums constitute the magnetic field. The
flat cylinder on the track is the system from which are emitted the desired rays.
(Courtesy, Cancer Research Foundation of the Franklin Institute.)



414 X-RAYS AND RADIOACTIVITY

strong magnetic field, the positive particles describe semicircular paths in
each dee, gradually spiraling toward the outside of the chamber. The ac-
celerating voltage is applied to each dee at the proper instant to con-
tinually accelerate the particles. The effect is the same as if a potential of
several million volts were applied to the particles at one time. The high-
speed particles finally emerge in much the same manner as that in which
water drops leave the centrifugal dryer. One might think of these particles
as “bullets” for the “atom smashing” apparatus.

In using the cyclotron, Lawrence found that when a sodium salt was
bombarded with high speed deuterons (see p. 430), the salt became
strongly radioactive, having an active life of about 20 hr. We now realize
that man can actually produce radioactive isotopes at will in the labora-
tory. Most elements have been made radioactive in this manner. Such
radioactive materials may replace radium in medical practice in the near
future. The number of radioactive atoms is increasing almost daily.

There are about 40 cyclotrons in use at present. The largest one is
located at Berkeley, California.

ARTIFICIAL TRANSMUTATION

In 1932, various investigators, among them James Chadwick, Frederick
Joliot and his wife, Irene Curie, the daughter of Madame Curie, discovered
that when the element beryllium was bombarded with alpha particles from
radium, a curious new radiation was ejected. The method used was to mix
a small amount of radium or radon with beryllium. At first the radiation
was supposed to be gamma rays resembling x-rays. Later, it was proved
that the radiation was really a stream of fast moving particles which were
uncharged. These particles are called neutrons. The neutron is said to have
the atomic number zero. The nucleus seems to consist of neutrons and
protons. There are no electrons in the nucleus. Neutrons and protons
possibly represent different manifestations of a single fundamental particle,
the nucleon. The hydrogen nucleus is merely a single proton.

On the basis of such particles in the nucleus, one may visualize an
atom of uranium of atomic weight 238 as being composed of 238 nucleons
(92 protons and 146 neutrons) and 92 clectrons outside the nucleus.

After the discovery of neutrons, it was soon realized that such an un-
charged particle would make an excellent bullet for nuclear disintegration.
Since it has no electrical charge, the neutron can penetrate any nucleus,
even those of elements of high atomic weight. As the neutron enters the
nucleus, it may distribute its energy to the other particles so that the entire
group is set into violent motion, with the result that either another neutron
may be ejected, gamma rays may be emitted, or some other disturbance
may take place.

In order to explain the process of nuclear disintegration, the scientist
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has introduced a curious new type of equation. If an atom of bromine
captures a neutron, the result may be expressed by the equation:

Br™ 4 N' — Br* 4 gamma ray
Bromine plus neutron becomes bromine isotope

The numbers are atomic weights. Such an equation means that a bromine
nucleus has captured a neutron and has become a bromine isotope nucleus
with an additional ncutron. Energy has been emitted in the form of
gamma radiation.

If the metal beryllium is bombarded by alpha particles, a similar equa-
tion shows that a neutron has heen ejected and that a new element, carbon,
has been produced. Here is an example of atomiic transmutation, the dream
of the alchemist.

Be® 4 He* - C2 4+ N!
Beryllium plus alpha yields carbon plus neutron

It was found in 1932 that if lithium is bombarded with protons (hydrogen
nuclei), helium atoms are formed and a large amount of energy is emitted.
The reaction is shown by the equation:

H' 4 Li" > 2He* 4 Energy
Proton plus lithium yields helium

The energy produced in the formation of the two helium atoms from the
disintegration of 1 lithium atom is 27 X 10~—* erg, whereas the energy re-
leased in the formation of one molecule of carbon dioxide from one atom
of carbon is only 6.5 X 10—12 erg. This means that the heat evolved in the
nuclear disintegration of the lithium atom is about 4 million times the
heat produced by the burning of 1 atom of carbon. This is a startling
statement. In the disintegration of one atom of lithium weighing
11.5 X 107** Gm., 3 X 10~*¢ Gm. of mass has been changed into energy
according to the mass-energy equation of Einstein. The combined mass of
the proton and the lithium atom is greater than the mass of the two helium
atoms by 3 X 10—2¢ Gm. This excess is transformed into energy.

Encrgy = Mass X ¢?
27 X 10~* erg =13 X 10— Gm. X 9 X 10%

In the equation, ¢ is the velocity of light in cm. per sec.

The erg is a very small unit of energy. It is the kinetic energy of 2 Gm. moving
with a velocity of one cm. per sec. However, for atomic reactions the erg is a large
unit and it is customary to express nuclear cnergy in millionths of an erg (10 erg).
For example, 1.6 X 107 erg is equivalent to 1 million electron volts (1 mev.), the
energy acquired when an clectron moves under the influence of a potential difference
of 1 million volts.
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One startling fact in connection with nuclear disintegration was
discovered by Enrico Fermi, an Italian physicist, and the German physi-
cists Hahn and Strassman in the period 1934-1939. They found that if
uranium atoms of atomic weight 235 are bombarded by very slow neu-
trons,® under certain conditions the nuclei of the uranium atoms may
break up by splitting apart into two nearly equal parts, forming other
elements. This splitting is accompanied by the cvolution of a great amount
of energy in the form of heat. The energy of 200 million clectron volts
(200 mev.) produced by the splitting of one uranium atom (235) is nearly
50 million times that produced by the burning of 1 atom of carbon. What
is more important, during the splitting process (fission), several neutrons
(two or three) are produced which have sufficient encrgy to split other
nuclei. It has been calculated that the disintegration of 1 pound of uranium
can supply as much energy as is produced by the combustion of many
tons of coal.

This is a type of chain reaction, since the initial neutrons start the
process along like spontaneous combustion, provided the sample of ura-
nium (235) has the proper size, perhaps about 100 lb.

Neutrons are ¢dpable also of transmuting atoms of uranium 238 into
the new element plutonium (239), which can be scparated chemically
from uranium (238).

These discovcries have made possible the production of atomic energy
in the form of the atomic bomb. An atomic bomb is a device containing
several pounds either of the uranium isotope (U 235) or some radioactive
product of uranium such as the element plutonium (Pu 239), so con-
structed that the splitting of the atoms of the entire mass takes place in a
fraction of a second with explosive violence.

One may imagine that a possible method for atom bomb construction
is to place two separate chunks of plutonium in a container. In order to
detonate the bomb the masses are forced together by some mild explosive.
An atomic bomb is equivalent to several thousand tons of high explosive
such as TNT (see p. 216).

During the explosion, the temperature rises to several million degrees
C., so that the target is exposed to a quantity of radiation heretofore un-
known on the earth. A great mass of radioactive materials is produced,
as well as gamma rays and ultraviolet and visible light. All these cffects
produced in a fraction of a second make the bomb very destructive. One
bomb can destroy all life and property in a medium sized city. The radio-
active isotopes produced make the region dangerous for a long time after
the actual explosion occurs,

There are many peacetime uses for radioactive elements. Radioiodine
can track down cancer cells which have escaped from the thyroid gland.

! The velocity of a slow neutron is about 10,000 ft. per sec. A fast neutron has a
velocity of perhaps 10* ft. per sec.
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Radiosodium enables the physiologist to study cell conditions in any part
of the body. The production of radioactive elements has recently become
a new industry.

In addition, the energy produced in atomic fission may make new in-
dustrial methods possible. Power plants are being designed which will
operate by atomic energy.

Cosmic Rays

For some years, it has been known that a penetrating radiation of some
sort is constantly striking the earth. The source of the radiation is un-
known except that the energy seems to come from interstellar space. As
a result of the intensive work of many
observers, among them Millikan (Fig.
289), Kolhorster, Compton, and
Swann, we know that the rays are
electrically charged particles, prob-
ably protons. When the charged par-
ticles, called primary cosmic rays,
strike the upper atmosphere, they
bombard molecules of the air and as a
result we get secondary rays, which
have less encrgy than the primary
ones. The secondary rays seem to con-
sist of electrons and mesons. Mesons
are charged particles having a mass
several hundred times that of the

clectron. “Fic. 289. Robert And ' Millikan
. 16. 289. Robert Andrews Milli
Early in 1948, mesons were pro- (1868- ). Prominent American

duced in the laboratory, using a large  physicist; investigator of electrons and
cyclotron. The work is still in an ex- cosmic rays. (Courtesy, Science

perimental stage and a complete ex- Service.)
lanation of the properties of mesons is not yet available for publication.
P prop y P

THE PosiTrRON

In 1933, Carl Anderson of the California Institute of Technology dis-
covered by means of the cloud chamber (see p. 189) a new particle which
is called the positron. It is a twin of the.electron except that it has a posi-
tive instead of a negative charge. The positron seems to have a very short
life, combining readily with electrons to form photons of energy.
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QuesTioNs AND PROBLEMS

1. Who was Roentgen? Write a biographic sketch.

2. What is: a neutron? a proton? an elcctron? a deuteron?

. What is an atomic pile? Where are they located in the United States?

. Why are x-rays dangerous?

. What are the principal sources of radium in North America?

. What is meant by the term plutonium?

. For what was Madame Curie noted? For what is her daughter Madame Joliot
noted?

. Is it possible to operate our power plants by uranium at the present time> Is it
possible that we shall have atomic power in the ncar future?

9. What is an atomic bomb? Why is it different from the bombs using tnmtrotoluene

(TNT) as an explosive?

NNV bW
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VisuarL Aips

The large electrical corporations have films and posters of all types which are valuable
teaching aids in the field of radioactivity. Most of this material is made available
without charge

Torics For Discussion

The Atomic Pile Cosmic Rays and Mesons ~ New Atomic Energy
X-rays in the Treatment of Production of Plutonium Plants
Cancer and Curium Sources of Uranium and
Radium
EXPERIMENTS

1. Visit the local hospital for an x-ray demonstration.

2. Any large hospital can provide radon seeds which are partly exhausted. They will
operate an electroscope or a Geiger counter. The instructor should conduct these
experiments.

3. Examine a luminous watch dial in a dark room, using a low power lens. Scintil-
lations will be seen as dancing flashes of light.

4. It is possible to purchase an inexpensive Geiger counter circuit which will record
the presence of cosmic rays or radioactive substances. If such a device is available,

count the number of cosmic rays passing through some part of your body each
minute.
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We are standing on the threshold of the era in which atomic power will
be developed, surely to be the most important engineering achieve-
ment of the next genmeration.

—Epwarp CoNpoN

In the preceding pages, we have described some achievements of the
physical sciences as they relate to the everyday life of the reader. Each
topic has been chosen with a view to the coordination and expansion of
the student’s knowledge. No doubt there are many other topics which
should have been included.

‘WHAT oF THE FUTURE oF SciENCE?

The student has without doubt discovered that many of the phenomena
which have been discussed still lack a satisfactory explanation. It is prob-
able that “ultimate truth” is beyond the ability of man, inasmuch as each
new scientific discovery opens a completc new field of investigation.
Someone has compared a scientific investigator to a person placed in a
room having many closed doors. By patient effort a key is found which
opens one door. However, this opened door simply leads to another room
also full of closed doors, cach needing a special key.

Nevertheless, we can describe with some assurance some of the prob-
lems that the scientist of tomorrow must face. As this is written, the world
is suffering from an unsatisfactory distribution of food. Some people have
too much food and clothing, while millions of persons go hungry and ill-
clad. The chemist is working vigorously on the problem of food synthesis.
He knows that in some manner CO, and water combine in the presence
of the catalyst chlorophyll and sunlight to form starch. If the chemist
can discover a way of producing starch cheaply in the laboratory, there
will be plenty of food. Likewise, a synthesis of protein and fats might free
us from the high cost of meats and oils. There arises the question, will
man be able to adjust his social structure so as to distribute this abundance
properly? The tramned mind of the future must meet this problem.

While studying this book, the thinking student has without doubt been
amazed at the rapid progress which science has made in constructing
devices for our comfort. We ride in luxurious automobiles, trains, and
airplanes. We live in elcctrical homes where we can have our choice of

419
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climatc at the flip of a switch. We now have our choice of the entertain-
ment of the world by the radio, and we sce great events by tclevision. Our
foods are rushed from all parts of the world to our table. We cat in winter
luscious fresh fruits and vegetables which are prcpared by the “dry ice”
process. The medical specialists perform miracles in saving human life and
in making our lives more comfortable. Despite all these marvels, most of
us arc not happy.

The hospitals and sanitoriums are filled with mentally ill people who
have not been able to withstand the pressure of our modern civilization.
Although science has increased the life expectancy of man by saving the
lives of most young children and by repairing the decay of middle age,
it has not made the world a happy place in which to live. We live in an
atmosphere of fear for the futurc. Despite the luxuries which science has
provided, most of us are not certain that we can escape poverty as we
grow older. Science has provided luxury and comfort for some; it must
now devisc means for making a measure of comfort available to all.

Many diseases remain unconquered. Cancer and heart discase secem to
be increasing. Infantile paralysis (poliomyelitis) and other infectious dis-
eases are still unconquered. The common cold still remains a puzzle.
Scientists have now realized that medicine must enlist the aid of physics
and chemistry as well as biology, if it is to solve the problems of the future.
Many scientists are now working in groups, each adding his knowledge
and ingenuity to the complex problem.

We may expect great advances in the healing art in the future. This
is to be expected since the sciences of inert objects have thus far out-
stripped the science of the human body and the mind. Man will learn to
understand himself better within the next few years.

RESEARCH OF THE FUTURE

In the future the research facilities of the world will undoubtedly in-
crease. At present many millions of dollars are spent each year in scientific
and mncdical investigation. The great research laboratorics, and the various
college and university laboratories are producing marvelous results in all
fields of science. Science will in the future no doubt offer a wider field
of opportunity for the trained student than in the past.

It is still true that the student who has mastered the fundamental prin-
ciples of science will be able to adjust himself to new technical develop-
ments. For example, a scientist with an excellent background in chemistry
will be valuable to any new industry which may develop in that ficld. The
man who has learned to think will be of value to socicty in the future as
in the past.
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One might list a few of the new developments of the past decade:

Television perfected Flectronic devices of all types
Artificial radioactivity and the  Radar
atomic bomb “Sulfa” drugs
New alloys and plastics Penicillin
Cell mutation by the use of
X-rays

EDUCATION OF THE FUI'URE

There is great unrest in the ficld of education. The citizens of com-
munities are analyzing the cost of cducation and are inquiring whether
the present methods of education justify the money cxpended. Most
parents desire that their children shall receive all the education possible.
Does our modern college fulfill this need or will the educational plant of
the future be radically different?

Certainly there are students who do not satisfactorily respond to the
present curriculum. Will the college of the future be able to provide for
all students who wish to secure an education? Will there be ample oppor-
tunities for vocational work and practical skills as well as for mental disci-
pline? Educational rescarch indicates that the college of the future will
set up other standards for admission than secondary school credits. In
fact, the new ideas will permeate the secondary schools, for here also
there are many maladjusted students.

The scicntist must solve this problem of mass education in the very
near future if our present social order is to continue. However, onc may
look with confidence to the future, belicving that science will continue
to provide better means for happier living.
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This course may be greatly enriched by the use of films, displays, and
other visual matcrial. “One picture is worth a thousand words.” It is im-
possible to evaluate all of the visual material offered the teacher of science.
For this reason, only a few motion pictures are listed at the end of some
of the chapters. Some of these have been used by the author and found to
be very instructive.

A few gencral sources of visual material are listed here, from which
a teacher may select:

Eastman Classroom Films (16 mm. safcty film) may be purchased
from the Fastman Kodak Co. They may be rented from the Bucknell
Classroom Film Library (Bucknell Um\'crsnty, Lewisburg, Pa.) and from
the Massachusctts Dep'lrtment of Public Instruction, Boston, Massa-
chusetts.

“Enriched Teaching of Science in the High School,” Woodring
(Bureau of Publication, Teachers College, Columbia, New York), con-
tains a wealth of suggestive free and low cost materials of many kinds.

The University of Chicago is making a number of films of interest
to science teachers.

Valuable films and other material may be sccured from various State
Departments of Public Instruction and Public Health, and Bureaus of
Mincs.

Educational Screen is a monthly magazine on cducational films pub-
lished at 64 E. que St., Chicago, Ilinois. It also publishes “One Thousand-
and-one Film List.”

Other sources of cducational films include the Keystone View Co.,
Meadville, Pa.; the American Optical Co., 19 Doat St., Buffalo, N. Y.; the
Westinghouse Elcctric Corporation motion picture catalogue; General
Electric Motion Picturcs, Catalogue APB-21; “Scrvice for Teachers”
(A free booklet of the General Electric Co.); and “Teaching Aids” (A
free booklet of the Westinghouse Electric Corporation).
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WEIGHTS AND MEASURES

1 inch = 2.54 centimeters 1 meter = 39.37 inches

1 mile = 1.609 kilometers 1 kilometer = 0.62 milc

1 cubic inch = 16.387 cubic centimeters 1 cubic meter = 35.314 cubic feet

1 ounce = 28.3495 grams 1 kilogram = 2.2 pounds

1 pound = 453.59 grams 1 liter = 1.06 liquid quarts

1 quart = 0.946 liter 1 cubic centimeter = 0.061 cubic inch

1 gallon = 3.785 liters
UNITS

Wave length of sodium light = 0.00005896 centimeter.
1 Horse Power = 550 foot pounds per sccond.

1 Angstrom = 1000 X-units = 10™ centumneter.

1 Light Year = 6 million million miles.

1 Gram Atom contams 6 X 10** atoms.

Diameter of an atom about 10~ centimeter

Mass of an electron = 9 X 10~ gram.

Diameter of an clectron = 107" centimeter.

Velocity of hght =3 X 10" ccntimeters per second.

424



Arpenpix 11
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58 94| 88] 83| 77| 72| 66| 61| 56| 51| 46| 41| 37| 32| 27| 23| 18] 14 10| 3
60 94| 89| 83] 78| 73| 68| 63| 58] 53| 48] ¥3] 39| 34| 30| 26| 21| 17| 13] 6
62 94| 89| B4 79| 74| 69| 64| 59| 54 50| 45| 41] 36| 32| 28| 24| 20| 16 9
64 951 90| 84{ 79| 74| 70| 65| 60| 56| 51| 47} 43| 38| 34| 30| 26| 22| 18| 12
66 95| 90| 85| 80| 75| 71| 66| 61| 57| S3| 48] 44| 40| 36| 32| 29| 2§| 21| 15
68 95| 90! 85| 80| 76| 71| 67| 62] 58| 54| SO{ 46| 42| 38| 34| 31| 27| 23} 17
70 95] 90! 86{ B1| 77] 72| 68| 64 59| 551 51| 48| 44| 40| 36| 33| 29| 25| 20
72 95| 91] 86| 82) 77| 73| 69| 65| 61| 57| 53| 49| 45| 42| 38| 34| 31| 28| 22
74 95| 91| 86| 82| 78] 74| 69| 65| 61| 58| 54 50| 47| 43| 39| 36| 33| 29| 24
76 96| 91] 87( 82| 78| 74| 70| 66| 62| 59| 55| S1| 48] 4| 41| 38| 34| 31| 26
78 96| 91| 87| 83[ 79{ 75| 71} 67{ 63| 60| 56| 53| 49| 46| 43| 39| 36| 33| 28
80 96| 91| 87| 83| 79| 75| 72| 68| 61 61| 57| 54| SO| 47| 4 41} 38| 35 29
82 96| 92| 88| 84| 80| 76| 72| 69| 65| 61} 58] 55| S1| 48] 45| 42| 39| 36| 31
84 96| 92| 88| 84 80| 76] 73| 69| 66] 62] 59| 56| 52| 49} 46| 43| 40| 37] 32
86 96| 92| 88| 84| 81| 77| 73| 70| 66| 63| 60| S7| 53| SO| 47| 44 42| 39| 34
88 96| 92| 88| 85 81{ 77| 74| 70| 67| 64| 61} 57| 54| S1| 48| 46| 43| 40| 35
90 96| 92| 89| 85| 81] 78| 74| 71| 68| 65| 61| 58] 56| 53| 50| 47| +4| 41| 37
92 96| 92| 89| 85| 82] 78| 75| 72| 68| 65| 62 59| 56| 53| 50| 48| 45| 42| 38
94 96| 93] 891 85| 82| 79| 75| 72} 69| 66| 63| 60| 57| 54 51| 49| 16| 43| 39
96 96| 93| 89| 86| 82| 79| 76| 73| 69| 66| 63| 61| 58| 55| 52| 50| 47| 44| 40
98 96| 93| 89| 86| 83| 79| 76| 73| 70| 67| 64 61| 58| 56| 53| 51| 48| 16| 41

Example: The wet bulb reads 70 and the dry bulb reads 78. There 1s a difference of 8°.
We read down the left column to 78 and then across to the column headed 8. The figure 67
is found at the junction of the two lines, therefore the relative hunudity is 67 per cent. In
o;hcr words there is just 67 per cent as much moisture as it is possible at a temperature
of 78°.
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Arpenpix IV

Vapror Pressure TaBik

Temperature Pressure Temperature Pressure
Centigrade Milluneters Centigrade Alllimeters
00 + 6 99 10 744 0
10 0 90 99 48 746 2
20 0 17 5 99 55 748 0
300 320 99 63 750 §
40 0 55.3 99 70 752 2
500 110 2 99 78 754.7
60 0 149 § 99 84 756 3
80 0 354 2 99 92 758.0
90 0 525 0 100 00 760.0
99 03 734 0 100 07 762 0
99 10 736.0 100.15 76%+.0
99 18 738 §
99 25 740 0
99 33 742 5
Varor De~xsiry Tasre
Temperature Water Temperature Water Temperature Water
— —— | Grams | ——— —| i Grams = ——| n Grams
C. g |pereum ) g | peram. C £ per cu. m.
0 320 4+ 84 14 §7 2 11 96 27 80 6 25 49
1 33 8 513 15 59 0 12 71 28 82 4 26 93
2 35 6 5 54 16 60 8 13 50 29 84 2 28 45
3 37 4 592 17 62 6 14 34 30 86 0 30 04
4 39 2 6 33 18 64 4 15 22 i1 87 8 31 70
5 41 0 6 76 19 66 2 16 14 32 89 6 33 45
6 42 8 7 22 20 68 0 17 12 33 91 4 35 27
7 44 6 7170 21 69 0 18 14 14 93 2 37.18
8 46 4 8 21 22 71 6 19.22 35 95 0 39 18
9 48 2 8.76 23 73 4 20 35 36 96 8 41 30
10 500 9 33 24 75 2 21 54 37 98.6 43 50
11 518 9 93 25 77 0 22.80 38 | 100 4 45.80
12 53 6 10 57 26 78 8 24 11
13 554 1125

1 cu. m. = about 1.3 cu. yd.
For example, at 10° C. the saturation density of water vapor is 9.33 Gm.
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AprENDIX V

Name

TasLe or ELEMENIS*

Symbol

Actinium

Alabamine (now cstatine)
Aluminum

Americium

Anumony (stibuuni)
Argentum. Sce Silver.
Argon

Arsenic

Astaune (formerly Alabamne)
Aurum. Sce Gold.
Barium

Beryllum (formerly Glucnum)
Bismuth

Boron

Bromine

Cadmium

Calecm

Carbon

Cerium

Cesium

Chlorine

Chromum

Cobalt

Columbwm (uiobium)
Copper (cuprum)
Cuprum. Sce Copper.
Curium

Cyclonmm. Sce Wlinum.
Dysprosium

Frbium

Europium

Ferrum. See Iron.
Florentwam. See Whnum.
Fluorine

Francium (formerly Virgimuni)
Gadolinum

Gallium

Ac

Cm
Cy
Dy
Fr
En

Fl
¥
IFa
Gd
Ga

Atomue
Weight

227 ca.
211
26.97

137.36

209 00
10 82
79 916

112 41
40.08
12 010

140 13

132 91
35 457
52 01
58 94
92 91
63 54

146 ca.
162 46
167 2
152.0

146 ca.
19 00
224 ca.
156 9
6Y 72

Atomic
Number

* Courtesy, *“Blakiston’s New Gould Medical Dictionary.”
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428 APPENDIX V

TasLE or ELeMENTS—(Continued)

. Atomuc Atomic

Name Symbol Weight Number
Germanium Ge 72.60 32
Glucinum. Sce Beryllum.
Gold (aurum) Au 197.2 79
Hafnium Hf 178 6 72
Helium He 4 003 2
Holmmum Ho 164 94 67
Hydrargyrum. Sce Mercury.
Hydrogen H 1 0080 1
Illinium (to be renamed) 1l 146 ca. 61
Indium In 114 76 49
lodine 1 126 92 53
Iridium Ir 193.1 77
Iron (ferrum) Fe §5.85 26
Kalium. Scc Potassium.
Krypton Kr 83.7 36
Lanthanum La 138 92 57
Lead (plumbumi) Pb 207 21 82
Lithium 1a 6 940 3
Lutecium lu 174 99 71
Magnesum Mg 24.32 12
Mangancse Mn 54.93 25
Masurium (now Technetium) Ma e e 43
Mecrcury (hydrargyrum) Hg 200 61 80
Molybdenum Mo 95.95 42
Natrium. Sce Sodwum.
Neodymium Nd 144 27 60
Neon Ne 20 183 10
Neptunium Np 239 ca. 93
Nickel N1 58 69 28
Niobium. Sce Columbium. Nb
Niton. See Radon.
Nitrogen N 14 008 7
Osmium Os 190 2 76
Oxygen 0O 16 0000 8
Palladium Pd 106 7 46
Phosphorus P 30 98 15
Platinum Pt 195 23 78
Plumbum. Sce Lead.
Plutonium Pu 239 ca. 94
Polonium Po 210 ca. 84
Potassium (kalium) K 39 096 19
Prascodymium Pr 140 92 59
Promcthium. Scc Blinium. Pm 146 ca. 61
Protactintum Pa 231 91
Radium Ra 226 05 88
Radon Rn 222 86
Rhentum Re 186.31 75
Rhodium Rh 102 91 45
Rubidium Rb 85 48 37




APPENDIX V

TasLe of LremenNts— (Continued)

Atomc Atomc

Name Symbol Weight Number
Ruthenium Ru 101.7 44
Samarium Sa, Sm 150 43 62
Scandium Sc 45 10 21
Selcnum Se 78 96 34
Silicon Si 28 06 14
Silver (argentum) Ag 107 880 47
Sodium (natrium) Na 22.997 11
Stannum. Sce Tm.
Subium. Sce Antimony.
Strontium Sr 87 63 38
Sulfur, sulphur S 32 066 16
Tantalum Ta 180.48 73
Technettum (formerly Masurium)| Te el 43
Tellurium Te 127 61 52
Terbium Tb 159.2 65
Thallium ‘11 204 39 81
Thorium Th 232 12 90
Thulium T 169.4 69
Tin (stannum) Sn 118 70 50
Titaniumn Ti 47 90 22
Tungsten (wolframium) %% 183 92 74
Uranium U 238 07 92
Vanadium Vv 50 95§ 23
Virginmum (now Francium) Vi 224 ca. 87
Wolframwm. Sce Tungsten.
Xcnon Xe 131 3 5S¢
Ytterbium Yb 173.04 70
Yttrium Y, Yt 88 92 39
7ie (zimcum) In . 65 38 30
Zincum Sce Zinc.
Zirconium 7r 91.22 40
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AppennIX VI

GLOSSARY OF NUCLEAR PHYSICS UNITS

Alpha Particle. A helium nucleus. It consists of two protons and two
neutrons.

Deuterium. A heavy hydrogen atom having twice the mass of an
ordinary hydrogen atom.

Deuteron. An ion of heavy hydrogen (dcuterium).

Electron. A unit of negative electrical charge. Its mass is 4 g35 that of
the proton. Its charge is 1.6 X 10— coulomb.

Ganmia Ray. A radiation emitted by some radioactive substances and
having a very short wave length,

Isotope. Best explained by an example. The metal uranium is composed
of three isotopes (atoms lnving the atomic weights of 238, 235, and 234),
although each atom of uranium has the same atomic number, 92. Most
elements are made up of several isotopes. The isotopes of an element arc
chemically alike. Atoms of two isotopes have the same number of protons
in their nuclei.

Meson. A mass particle which is about 200 times the mass of an clec-
tron. It is found as a posmvcly (+ ¢) and as a negatively (—¢) charged
particle. It is found in cosmic radiation and has been produged in the
laboratory.

Neutron. A particle having no electric charge. The mass is ncarly that
of the proton, having a valuc of 1.675 X 10~** Gm. It is a constitucnt of
atomic nuclei.

Nucleon. A nuclear particle either ncutron or proton.

Photon. A quantum of energy.

Plutonitm. An clement not found in nature. Its atomic weight is 239
and its atomic number is 94. It was discovered in the process of nuclear
disintegration rescarch.

Positron. A particle having the mass of an clectron but with a positive
charge equal to that of the electron.

Proton. A hydrogen ion of mass 1.6 X 10~* Gm.
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AppenpIx VII

Tue UranNtum RADpIOACTIVE SERIES

Element Symbol Half Life
Uranium. ......... 92U%8 | 4 X 107 ycars
Thorium. .......... 90 T'h234 | 24 days
Protactinmum ... .... 9Pa2t [ 1.2 minutes
Uranium ........... 52U [ 2.6 X 10% ycars
Thorium .......... 90 Th230 {8 X 104 ycars
Radwm............. ssRa??® | 1600 years
Radon ........... sRn222 [ 3.8 days
Polonium.......... 8P0%1% | 3 minutcs
Lead .............. 32Pb?14 | 26 minutes
Bismuth............. 8aBi21% | 20 minutes
Polonium............. sPo?* | 1.5 X 1074 second
Thallium............ s1 1122 | 1.3 minutes
lead ............ 82Pb210 | 22 years
Bismuth ......... B2 [ 5 days
Polonium. .......... 3P0?1® | 139 days
Lead ....... .. 32[’ h208 | Stable
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Cuarr 1. The north circumpolar group. (Fath: “Elements of Astronomty,” The
McGraw-Hill Book Co.)
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Cuart 2. The north circumpolar group. (Fath: “Elements of Astronomy,” The
McGraw-Hill Book Co.)
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REeviEw QUESTIONS

Note. Some of these questions require reference reading.

CHAPTERS 1-7

. Why do some stars risc and set?

Why do some stars never sct?

. A star rising at 7 P.M. April 1 will risc at what time June 15?
. Do all parts of the earth have a full moon during the same 24 hours?
. Would it be correct for the people of Chile to say that winter was due to the

fact that the sun was furthest from the carth?

. What is the cause of twilight?

. Would the carth have tides if therec were no moon?

. What is the cause of a ring around the moon?

. Many tclescopes are placed on mountains. Why?

. What is meant by a light ycar?

. Many modern telescopes usc a concave mirror rather than an objective lens. Why?
. What is meant by the Vernal Equinox? \Where is it?

. What reasons did Galileo give for his belicf that the sun rather than the earth is

the center of the solar system?

. Describe some methods by which astronomers measure great distances.
. What is the Milky Way?
. Some nebulac are believed to be millions of light years distant. How do we know

this?

. If the sun were to become cooler, how would this affect our habits of living?

. Calculate the time required for light to rcach the earth from Jupiter and Neptune.
. Is the sun a gas or a liquid? Explain.

. Why do we nor use the Nebular Hypothesis?

. How was Pluto discovered?

. How do we know that no air exists on the moon?

. What planets may have hfe? Explain.

. Why are “shooting stars” hot?

. What proofs have we thar the earth rotates on its axis?

Does the sun ever reach the zenith at latitude 45° North? At longitude 75° West?

. Arc tides ever observed in solid rock?
. Distinguish between rotation and revolution.
. How rapidly does the carth rotate?

What is the Ecliptic?’ Where is it?

. What parts of the sun are visible at the time of a total eclipse?

. How does the astronomer determine the composition of the sun?

. How can we determine the temperature of the sun?

. At what time of year are we at aphelion?

. At what point on the carth’s surface will the sun be directly overhead on March

212

. Arc earthquakes prevalent in volcanic regions?
. What are some of the causes of carthquakes?
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REVIEW QUESTIONS 435

38. What types of material issue from a volcano?

39. Are there any volcanoes active in continental United States?

40. If you were in an earthquake zone, what type of building would you erect? Why?
41. Why do we see only one side of the moon?

42, It is often said that “the planets nod to each other as they pass.” What is meant?
43. Why do stars twinkle?

44. Why is the sun red at evening and yellow at noon?

45. Why do stars differ in color?

46. How can we prove that the sun rotates?

47, What is the Zeeman effect? What importance has it in astronomy?

48. List the planets in order of distance from the sun.

49. What are novae?

50. The diameters of several stars have becn measured. Find out how this was done.
51. What is the difference between a constellation and a cluster?

52. What is: a galaxy? a star universe?

53. List 10 constellations that you have learned to know.

CHAPTERS 8—12

1. The statcment is often made that the equinoxes are times of stormy weather. Is
this true?
2. Does carbon dioxide benefit man? Explain,
3. Could we live without nitrogen?
4. Just why do we think that the carth is very old?
5. Why is pure aluminum not used jn structural work?
6. What is meant by the term steel?
7. How can we measure the thickness of the atmosphere?
8. What is to hinder a rocket from leaving the carth and moving out into space?
9. What are the causes of volcanocs?
10. How can we cxplain the presence of coal in the Antarctic?
11. On a hot day a fully inflated tre sometimes leaves the rim. Fxplain.
12. Just what docs a barometer measure?
13. Why does the air become warmer when snow is falling?
14, What is the difference between a tornado and a cyclone?
15. What causes sea breezes at the sca shore?
16. How can the Weather Burcau predict weather?
17. Why do we believe that the centrosphere may contain much iron?
18. What is a fossil? Name some.
19. What is meant by the term unconformity? \What does it teach us about carth
structure?
20. Can you account for the disappearance of the dinosaurs of the Mesozoic Era?
21. Why is there coral and limestone in continental United States?
22. Explain the causes of coal formation in the United States?
23. For what is the Palcozoic Era noted?
24. Does the Milky Way change its position relative to the stars?
25. How many stars are there in our galaxy?
26. Name the geologic eras and give the periods of cach.
27. In what cra do we find the oldest limestonc? the first fossils? the first vertebrate
life? the first true man?
28. In what era did life first appear?
29. Is a vacuum empty of all material?
30. What were the achievements of Lavoisier?



436 REVIEW QUESTIONS

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.

58.
59.
60.
61.
62.

OOO\IO\y-wa—-

14.

Is gasoline a compound? Explain.

How are limestone caves formed?

Give two important uses of clouds.

What causes winds to spring up?

What is the cause of highs?

Distinguish between rocks and minerals.

Describe the manufacture of glass.

‘What is mcant by: Bessemer steel? open hearth steel?

How docs hardness differ from brittleness?

Draw a diagram of the forces on an airplanc.

What is mecant by the statement “Nature abhors a vacuum.”
Describe an aneroid barometer.

The cap on a gasoline tank has a hole in it. Why?

Describe a siphon.

Why does a swimmer who stays in water for several hours sunburn even though
the day be cloudy?

Why is mercury better than water for barometers?

Why can we suck soda through a straw?

Fxplain how a balloonist descends.

What are causes of ground water?

‘What purpose does dry farming accomplish?

What is the cause of an artesian well? Have you scen such a well?
Explain the cause of a geyser. Where do we find geysers?

Draw a diagram of a rock structure which would make an artesian well possible.
Where do we find glacicrs in the United Srates?

Where do we find regions of extensive glaciation?

Name several types of glaciers.

How can you distinguish between: feldspar and himestone? quartz and feldspar?
quartz schist and mica schist?

What is a mesa? How was it formed?

What is the average ocean depth?®

Distinguish between mincrals and rocks. Name four of cach.

Will the Antarctic continent ever be valuable?

Is pure gold useful?

CHAPTIFERS 13-20

. Are cathode rays the same as x-rays?

. For what is Millikan noted?

. What does the word quantum mean to you?
. Docs every object contain clectrons?

What are two theories of light propagatuon® Explain the difference between them.

. What are: molecules? atoms?

. What is a Crookes tube?

. Describe the process of catalyss.

. Distinguish betwcen clement and compound.

. What is hydrogenation? Give a commercial usc.

. Name 10 chemical compounds that you can buy in a grocery store.

Wirite a biography of Priestley.

. What do the following terms mcan: oxidation? clement? combustion? sponta-

neous combustion?
What two types of hard water cxist? How do we make cach type useful in in-
dustry and in the home?



15.
16.
17.

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
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13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.

24,
25,
26.
27.

28.
29.

REVIEW QUESTIONS 437

What is an ion? How does it differ from an atom? Give four cxamples.

What is a detergent? Give examples.

Why is a I per cent solution of hydrochloric acid more acid than a 1 per cent
solution of acetic acid?

Explain the process of plating a spoon with silver.

Give biographical sketches of four Nobel prize winners.

What is: mtroglycerine? mustard gas? TNT? bakelite? penicillin? streptomycin?
What is clectrolysis?

What 15 osmosis? Give examples.

Describe the principle of dissociation.

What 1s meant by the statement that a soap is 99.44 per cent pure?

How would one identify a liquid as a solution or a colloid?

List some explosives and give their propertics.

How would you remove an ink spor?

Why are cyes blue?

How is the water m your community purified?

CHAPIERS 21-26

. Do all bodies really fall with the same acceleration?

Gravitation helps to keep the moon in its orbit. Explain.

. Would a man weighing 150 Ib. on carth weigh more on Mars?

In what direction does the mud thrown from a moving wheel travel?

. Dogs a body ever lose 1ts weight?
. Why not replace a fuse plug by a penny?
. Name four conductors and four insulators?

Why does a compass point north?

. How does a bar magnet differ from an ordinary iron bar?
. Why do we use high voltage on long distance transmission lines?

Of what use is a photocell in sound movies?

. How is the temperature of the body kept constant?

Is the law of conservation of energy always true?

Can a temperature exist which is below —453° F.2

Will boiling water always injure the skin?

Why 1s “dry 1ce” called dry?

Why are we sometimes chilled by a fan?

For what was Marconi famous?

Why does a motion picture machine jerk just 24 pictures per second across the
screen?

What 15 mean by weight?

Why 1s skidding the resule of rapid turning?

Name and describe the different types of coal.

On high mountams food will not cook if the water is boilled m open vessels.
Explamn.

Why is a perpetual motion machine improbable?

Make a st of energy transformations in the home.

Why do we not need a carburetor on a Diesel engine?

Can you explain why we sce objects crect although the image on the retina is
inverted?

Why must we be careful not to pour boiling water into a thick tumbler?

When pumping up a tire with a hand pump, we notice that the pump becomes
hot. Why?
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30.

31

32.

33.
34.
35.
36.
37.
38.
39.

40.
41.
42.
4.
4.
45.
46.
47.
48.
49.
50.
51.

Would it be satisfactory to open the refrigerator door to cool the kitchen in
summer?

What is the length of a closed organ pipe that emits a pitch of 300 vibrations per
second when the velocity of sound is 1200 fecet per second?

What is the intensity of illummation of a 100 candle power lamp at a distance
of two feet?

What is the speed of light: in a vacuum? in water? in crown glass?

What are some uses of ultraviolet rays?

What is an electrical condenser? Where do we find them?

Write biographies of Alexander Graham Bell and Heinrich Hertz.

Why not use a door bell transformer as a home lighting transformer?

What does 85° F. represent in centigrade?

Inasmuch as perpetual motion is improbable, why does the earth continue to ro-
tate and revolve?

What 1s the principle of a wedge?

Why do we shift gears when we climb a hill?

Can we “let in the cold”?

Why do clothes freeze dry on a cold windy day?

Why do we find snow on mountain tops in summer?

Is a “magnetic” person really magnetic?

Why can birds sit safely on a high tension wire?

How much energy has a 5 lb. brick on the roof of a house 30 ft. high?

Is friction always useful?

Does the weight of a body vary during the day?

Explain the action of a rotary sprinkler.

Guve four examples of centrifugal force in the home and on the farm.



A

Abrasion, 269
Absolute hunudity, 166
magnitude, 30
zero, 148, 302
Acceleration, 286
Acctate, 278
Acctic acid, 212
Acetylene, 221
Acids, 212
Acoustics, 327
Adrcenaline, 242
Aeration, 250
Agassiz, Louis, 105
Agare, 89
Arr, 143
brakes, 154
conditioning, 178-180
eatent of, 150
masses, 173
pressure, 151
welght of, 150
lane, 157, 291
cmy, 202
Aldebaran 22
Alizarin, 225
Alloys, 138
Alnico, 141
Alpha Centauri, 23
ray tracks, 188
rays.4ll,410
Alternating current, 379, 386
Alternaror, 390
Altimeter, 154
Aluminum, 137, 140
Amber, 89
Amethyst, 115
Amnonia, 144, 311
refrigerant, 246
Ammonium cyanate, 219
hydroxide, 256
Ampere, 365
Anastigmat, 352
Anderson, Carl, 417
Andromeda, 21, 35
Ancroid barometer, 154
Angstrom, A. J., 197, 358, 401
Annular eclipse, 43
Anode, 211

INDEX

Anthracite, 122
Anticline, 86
Anticyclone, 166
Aphelion, 62

Apogee, 38

Apparent magnitude, 30
Archcozoic cra, 90
Archimedes, 1, 248
Arctic dnft, 99
Arcturus, 31
Argillaccous rocks, 118
Argon, 339

Arstotle, 1, 12, 183
Aromatics, 222
Arrhenius, Svante, 209
Artesian well, 101

Artificial transmutation, 414

Asbestos, 132
Asphaltum, 119
Aspirin, 225
Asteroid, 52
Astigmatism, 355
Astral period, 96
Astrology, 49, 71, 203
Atmosphere, 66, 143
experiments, 158
Atom, 183
bomb, 416
experlmcnts, 201
fission, 416
models, 186
radioactive, 414
size of, 183
solar system, 191
transmutation, 414
Aromic weights, 207
table of, 427
Audion, 397
Aurora, 11, 376
Autumnal equinox, 64
Azoic period, 90

Bacteria, 109, 359
“Bad Lands,” 107
“Baily’s Beads,” 38, 43
Bakelite, 280

Baking soda, 214
Balloons, 156
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Barometer, 153
Basalt, 121

layer, 67
Bascs, 212
Beats, 331
Becquerel, Antoine H., 186, 404
Bell, Alexander Graham, 393
Bemberg, 277
Bencdict's reagent, 243
Bentley, Wilson, 170
Benzene ring, 223
Benzine, 129
Beryllium, 200, 414
Betelgeuse, 7, 21, 24
Bethe, Hans, 19
Bituminous coal, 118
Blake deep, 96
Blast furnace, 205
Bohr, Niels, 196
Boiling point, 309
Borax, 252
Boric acid, 214
Boyle’s Law, 148
Brachiopod, 92
Brass, 140
Breccia, 118
British thermal unit, 302
Broadcasting band, 400
Bromine, 214, 415
Brontosaurus, 94
Bronze, 140
Brooke’s comet, 57
Brownian motion, 18§
Buoyancy, 155, 248
Byrd, Admiral Richard, 105

C

Cacsar, 81

Caisson, 154

Calcareous rock, 118

Calcite, 116, 406

Calcium carbonate, 115
chloride, 257
hydroxide, 213, 252

Calendar, 81

Calendar reform, 81

Calm belts, 161

Caloric, 301

Calorie, 302

Cambrian Period, 92

Camera, 350

Canaries current, 99

Cancer, constellation of, 49

Candle power, 339

Capella, 23, 29

Carbohydrates, 230

Carbolic acid, 223

INDEX

Carbon bonds, 220
bulb, 51, 144
compounds, 221
dioxide, 144, 204
monoxide, 204
tetrachloride, 222, 269
Carbonaceous rock, 118
Carbonates, 115
Cascin plastics, 279
Cassiopera, 30
Castor oil, 225
Catalyst, 19, 130, 275
Cathode, 404
rays, 403
Ceclanesc, 277
Cclestial equator, 24, 80
Cellophane, 277
Cellulose, 277
acctate, 277, 361, 380
nitrate, 277
products, 277
Cement, 133
Cenozoic cra, 94
Centigrade thermometer, 304
Centrifugal force, 288
Centrosphere, 66
CepheiJ variable, 33
Ceres, 52
Cesium, 195
Chadwick, James, 414
Chalcedony, 89
Chamberlin, Thomas, 58
Change of state, 307
Charles’ Law, 148
Chemical energy, 202
experiments, 217
formulas, 206
symbols, 206
table, 214
warfare, 215
Chemistry, 202
experiments, 217, 229
organic, 219
Chlorination, 250
Chlorine, 214
Chloroform, 222
Chlorophyll, 144, 342
Chloroprenc, 227
Chromium steel, 140
Chromosphere, 8
Circumpolar whirl, 164
Citric acid, 210, 214
Civil day, 77
Cleansing, 265
experiments, 271
Cleavage of rocks, 111
Clock, 82
Clothing, 272



Clouds, 170
cumulo-nimbus, 166
Coagulation, 250
Coal, anthracite, 123
bituminous, 119
Coal products, 131
Sack, 23
tar, 132
Cochincal, 225
Cochlca, 326
Coke, 132
Cold front, 174
Collud, 90, 185, 259
Brownian motion n, 185
experuments, 264
formation of, 261
preparation of, 261
Color, 342
blindness, 344
photography, 344
Combustion, 204
Comet, 55
Compass, 377
Compound microscope, 349
Compressed air, 154
Compton, A. H., 417
Concrete, 133
Concurrent forces, 290
Condenser, 357, 370, 397
Conduction of hcat, 312
Conductor, clectrical, 371
Conglomcrate, 118
Conjunction, 42-43
Conservation of cnergy, 284
Consonance, 332
Constellations, 21
Contact lens, 355
Convection, 312
Coolidge, W. P., 339, 404
Coolidge tube, 405
Copernicus, 1, 53, 65, 121
Copper, 136-140
Cordite, 215
Corex, 134
Cornea, 354
Corona, 8, 389
Corpuscle, 196
Cosmic rays, 417
Cotton, 274
Cotton-seed oil, 130
Cottrell process, 262
Crater,
lunar, 40
Mctcor, 40
Crater Lake, 67
Crisco, 232
Cro-magnon man, 95
Crookes tubcs, 403

INDEX

Crystallography, 112
Cri',.stals,gllzp Y
Cubic crystals, 112
Cullinan diamond, 114
Curic, Irene, 414
Marie, 404, 411
Current, alternatng, 379, 386
direct, 366, 371
Cycle, 398
Cyclone, 164
Cyclotron, 200

Cygnus, 413

Dalton, John, 183
Datc line, 80
Davisson, C. J., 349
Davy, Humphrey, 208
Dead spots, 329
Deccibel, 326
Declination, 28, 80
DcForest, Lec, 397
Density of air, 151
Destructive distillation, 142
Detergents, 268
Deuterum, 430
Decuteron, 200, 430
Dcvonian Period, 93
Dew, 168

point, 169
Diabase, 121
Diamonds, 113
Diastrophism, 84
Diatonic scale, 331
Diesel engine, 318
Diet, 230

Diffraction grating, 194, 197, 336

Digestion, 202, 232
Diopter, 347
Diorite, 126
Diplodocus, 94
Direct current, 391
Dirigible, 157
Dirt, 265
Dispersion, 345
Distillation, 250
Doldrums, 162
Dolomite, 118
Doorbell, 384
Doppler principle, 9, 51
Dougle Star Theory, 59
Dowmetal, 140, 149
Drifts, occan, 96
Drought, 167
Drugs, 225
Dry cell, 371
cleaning, 269
ice, 310
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Duco, 219
Duralumin, 138

Dust Bowl, 107
Dyes, 224

Dynamic speaker, 394

Ear, 325
Farth, 62
agce of, 70
changing crust of, 84
as a clock, 74
experiments, 73
as a magnet, 377
as a plancrt, 62
seasons, 62
shine, 44
structure, 66
Earthquake, 69
waves, 69
Fastman Theater Auditorium, 328
F.cho, 327
Eclipse, 42
Echptic, 49
Edison, Thomas, 339, 380, 393
Edison lamp, 339
Efficiency of, light sources, 341
machines, 297
transformiers, 388
Einstein, Albert, 18, 35, 289, 415
Flectric clock, 82
motor, 392
Electrical current, 366, 371
experiments, 381, 402
heating, 393
power, 365, 368
units, 364
Elcctricity, 364
condcnser, 370
experiments, 381, 401
insulator, 370
safety precaution, 368
static, 369
Electrolysis, 208
Flectromagnet, 384
Flectromagnetic, induction, 387
spectrum, 198
waves, 336, 394, 396, 404
Electromagnctism, 378

Electron, 187, 286, 336, 366, 379, 430

Electron gun, 357
microscope, 185, 349
volt, 415

Electroplating, 211
Element, 206
Emerald, 114
Emulsification, 265

INDEX

Emulsions, 269
Encrgy, 193, 283
conscrvation of, 284
transformation of, 285
Engine,
Dicsel, 318
internal combustion, 318
steam, 316
Enzymes, 234
Eosin, 354
Epsom salt, 214
Equations, chemical, 207
Equmoxes, 64

Equivalence of mateer and cnergy, 18

Era, 85
Erg, 415
Ergosterol, 358
Eros, 53
Erosion, 99, 107
Ether, cthyl, 269
Ether, the, 194
Ethyl alcohol, 222
gasoline, 129
Ethylene, 223
FEthylene glycol, 223, 257
Evaporation, 308
Everest, Mt., 96
Expansion, 305
cocefficient of, 306
Explosives, 215
Eyc, 354, 358

Fahrenheit thermometer, 304

Faraday, Michaecl, 208, 223, 384, 387, 391,

395
Farnsworth, Philo, 356
Fats, 231
Feldspar, 117
Fermi, Enrico, 415
Ferrel's Law, 163
Film, color, 343
motion picture, 358
photographic, 351
sound, 358
Filtration, 250
Fission theory, 60
Flax, 273
Fleming, Ambrose, 397
Fluorescence, 112, 340, 359
Fluorine, 192
Fluorite, 359
Foams, 260
Focal length, 347
Fog, 169
Food value, table, 234
Foods, 230



Foot-candle, 342
Force, 287
Formulas, 206
Fossil, 72, 84, 87, 91

fish, 116
Foucault pendulum, 65
Franklin, Benjamin, 370
Franklin Institute, 14
Fraunhofer, ]J., 23
Fraunhofer hines, 8, 16, 23
Freon, 222, 310
Frequency, 194
Frequency modulation, 400
Friction, 298
Frost, 169
Fuel values, 311
Fur, 276
Fuses, 367
Fusion, heat of, 307

G

Galaxy, 34
Galileo, 1, 12, 53, 54, 143, 287, 304, 346
Galle, Johann, §5
Galton whistle, 335
Galvanometer, 386
Gamma ray, 197, 200, 412, 414, 430
Garden of the Gods, 107
Garnet, 122
Gas refrigerator, 311
Gases, nature of, 147
Gasolmne, 129
engine, 317
Gastric digestion, 235
Geber, 202
Geiger counter, 418
Gel, 261
Gemini, 49
Gems, 113
Generator, 390
Geologic ages, 85, 90, 144
table of, 85
German silver, 140
Geyser, 102
Glacial periods, 106
Glaciers, 104
Glass, 133
Glycerin, 223
Gneliss, 90, 108, 122
Gold, 137
Grand Canyon, 86, 90, 103
Granite, 108, 120
Ciravitation, 287
theory of, 289
Grease removal, 269
Greenhouse, 315
Greenwich, 78
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Gregorian calendar, 81
Ground watcr, 100
Gulf Stream, 99, 312
Guncotton, 215

Gunn, Ross, 59
Gunpowder, 215
Gypsum, 117
Gyroscope, 378

H

Hail, 169
Hair hygrometer, 168
Hale, George, 10, 14, 379
Halley’s comet, 56
Halo, 38
Hard water, 252
Hardness scale, 111
Harmonics, 327
Heat, 301
conduction of, 312
convection, 312
cxperiments, 320
fusion of, 307
radiation of, 313
transfer of, 312
of vaporization, 308
Hcliocentric parallax, 33
system, 12-13
Heclium, 16, 146, 155, 200, 411
Helmholtz, Hermann, 18, 344
Hematite, 135
Hemp, 274
Henry, Joseph, 387
Hershel, William, 54
Hertz, einrich, 395
Ihigh pressure arca, 166
Toar frost, 169
Hormones, 242
Hornblende, 117
Horse latitudes, 163
power, 293
Hot air furnace, 312
Hour glass, 82
Houscﬁold chemicals, 214
Hunndiguides, 168
Humidity, 166, 179
measurement, 168
tables of, 425
Humus, 109
Hurricane, 164
Huygens, Christian, 82
Hydraulic press, 246
Hydrocarbons, 129, 221
Hydrochloric acid, 210
Hydrofluoric acid, 339
Hydrogen. 192
Hydrogen chloride, 210
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Hydrogenation, 130, 275
Hydrometer, 247
Hydroquinon, 352
Hydrosphcre, 66, 96
eaperunents, 110
Hydroayl 10ns, 212
Hyperopia, 355
Hypo, 257, 352

latro-chemistry, 203
Ice, 89, 104, 245, 307
Iceberg, 104

Iceland, 102
Iconoscope, 357
Igneous rock, 119
Hlumination, 339-342
Inclined plane, 297
Index of refraction, 345
Indicators, 218

Indigo, 225

Induced currents, 388
Inductance, 397
Infrared, 354

Ink stams, 270
Insolation, 63
Insulators, 370

Insulin, 242
Interference, 194, 336
Internal combustion engine, 318
International Date Line, 80
Intestinal digestion, 235
Tonization, 208, 413
Tonosphere, 11, 208, 399
Ions, 192, 209

Iron, 137, 192

Isomer, 219

Isotopes, 414, 430

Jaggers, Dr., 68
Japan current, 99
Jasper, 89

Jeans, James, 58
Joliot, Fiederick, 414
Jolly, John, 288
Joule, Prescott, 301
Julian calendar, 81
Jupiter, 53, 143
Jurassic, 94

Jute, 274

Keewatin, 106
Kekulé, Frederick, 223

INDEX

Kepler, Johannes, 49, 76, 287

Kepler's Laws, 76
Kerosene, 129

Kilauea, 67

Kilocycle, 396

Kilowatt hour, 367
Kinetic energy, 284, 396
Kodachrome, 343
Krakatoa, 67

Krypton, 143, 146

Land, Edwin, 361
Land breeze, 162
Langmurr, Irving, 191
Laplace, Picrre, 58, 66, 90
Latitude, 78
Lava, 68
Lavosier, Antoine, 144, 211
Law of areas, 76
gravitation, 287
machines, 297
Lawrence, Ernest, 413
Laws of motion, 287
Lead, 137
Leavitt, Henrietta, 33
Icavitt-Shapley Law, 34
Legume, 109
Lens, 346
contact, 35§
Lever, 294
Lever applications, 296
Lift punip, 152
Light, 336
efficiencies, table of, 341
experiments, 362
monochromatic, 336
polarizcd, 359
speed of, 8, 31, 345
sourccs, 341
year, 22, 37
Lightning, 372
Lightning rods, 374
Lignitc, 118
Limestone, 116, 118
Limewater, 252
Linc spectrum, 15, 196
Linen, 273
Linseed oil, 232
Liquid air, 145
Lithium, 415
Lithosphere, 66
Loadstone, 376
Loam, 109
Longitude, 78
Loud speakers, 394
Low pressure areas, 165
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Lowell, Percival, 51, §5 Metol, 352
Lowell Obscrvatory, 55 Mica, 117
Lucite, 135 Mica schist, 122
Lumen, 339 Michelson, Abraham, 31
Lunar eclipses, 43 Micron, 259
Lupus, 359 Microphone, 364
Lye, 212 Microscope, 183, 346, 348
Lyra, 74 compound, 349
electron, 349
M expermments, 363
resolving power, 350
Machines, 283, 294 simple, 348
experiments, 300 Microwave, 400
Magellanic clouds, 33 Midnight sun, 64
Magnesium hydroxide, 213 Miulk of magnesia, 213
sulfate, 214 Milky Way, 34
Magnetic compass, 378 Millikan, Robert, 186, 417
force, 391 Mullon’s Reagent, 282
storms, 11 Mincrals, 111
Magnetism, 376 Minor scale, 332
Magncro, 286 Mirror, 14, 338
Magnets, 376 Mississippian period, 93
Magnification, 183, 348 Molecule, 183
Major scale, 331 motion of, 148
Marble, 116, 123 Monel metal, 140
Marco Polo, 346 Monochromatic highe, 336
Marconi, Guglicmo, 397 Monsoons, 162
Marimba, 333 Month, 41, 74
Mars, 7, 49, 51, 305 Moon, 38, 74, 336
Matter, states of, 307 craters, 39
Mauna loa, 68 echipses, 42
Mauve, 224 experiments, 48
Maxwell, Jimes Clerk, 394 motion, 41
Mean solar time, 76 origin of, 47
Mechanical advantage, 297 phases of, 41
refrigerator, 310 temperatures, 41
Mechanism of speech, 334 Mormon Tabernacle, 325
Medicines, 225 Mosaic, 357
Melamine, 280 Motors, 392
Mendeléef, Dimitri, 185 Moulton, F. R,, 58
Mercury, 43, 50, 138, 153, 340 Mt. Everest, 96
arc, 359 Mt Palomar, 14
baromcter, 153 Ale. Wilson Observatory, 11, 14
metal, 138 Music, 331
oxide, 204 Musical instruments, 333
planet, 50 Mustard gas, 216
Meridian, 74, 76 Myopia, 355
Mecsa, 103
Meson, 417, 430 N
Mesozoic cra, 94
Metals, 135 Naphthalene, 223
Metamorphic rocks, 121 Nature of gases, 147
Metcor Crater, 40 Nebulae, 35
Meteorites, 57 Ncbular hypothesis, 58, 90
Meteors, 18, 55 Neon, 343
Methacrylates, 280 Neoprene, 227
Methane, 221 Neptunc, 54

Methanol, 222 Neuron, 356
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Neutralization, 213 Oxygen, 144
Neutron, 189, 200, 411, 414, 430 Ozone, 150
New Zealand, 102

Newcomen, Thomas, 316

Newton, Isaac, 2, 15, 183, 194, 200, 287,

336, 395 Paleozoic era, 91
Niacin, 239 Panchromatic, 354
Nia Falls, 72, 103 Paracelsius, 203
Nickel, 140 Paraffin, 119
Nitrocellulose, 278 Parallax, 32
Nitrogen, 144 heliocentric, 33
Nitrogen fixing bacteria, 109 Parawax, 129
Nitroglycern, 215 Paricurin, 67
Nobel, Alfred, 215 Pearl, 115
Noise, 331 Peat, 118
Nonfreeze mixture, 257 Pelee, Mt., 68
North Circumpolar group, 29 Pendulum, 82
Northern Lights, 376 oscillations of, 82
Novae, 23 Pennsylvanian period, 93
Nuclear disintegration, 203, 414 Pentane, 129
Nucleon, 414, 430 Peptization, 266
Nucleus, 200 Perfumes, 225
Nujol, 129 Perihelion, 62
Nutrition, 230 Period, geologic, 85
cxperiments, 243 Periodic Table, 184
Nylon, 278 Perkin, Wilhiam, 132, 224
Permalloy, 140
o Perpctual motion, 298
Perrin, Jean, 185
Obelisk, 82 Perturbations, 55
Obsidian, 120 Petrified forest, 89
Ocean currents, 96 Petroleum, 119, 128
decps, 330 products, 129
Qceans, 96 Phenol, 223
Qctane, 221 Phenolphthalein, 226
Oersted, H. C., 378, 384, 392 Philosopher’s Stone, 202
Ohm, George Simon, 365 Phosgcene, 216
Ohm’s Law, 365 Phosphorescence, 409
Qil drop apparatus, 188 Photoclectric cell, 195, 356, 357
old Faithfurgcyser, 103 Photographic film, 351, 356
Oleomargarine, 232 Photography, 352
Opal, 115 experiments, 363
Opium, 225 Photomicrograph, 349
Opposition, 42 Photon, 336, 430
Optical pyrometer, 134 Photosphere, 8
Orbit, 77 Piezoelectric effect, 324
Ordovician period, 92 Pisces, 49
Ores, 135 Pitch, 324
Organ of Corti, 326 Pitchblende, 135, 411
Organic synthesis, 220 Planck, Max, 195
QOrion, 7, 21 Planetarium, 49
Orion nebula 36 Planctary wind belts, 161
Orthochromatic, 354 Planetesimal hypothesis, 58, 90
Qkscillation, 395 Plancts, 49
Oscillator, 413 experiments, 61
Osmosis, 226, 257 table of, 50
Overtones, 327 Plastics, 279, 355

Oxidation, 204 melamine, 280



Plastics— (Continued)
methacrylates, 280
nylon, 278, 280
phenol, 280
polystyrene, 281
urea formaldchyde, 280
vinyl, 281
Platinum, 137
Plesstocene period, 87, 94, 105
Plestosaurus, 94
Pluto, 55
Plutonic rock, 120
Plutonmum, 416, 430
Ponon gas, 216
Polaris, 24, 80
Polarized hghe, 194, 359
Polaroid, 361
Polonum, 411
Polystyrene, 281
Pompen, 69, 90
Pororoca, 47
Positron, 215, 417, 430
Potassium bromude, 352
hydroxide, 266
Potential difference, 364, 374
.energy, 283,396
Power, 293
Precipitation, 168
Presbyopia, 355
Pressure of air, 150, 246
Prevailing westerlies, 99, 164, 175
Priestley, Joseph, 145, 204
Prism, 15
Promimences, 8
Protcrozoic era, 91
Proton, 22, 189, 200, +11, 430
Proxima Centauri, 58
Pterodactyl, 94
Prolemy, 11, 12
Pumice, 120
Purification of water, 249-251
Pyrex, 133
Pyrite, 117
Pyrometer, 134
Pyroxine, 118

Q

Quadrature, 42

Quality of tone, 326
Quanta, 336

Quantum theory, 195, 405
Quartz, 89, 115, 116, 324
Quartzite, 108, 122

Radar, 400
Radiation, 193, 197

INDEX

cxperiments, 201
Radical, 207
Radio rccewvers, 399
tube, 398
wavcs, 394
Radioactivity, 72, 403, 409
experiments, 418
Radioiodine, 416
Radiometer, 314
Radiosodum, 417
Radum, 18, 72, 135, 411, 414
Radon, 200, 411, 414
Rain, 169
Rainbow, 151, 345
Ramadan, 74
Rancho La Brea, 87
Rayon, 277
Receiving sct, 345
Reduction, 204
Reflection, of light, 338
of sound, 325
Refraction, index of, 345
of hght, 344
Refrigeration, 310
Rcfrigcrators, 310
Relative hunndity, 166
determination of, 168
table of, 425
Reclativity, 18
Resistance, clectrical, 367
Resolving power, 183, 350
Retina, 356
Reverberations, 327
Revolution, 12
Rhcostat, 381
Rhombic crystal, 113
Riboflavin, 239
Rickets, 242
Right ascension, 28
Rock sale, 112
Rockets, 150
Rocks, 111
experuments, 124
identification of, 124
igneous, 119
metamorphic, 121
products of, 128
sedimentary, 118
Roentgen, Konrad, 186, 404
Rotation, 12
Rotor, 391
Rubber, 226
butyl, 227
synthetic, 227
Ruby, 115
Rumford, Count, 301

Rutherford, Ernest, 191, 196, 411, 412
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S Soil, 107
Solar constant, 16
Sabine, W. C,, 327 eclipse, 43
Safety glass, 134 prominences, 9
precautions, 368 radiation, 16
Sagittarius, 49 system, 49, 57-59
Salt, 213 system atom, 191
Sand, 107 time, 76
Sandstone, 118 Sols, 259
Sapphure, 114 Solubility, 255-256
Sargasso Sea, 99 temperature graph, 256
Satellite, 55 Solute, 257
Saturated water vapor table, Solution, 255
426 of ammonia, 255
Saturn, 54, 58 concentrated, 257
Scale, 331-333 conditions affecting, 255
diatonic, 331 dilute, 257
major, 331 experiments, 264
minor, 332 saturated, 257
tempered, 332 supersaturated, 257
Scheele, William, 204 Solvent, 256
Schiaparelli, 51 Sosigenes, 256
Schist, 122 Sound,
Seasons, 62 expermments, 335
Sedimentary rocks, 118 motion pictures, 357
Scismograph, 69 quahty of tone, 326
Scr;l)cntme, 117 speed of, 325
Shale, 122 waves, 324
Short circuit, 368 Specific gravity, 247, 372
wave, 400 determination of, 247
Sidcreal time, 74 table, 247
Silica, 116 heat, 302
Silicates, 116 table, 303
Siliceous rocks, 118 Spectra, 23
Silicon dioxide, 116 types of, 23
Silk, 272 Spectroscope, 10, 15, 17, 53, 192
Silurian period, 92 Spectrum, 376
Silver bronude, 352 clectric wave, 198
metal, 137 flash, 16
colloidal, 261 line, 196
sterling, 141 Spiral nebula, 34
nitrate, 352 Stain removal, 270
Siphon, 152 Stainless steel, 140
Sirius, 22, 23, 30, 288 Stalactite, 101
Slate, 122 Stalagmite, 101
Slect, 170 Standard time, 77
Smokeless powder, 215 Staphylococcus aureus, 350
Snow, 170 Star, 21
Soap, 266 cluster, 24
Sodium, 16 distances, 31
bicarbonate, 214 cxperiments, 37
carbonate, 214 magnitude, 29
chloride, 192, 214 maps, 26, 27, 28, 29, 30, 432
hydroxide, 212 plotting, 28
light, 339 spectra, 23-25
palmitate, 266 table, 23
silicate, 268 Starch, 230

thiosulfate, 352 Static clectricity, 369



Stator, 391
Stcam engine, 316
turbme, 315
Stecl, 137
Stevens and Andcerson, 149
Storage cell, 371
Storms, 163
Stratosphere, 149
Streak of nunerals, 112
Sugar, 230
Sulfanilammde, 223
Sulfur dioxide, 310
Sulfuric acid, 212
Sun, 7, 336
dal, 336
cchpse, 42
experiments, 20
heat, 16
origin of, 3§
rotation of, 9
spectrum of, 15
spots, 10, 379
Surface tension, 266
Suspensions, 262
Swire deep, 96
Syenire, 121
Symbols, chemical, 206
Syncline, 86

Talc, 118
Talking movics, 358
Tar, 132
Telephone, 393
Telescope, 13, 346
Television, 356
Temperature, 301
table, 304
Tempered scale, 332
Tetra-cthyl-lead, 129
Textile chart, 282
fibers, 272
identification, 282
Textiles, 272
experiments, 282
Thermions, 380
Thermit, 206
Thermocouple, 24, 305
‘Thermometer, 303
scale, 304
wet and dry bulb, 168
Thiamine, 238
Thomson, J. J., 186
Thunderstorm, 166, 372
‘Thyroxine, 242
Tidal theory, 58
Tides, 44
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Time belts, 77
mean solar, 76
stdercal, 74
standard, 77
zones, 79
Tone quahty, 326
Tornado, 164
Tourmaline, 361
Trade winds, 96, 163, 312
Transformers, 379, 387
Transmutation, 414
Travertine, 101, 118
Trassic period, 89, 94
Trilobte, 92
Trnitrotoluene, 215, 223
Tropic of Cancer, 63
Capricorn, 63
Troposphere, 149
Tungsten, 339
Tuning fork, 323
Tussah silks, 273
Typhoon, 164
Tyrian purple, 225

Ultra-microscope, 260
Ultrasonic waves, 150, 324
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Ultraviolet, 134, 151, 199, 250, 340, 349,

358, 416
Unconformuy, 85
Units, 424
Universe, 35
Uranium, 72, 113, 191, 409
Uranmum series, 431
Uranus, 54
Urea, 219
Ursa Major, 21
Ussher, Bishop, 72

v

Vacuum discharge, 187
tube, 397

Valence, 208

Vapor density table, 426
pressure table, 426

Vaporization, heat of, 308

“Vaseline,” 129

Vega, 28, 74

Velocity, 286

Velocity of escape, 39

Venus, 30, 50

Vernal equinox, 28, 64, 75

Vesuvius, 68

Vibration, 323

Vincgar, 214

Vinyl, 281



450

Viscose, 277
Visible spectrum, 336
Vision, 354
Visual purple, 356
Vita-glass, 359
Vitamins, 235

C, 240

D, 240, 358

table of, 236
Vocal cords, 334
Volcano, 66
Volt, 365
Volta, 370
von Guericke, Otto, 143
von Laue, M., 406

w

Warm front, 174
Washing soda, 214
Water, 245
boiling point of, 309
composition of, 245
density of, 245
clectrolysss of, 209
cxpansion of, 307
cxperiments, 254
heat of fusion of, 307
pressure, 245
purification of, 249-251
softening, 252
table, 100
vapor, 167
Watt, 365, 388
Watt, James, 293, 316
WWatt hour, 367
Wave length, 199
Waves,
compressional, 323
carthquake, 69
light, 199
]ongitudinal, 322
radio, 198
short, 400
sound, 324
ultrasonic, 324
wireless, 397

INDEX

Weather, 160, 173
Bureau, 175
causc of, 161
experiments, 182
forecasting, 175
maps, 175
Weights and measures, 424
Westerlies, 99, 164, 175
Whistling flame, 324
Willemite, 113
Wilson, C.T.R., 187
Wind belts, 161
erosion, 107
Winds, 160, 162
Wircless waves, 397
‘Wohler, Friedrich, 219
Wood's Metal, 139
Wool, 275
Work, 292
World calendar, 82
map, 79

Xenon, 146

X-rays, 197, 200, 403
diffraction, 406
experiments, 418
in medicine, 408
spectra, 406
spectronicter, 407

Y

Yellowstone gorge, 103
ark, 101
Young, Thomas, 194, 336, 344

z

Zeeman effect, 11
Zenith, 28

Zeolite, 252

Zinc sulfide, 359
Zodiacal positions, 49, 75
Zworykin, Vladimir, 277, 356



























	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif
	00000022.tif
	00000023.tif
	00000024.tif
	00000025.tif
	00000026.tif
	00000027.tif
	00000028.tif
	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif
	00000038.tif
	00000039.tif
	00000040.tif
	00000041.tif
	00000042.tif
	00000043.tif
	00000044.tif
	00000045.tif
	00000046.tif
	00000047.tif
	00000048.tif
	00000049.tif
	00000050.tif
	00000051.tif
	00000052.tif
	00000053.tif
	00000054.tif
	00000055.tif
	00000056.tif
	00000057.tif
	00000058.tif
	00000059.tif
	00000060.tif
	00000061.tif
	00000062.tif
	00000063.tif
	00000064.tif
	00000065.tif
	00000066.tif
	00000067.tif
	00000068.tif
	00000069.tif
	00000070.tif
	00000071.tif
	00000072.tif
	00000073.tif
	00000074.tif
	00000075.tif
	00000076.tif
	00000077.tif
	00000078.tif
	00000079.tif
	00000080.tif
	00000081.tif
	00000082.tif
	00000083.tif
	00000084.tif
	00000085.tif
	00000086.tif
	00000087.tif
	00000088.tif
	00000089.tif
	00000090.tif
	00000091.tif
	00000092.tif
	00000093.tif
	00000094.tif
	00000095.tif
	00000096.tif
	00000097.tif
	00000098.tif
	00000099.tif
	00000100.tif
	00000101.tif
	00000102.tif
	00000103.tif
	00000104.tif
	00000105.tif
	00000106.tif
	00000107.tif
	00000108.tif
	00000109.tif
	00000110.tif
	00000111.tif
	00000112.tif
	00000113.tif
	00000114.tif
	00000115.tif
	00000116.tif
	00000117.tif
	00000118.tif
	00000119.tif
	00000120.tif
	00000121.tif
	00000122.tif
	00000123.tif
	00000124.tif
	00000125.tif
	00000126.tif
	00000127.tif
	00000128.tif
	00000129.tif
	00000130.tif
	00000131.tif
	00000132.tif
	00000133.tif
	00000134.tif
	00000135.tif
	00000136.tif
	00000137.tif
	00000138.tif
	00000139.tif
	00000140.tif
	00000141.tif
	00000142.tif
	00000143.tif
	00000144.tif
	00000145.tif
	00000146.tif
	00000147.tif
	00000148.tif
	00000149.tif
	00000150.tif
	00000151.tif
	00000152.tif
	00000153.tif
	00000154.tif
	00000155.tif
	00000156.tif
	00000157.tif
	00000158.tif
	00000159.tif
	00000160.tif
	00000161.tif
	00000162.tif
	00000163.tif
	00000164.tif
	00000165.tif
	00000166.tif
	00000167.tif
	00000168.tif
	00000169.tif
	00000170.tif
	00000171.tif
	00000172.tif
	00000173.tif
	00000174.tif
	00000175.tif
	00000176.tif
	00000177.tif
	00000178.tif
	00000179.tif
	00000180.tif
	00000181.tif
	00000182.tif
	00000183.tif
	00000184.tif
	00000185.tif
	00000186.tif
	00000187.tif
	00000188.tif
	00000189.tif
	00000190.tif
	00000191.tif
	00000192.tif
	00000193.tif
	00000194.tif
	00000195.tif
	00000196.tif
	00000197.tif
	00000198.tif
	00000199.tif
	00000200.tif
	00000201.tif
	00000202.tif
	00000203.tif
	00000204.tif
	00000205.tif
	00000206.tif
	00000207.tif
	00000208.tif
	00000209.tif
	00000210.tif
	00000211.tif
	00000212.tif
	00000213.tif
	00000214.tif
	00000215.tif
	00000216.tif
	00000217.tif
	00000218.tif
	00000219.tif
	00000220.tif
	00000221.tif
	00000222.tif
	00000223.tif
	00000224.tif
	00000225.tif
	00000226.tif
	00000227.tif
	00000228.tif
	00000229.tif
	00000230.tif
	00000231.tif
	00000232.tif
	00000233.tif
	00000234.tif
	00000235.tif
	00000236.tif
	00000237.tif
	00000238.tif
	00000239.tif
	00000240.tif
	00000241.tif
	00000242.tif
	00000243.tif
	00000244.tif
	00000245.tif
	00000246.tif
	00000247.tif
	00000248.tif
	00000249.tif
	00000250.tif
	00000251.tif
	00000252.tif
	00000253.tif
	00000254.tif
	00000255.tif
	00000256.tif
	00000257.tif
	00000258.tif
	00000259.tif
	00000260.tif
	00000261.tif
	00000262.tif
	00000263.tif
	00000264.tif
	00000265.tif
	00000266.tif
	00000267.tif
	00000268.tif
	00000269.tif
	00000270.tif
	00000271.tif
	00000272.tif
	00000273.tif
	00000274.tif
	00000275.tif
	00000276.tif
	00000277.tif
	00000278.tif
	00000279.tif
	00000280.tif
	00000281.tif
	00000282.tif
	00000283.tif
	00000284.tif
	00000285.tif
	00000286.tif
	00000287.tif
	00000288.tif
	00000289.tif
	00000290.tif
	00000291.tif
	00000292.tif
	00000293.tif
	00000294.tif
	00000295.tif
	00000296.tif
	00000297.tif
	00000298.tif
	00000299.tif
	00000300.tif
	00000301.tif
	00000302.tif
	00000303.tif
	00000304.tif
	00000305.tif
	00000306.tif
	00000307.tif
	00000308.tif
	00000309.tif
	00000310.tif
	00000311.tif
	00000312.tif
	00000313.tif
	00000314.tif
	00000315.tif
	00000316.tif
	00000317.tif
	00000318.tif
	00000319.tif
	00000320.tif
	00000321.tif
	00000322.tif
	00000323.tif
	00000324.tif
	00000325.tif
	00000326.tif
	00000327.tif
	00000328.tif
	00000329.tif
	00000330.tif
	00000331.tif
	00000332.tif
	00000333.tif
	00000334.tif
	00000335.tif
	00000336.tif
	00000337.tif
	00000338.tif
	00000339.tif
	00000340.tif
	00000341.tif
	00000342.tif
	00000343.tif
	00000344.tif
	00000345.tif
	00000346.tif
	00000347.tif
	00000348.tif
	00000349.tif
	00000350.tif
	00000351.tif
	00000352.tif
	00000353.tif
	00000354.tif
	00000355.tif
	00000356.tif
	00000357.tif
	00000358.tif
	00000359.tif
	00000360.tif
	00000361.tif
	00000362.tif
	00000363.tif
	00000364.tif
	00000365.tif
	00000366.tif
	00000367.tif
	00000368.tif
	00000369.tif
	00000370.tif
	00000371.tif
	00000372.tif
	00000373.tif
	00000374.tif
	00000375.tif
	00000376.tif
	00000377.tif
	00000378.tif
	00000379.tif
	00000380.tif
	00000381.tif
	00000382.tif
	00000383.tif
	00000384.tif
	00000385.tif
	00000386.tif
	00000387.tif
	00000388.tif
	00000389.tif
	00000390.tif
	00000391.tif
	00000392.tif
	00000393.tif
	00000394.tif
	00000395.tif
	00000396.tif
	00000397.tif
	00000398.tif
	00000399.tif
	00000400.tif
	00000401.tif
	00000402.tif
	00000403.tif
	00000404.tif
	00000405.tif
	00000406.tif
	00000407.tif
	00000408.tif
	00000409.tif
	00000410.tif
	00000411.tif
	00000412.tif
	00000413.tif
	00000414.tif
	00000415.tif
	00000416.tif
	00000417.tif
	00000418.tif
	00000419.tif
	00000420.tif
	00000421.tif
	00000422.tif
	00000423.tif
	00000424.tif
	00000425.tif
	00000426.tif
	00000427.tif
	00000428.tif
	00000429.tif
	00000430.tif
	00000431.tif
	00000432.tif
	00000433.tif
	00000434.tif
	00000435.tif
	00000436.tif
	00000437.tif
	00000438.tif
	00000439.tif
	00000440.tif
	00000441.tif
	00000442.tif
	00000443.tif
	00000444.tif
	00000445.tif
	00000446.tif
	00000447.tif
	00000448.tif
	00000449.tif
	00000450.tif
	00000451.tif
	00000452.tif
	00000453.tif
	00000454.tif
	00000455.tif
	00000456.tif
	00000457.tif
	00000458.tif
	00000459.tif
	00000460.tif
	00000461.tif
	00000462.tif
	00000463.tif
	00000464.tif
	00000465.tif
	00000466.tif
	00000467.tif
	00000468.tif
	00000469.tif
	00000470.tif
	00000471.tif
	00000472.tif
	00000473.tif

