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Your Highness,

In laying before the public this little book—the
_ fruit of the very few leisure hours in the daily work of a Missionary in
India—and dedicating it to Your Highness a few words of explanation
will not be out of place. Your Highness, whose name is so intimately
connected with the progress of learning and science in this part of India,
has taken such cordial interest in all attempts at the production of a
Malayalam literature, that as soon as I decided upon writing a book on
Physics in Malayalam, I made up my mind to solicit Your Highness’s
interest and sympathy. 1 did so not only to secure for my book Your
Highness’s approval and patronage, which is highly necessary for a book
of this kind written by a foreigner, but also to take advantage of an op-
portunity to express my deeep respect for Your Highness, the Mecaenas
of Malabar, whose aspirations and aims agree in many respects with those
of the author of this book—how different soever the spheres of life and
the points of view may be.

In justification of my writing a book on Physics 2 Malayalam my
opinion has been most eloquently expressed by the Lord Bishop of Lahore
(in a lecture on the Lahore University) in the following words: “What
I plead for is, let the broad and fair stream of knowledge, which has been
swollen from a thousand Eastern and Western affluents in our English
literature, be deduced and parted into hundreds of rivulets reaching through
the Vernaculars of India to the myriad homes and hearths of the people
of this great country. Let no patriotic and public spirited man say, you
shall be kept in ignorance of the most pregnant and beneficial discoveries
and the most perfect mind-growths of the ages, except you will pass through
the gate of the English tongue or some other still less accessible language.”’
It seems to me that no one interested in the Malayalam language and in
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the cause of education in this country can feel satisfied with the way in
which it is used officially in this country. The spirit of the language and
its standard must be impaired, if not only middle and higher education are
entirely conducted through the channel of a foreign language, but also if
almost the whole spiritual exchange takes place in English, if all the scien-
tific acquisitions and everything above the level of common daily life are
communicated through the medium of a language understood only by a few
initiated.

The fatal consequences of this state of things are obvious. What
the Lord Bishop of Lahore says is really a matter of fact. The gap between
those, who have the benefit of English education and the vast number of
such as are excluded from education increases every day and, even between
such as are joined by natural and the closest and holiest ties, a barrier is
raised, which makes spiritual exchange impossible.

Another fatal consequence of this undue predominance of English in
our Malabar education seems to me to lie in this, that even with those, to
whom English education is accessible, the whole of their knowledge must
rest on unsafe ground. One’s own language is not a mere accidental thing;
it is in a language that the spiritual physiognomy—the peculiarity of a
pation—finds expression. Languages cannot be changed like a dress; if
done so, much of the genuineness and originality of a nation would be
lost. There is much truth in the saying of an ancient philosopher, that
with every language we learn, a new soul comes to existence in us; and
truly, is not the Malayali talking in English quite a different person from
the same man speaking his native tongue ? But fully appreciating the ad-
vantage of having different tongues and different sources of knowledge at
one’s command should not the native tongue and that soul, which consti-
tutes our original self, be cultivated at first? And at a time, in which
English is not properly mastered, is it not absolutely necessary, that for
an entirely new subject the foundation should be laid in the Vernacular;
if not, can we have any guarantee, that the material taught has been
assimilated and has become a mental possession? Not only the words
even the thoughts and ideas ought to be translated into and moulded in
the native tongue. Only after knowledge has become thus a real spiritual
possession, we may hope, that erelong it will become a common treasure
of the nation, and only then a self-dependent co-operation in scientific in-
vestigations can be expected from the educated natives of this country.
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The way, in which things are managed now, must prove fatal to the
Janguage itself. Educated natives, if asked, why they do not use their
Vernacular in public, would tell us, that things cannot be expressed pro-
perly in Malayalam. There is no doubt about it, that if fresh material is
not introduced into the language, if most of the spiritual work is done in
another language, the use of Malayalam being restricted only to house-keep-
ing or bazaar transactions, the language must ultimately be impoverished.
But this is no peculiarity of the Malayalam language, the same would take
place with English or any other language, if neglected. The same diffi-
«culties would occur in every language, as often as a new science is intro-
duced. Let science be taught for some years in the Vernacular and let us
ask again, whether there be anything too sublime to be expressed in
Malayalam.

Bishop French, in the lecture mentioned above dealt also with the
difficulty of teaching physical science in the native language, and he is of
opinion, that the difficulty may easily be overcome by importing technical
words just as they have been imported into English. Asto the new ter-
minology necessary for a first book of this kind not more new words need
be introduced than in any other language. In this respect Dr. Gundert’s
Malayalam Dictionary, a work of which the language might be proud,
has been a mine of the most valuable material to me. If one can
help it, no English word should be used, as the two languages are hetero-
geneous. There is hardly anything more ridiculous and shocking than
some specimens of official Malayalam, in which without any necessity but
merely for convenience’ sake words like ¢ gamyands, HSH®I0S), @, el
etc.” are introduced ; it is the more to be pitied, as this want of taste is
also more and more gaining ground in colloquial language and in the issues
of the Malayalam Press. If we are in want of scientific terms in English
or German, we resort to Latin or Greek. As into Malayalam Sanskrit
terms may be introduced ad Zbizum, what could be more natural than
supplying our want of physical or metaphysical terms by borrowing
from Sanskrit, the classic language of the East.

As to the Malayalam of this book Your Highness in a speech delivered
on the occasion of the distribution of prizes to the students of Trevandrum
College has pointed out the want of a standard Malayalam, which might
be made the criterion of what is good and what is bad Malayalam. Every
language is divided into dialects and the language of books or the language
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of the educated is something, which step by step with the advance of education
develops itself by literary productions. As long as the educated people
of Malabar think it not worth while to write and express themselves in
Malayalam, we shall look out in vain for a standard Malayalam. There
was no book language in Germany until Luther translated the Bible into
German (the scientific language having been Latin). With an instinctive
grasp he made the dialect of the Saxon chancery the language of his
translation ; others wrote in the same style, and finally it was improved to
what we call High German. The difference of creed and hence the want
of one common family book must prolong this process in Malabar; but if
all educated natives of Malabar take a lively interest in their language and
utilize, what they have learnt in English, for their own people, it will be
seen erelong, what the standard Malayalam is. Writing from the Nor-
thern part of Malabar, I have no hesitation to call myself a humble pupil
of Dr. Gundert. The Malayilam of this eminent linguist is not an
exotic. Gifted with an extraordinary talent for languages, he not only
mastered in a short time the idioms of the language, but also detected by
a scarching glance, where the noblest Malayalam was spoken or written,
made this his language and continually enriched and improved it. In
spite of the great difference between the Northern and Southern dialect
in Malabar, the Revision of the New Testament in Malayalam, which was
completed last year, is a sufficient proof, that where Dr. Gundert’s writings
are really known, at any rate the langunage can be understood and a com-
promise is possible.

I was happy to have one of the educated Syrian Christian subjects of
Your Highness to read my book from the beginning to the end. Mr. G.
7. Vurgese ».s. was kind enough to consider with me every sentence and
‘call my attention to what in the South of Malabar would not be under-
stood. We avoided words used only in one part of Malabar, and even
preferred to take in a few places two words, in order to make the matter
understood everywhere. The help of this gentleman was the more valu-
able as he is also one of the few Graduates in this Presidency, who possess
a solid knowledge of Natural Science.

In passing over to the arrangement of the book, I shall be brief. My
principles are laid down in the two mottos of the book. Not for school
nor for any examination would T like to work and to teach, but through
school for life. Mr. Miller said the other day (Decennial Missionary Con-
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ference in Calcutta) “care was taken to impress on students that education
was a very different thing from passing examinations’’, and this is really
something very often forgotten by teachers as well as by pupils in this
country. The most valuable information and instruction produce no in-
terest, if the matter is not required for the examination in view. With
the intent, that not only school-going people, but also all, who would
like to understand the phenomena surrounding them, might use the book;
the first part of it has been written in Malayalam and almost all the
examples explained in this part are taken from daily life. As to the
instruction in schools the principle of this book is: “at first the matter
and then only the word”. We may also say at first the experiment and
then only the abstraction of the physical law (% Experimentia est revum
magistra”’). A rational instruction in science in classes, for which this
book has been written, should never begin with definitions of notions,
but with experiments or the phenomena of daily life. As in these classes
Physics is not yet a professional study, but a lesson given for general
education, for enlarging the spiritual horizon of the pupil and for creating
in him an interest for nature, not much of the mathematical method has
been introduced into his book, for it is a matter of fact, that a great many
students lose their interest and taste for physics by being troubled at the
very beginning with mathematical calculations and problems. Although
the mathematical method is indispensable in an advanced stage of its
study or to such as make physics a professional study, one may perfectly
understand the phenomena surrounding one without one’s being a great
mathematician. The simplest experiments are the phenomena of daily
life; on the observation of these the whole science rests as on its base,
and with the explanation of them the Malayalam part of this book chiefly .
deals. Beginning with these, discussing them and pointing out the under-
lying law in the Vernacular, a solid foundation can be laid. For sup-
plying the necessary terminology in English and for adding more difficult
matter which can be mastered after the principles and the facts of daily
life have been understood, the Repertory in English has been added.

It only remains for me to express my most hearty thanks for the kind
permission accorded to me to dedicate the book to Your Highness. It is
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especially gratifying to me to think that this condescension on the part
of Your Highness is associated with the occasion of Your Highness’s
visit to Madras for receiving the Insignia of the Most Exalted Order of
the Star of India. That Your Highness may in the good providence of
God, be long spared to dispense the blessings of a peaceful and enlighten-
ed Government is the earnest wish—the fervent prayer of

Your Highness’s Most Obedient Servant

February 1883.

L. Johannes Frohnmeyer.
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REPERTORY.

§ 1. Introduction. Definition of FPhysics and its
zelation to Natural History, C/emistry and other natural sciences
{Mal. Preface and Question 1-6).

Physics as well as Chemistry deal with inorganic bodies.
We call a body organic, if it by certain organs receives materials

from outside and partly assimilates and partly secretes them.
‘Other bodies are inorganic.

Natural Sciences.

A. Science of objects. B. Science of Phenomena.

Natural History. Nat. Philosophy.
1 2 3 4 5 6

Bodies ho- |Heterogeneous|Heterogeneons
mogeneous in in their masses in their masses
their masses.‘

Changes not Changes Changes
affecting the | affecting the | in organic
and without |and with spon-|composition of | eomposition

bodies.
spontaneous | taneous mo- bodies. of hodies.
motion. tion.

Mineralogy| Botany | Zoolagy I Fhysics \C/zemz’:try Fhysiology

CHAREER: L
General Propeities of Bodies.
7-108.

§ 2. Definition. 7. All bodies have a certain exten-

sion. Whatever occupies space is called maffer,; if matter is
limited we call it a dody.

What causes a change in a body we
call force.

A
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§ 3. We may distinguish between essential properties,
without which a body cannot be thought of as existing (exten-
sion and impenetrability), and @ccidental ones.

§ 4. 1) Extension or magnitude 8-r1. Mass, Volume,
Form of a body, Measure, its unit the metre.

§ 5. 2 Impenetrability. The space occupied by one
body cannot simultaneously be occupied by another. Seeming
penetrability (water poured upon a heap of sand) 12-17.

§ 6. 3) Porosity. Bodies never fill the whole space they
occupy. The pores are either sensible 18. 19. 20. 21. or inter-
molecular pores.

Examples: 18-30. Besides these: Chalk thrown into water;
filters (Chem. Primer, page 38); salt dissolved in water.

§ 7. A consequence of porosity is the Compressibility of
bodies. Hence: The density of a body (its mass being un-
changed) increases in proportion to the decrease of its volume.
If D=density of body, M its mass and V its volume, and &, 72
and 7 the corresponding figures for another body, we may say:

D:d=M.v:m.V or D=M
=

§ 8. 4 Divisibility. 31-35.  All bodies may be divided
into distinct parts. Some facts in Chemistry lead to the con-
clusion, that the divisibility of matter has a limit, while further
consideration has led to the supposition of the existence of the
so-called Afoms (extremely minute indivisible parts).  Certain
phenomena indicate further, that these atoms do not come in
contact with each other, but each of them is supposed to be sur-
rounded by an ¢fher-atmosphere (ether means an extremely fine
gaseous substance).

Remark. The existence of Atoms represents a dogma in natural
science; for the atoms are beyond the reach of experiments. To proceed
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from divisible parts to indivisible parts, is a leap from the physical to
the metaphysical world, which leap can be carried out only by belief (1),
This shows, that even the exact sciences cannot dispense with faith, not
even in laying the foundation for their systems.

§9. 5) Cohesion. 36-43. The force, which unites the
molecules of a body and resists the divisibility of matter. In
some bodies we see on the contrary an inclination of the
molecules (a perceivable cluster of atoms) to separate from
each other, which force may be called Repulsion or Expan-
ston. This repulsion amongst the molecules can be explained
properly only by the supposition of the existence of an ether-
atmosphere between the single atoms. Cohesion varying with

the nature of bodies, 38. 41. with the arrangement of their
molecules 39. 40. 42. and with their temperature 3

§ 10. That force, by which the molecules of different cle-
ments are attracted is called: “Chemical Affinity or Chemical
Attraction.” /. e. Oxygen and Hydrogen in forming water.

§ 11. The 3 stales of matter caused by Cohesion or
Repulsion. (States of aggregation.)

@) Solids: Cohesion preponderates over repulsion.

) Liguids: Cohesion is almost balanced by repulsion.
With their minimum of cohesion they form drops.

¢) Gases: Repulsion or the force of heat preponderates
over cohesion.

Gases are either permamneni or coercible; the former re-
main gases, even if exposed to the greatest pressure and cold;
the latter may be liquified. Ina transitional state we see vapours
and steam. Till recently Nitrogen, Asetic oxide and carburet-
ted Hydrogen gas were considered permanent gases. (Faraday,
Graham, Sictet and Cailletet).

Remark: We know of no abdsolute éiguid, this means of no body, in

which cohesion and repulsion would be exactly the same or in which
neither the one nor the other would prevail.

A¥
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§ 12. 6) Adhesion. 44-58. The attraction between the
surfaces of two bodies.

Other applications: in raising a plank placed on water re-
sistance is felt; walking through thick mud; gluing, soldering,
cementing, coating mirrors; dust on the ceiling etc. As a rule
cohesion and adhesion act against each other, in some cases
adhesion may change into cohesion: as in soldering, gluing,
o. L.

cementing, luting etc.

§ 13. 0 Capillarity. 59-71. The attraction between
narrow tubes and liquids. It may be observed best in small
tubes (called capillaries, tubulus capillaris). If this adhesion
of the tubes preponderates, the liquid in the tube stands above
the liquid outside, and this is called capillaceous attraction; if
the cohesion of the liquid abounds, it will stand lower in the
tube than outside, and this we call capillaceous depression
(repulsion).

Other examples: The sap rising in plants; a lump of sugar
piaced with only a part of it in water dissolves more quickly,
than if fully immersed, because in the first case the air, filling the
capillary tubes, is able to escape more rapidly than in the
second.



v

§ 14. Absorption is the penetration of a liquid or a gas
into a porous body; /mbibition is restricted to liquids pene-
trating into the pores of a solid body. Thus if the leaves of
plants receive carbonic acid etc. we call it absorption.

§ 15. The mutual exchange of two liquids through a
porous body is called ZEndosmose (perhaps better: Diosmose
or Osmose). If there is communication between two liquids,
capable of mixing through the pores of a porous body (a bladder
or unglazed clay), the colour would show, that the liquids with
different velocities mix with each other, in consequence of which,
quite independent of hydrostatical laws, the level of one liquid
rises and that of the other falls. Tie up one end of a chimney
with a piece of bladder, pour in a solution of blue vitriol and
dip the chimney into a vessel containing so much water, that the
vitriol in the chimney and the water are on one level. We shall
see, that the liquid in the chimney rises and gradually the water
takes the colour of the blue vitriol. The process goes on until
both liquids are alike. To understand this it must be borne in
mind, that 1) There is a stronger attraction between water and
blue vitriol than between the parts of each of these two liquids.
2) Water passes with greater ease through the pores of the
biladder than blue vitriol. 3) The pressure of the higher column
of liquid in the chimney is not sufficient to overcome cohesion
and capillaceous attraction, the pores being too small.

§ 16. 8 Imertia. 72-82. The incapability of matter to
change its own state of motion or of rest. It is a negative
property of matter. The impeding causes are: adhesion, fric-
tion and resistance of the air.

Other examples: “a needle is fixed at each end of a broom-
stick and these needles are made to rest on two glasses, placed
on chairs, the needles alone being in contact with the glasses.
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If the broomstick is then struck violently with another stout
stick, the former will be broken, but the glasses will remain
intact. The more energy there is thrown into the blow the better
the experiment answers.” (Young England, January 1882.)
Before leaping over a ditch we run towards it; descending
from and getting into a carriage in motion; cleaning dusty books

by striking them against each other; dusting a coat by beating
it with a stick.

§ 17. Rolling Friction less than sliding friction; friction
lessened by rubbing the surfaces with fatty substances. A heavy
weight suspended by a rope may be put in motion by a finger
(which of the three impedements are in action in this case and
which not?). Friction sometimes increased, ¢€.g. when a drag is
applied to a wheel. The necessity of friction. 128.

Friction is the greater

1) the rougher the surfaces in contact,

2) the larger the surfaces,

3) the more solid the substances of the bodies exposed
to friction,

4) the heavier the moving body.

§ 18. In case the surfaces are smooth only No. 3 & 4 have
to be considered. Friction is an impediment to motion, because
the moving body has either to break or to ascend elevations on
the way, the one being resisted by cohesion, the other by gravity.
If the surfaces are very smooth or one of them is the surface of
water, motion has to overcome adfiesion. How strongly this
adhesion may act as an impediment to motion, we may ex-
perience in shoving forward a piece of a looking-glass on an-
other. As to the zesistance of the atr or any other medium
the impediment will be the greater,
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1) the greater the fore-side of the moving body,
2) the denser the medium and
3) the greater the velocity of the moving body.

§ 19. 9) Elasticity. 83-86. Bodies tend to resume their
original form or volume. As itis a displacement of the mole-
cules, it may be experienced in consequence of pressure, flexure
{(bending), Zorsion (twisting), and Zension (stretching).  Limit
of elasticity, beyond which bodies either lose their form or break.
Different degrees of elasticity: some bodies yield at once to any
displacement of their parts (67¢7/4¢), others accept the new condi-
tion caused by tension, pressure or flexure (extensible).

Other applications: Corks used for closing bottles; chil-
dren’s balls; air-cushions; springs of carriages, watches and
clocks (see 144); the sounding box of the piano, guitar and
violin (253). Liquids possess very little elasticity and gases
only one-sided one (expansibility).

§ 20. 10) Gravity. 87-94. The force, in virtue of which
a body falls. A body not supported tends to fall towards the
centre of the earth, which is a particular case of the universal
attraction exerted between the heavenly bodies and all bodies
in nature. .

A body suspended by a thread is not attracted by the walls
of the house in any perceptible way, why not? But on the other
hand the atoms of perfumes filling a room, we shall experience
the strongest scent near the walls.

§ 21. Gravity acts upon bodies in proportion to their mass
and inversely as the square of their distance. The mass of
the attracting body being M/, that of the attracted J4,, distance=
D, attraction =2 and the corresponding figures for two other
masses: 72, 2, & and @, we see
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(M: m
A a=) M my, =M M. @y, DS
d2: Dr
=M. My m. m,
T a2

§ 22. Bearing in mind the magnitude of the earth’s radius
(4000 miles), all bodies on the surface of the earth may be con-
sidered as being at the same distance from the earth’s centre;
thus the difference of the manner, in which they are attracted
is only due to their difference in weight. Gravity reveals itself
in the pressure of one body on another, in traction (drawing)
and in falling (see Chapter III).

§ 23. The pressure of a body upon its support is called its
Weight. We make a difference between Absolute werght (the
proportion, in which the pressure of a body stands to the pres-
sure of certain fixed bodies, called weights) and specific weight
(in which the absolute weights of two bodies of equal volume
are compared, the unit being water; see 167).

§ 24. On account of the earth’s flattening at the poles and
on account of the decrease of the centrifugal force (IIL, 3) from
the equator to the poles (which force impedes gravity), the weight
of a body increases from the equator to the poles.

§ 25. A line drawn in the direction, in which gravity acts
is called a verfical line, and a line perpendicular to this line is
a horizontal line. Owing to the tractive action of gravity by
means of the Plumimnet (Plamb-line) people may know, whether
a wall is vertical or not.

Remark. It was Newton who, seeing an apple fall from a tree in his
garden, first gave clear expression to the law of gravitation.

§ 26. 1) Centre of Gravity. gs-108. The point, through
which gravity acts, or the point, in which gravity may be neu-
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tralized and the whole body may be supported, or the point,
round which the molecules of a body are equally arranged.
If the mass of a body is not homogeneous, the centre of gravity
will be found in the direction of those parts possessing the
greatest specific weight.

§ 27. The way in which this point may be found. g95. If
the mass of a body is homogeneous and its substance equally
distributed, the centre of gravity may be decided by mathe-
matical calculations, it will be

1) For a T7riangle in the point of intersection of two lines
drawn from two corners to the middle of the opposite sides.

2) For a three-edged Pyramid in the point of intersection
of two lines drawn from two corners to the centre of gravity of
the opposite triangles.

3) For a Prism in the middle of a line connecting the cen-

tres of gravity of both bases; hence for a cylinder in the middle
of its axis.

4) For a Circle in its centre.
5) For an Arc on its besecting radius at a distance from the

5
centre of the circle equal to Z R (B being the arc, .S the chord

belonging to it and & the radius).

For some bodies the centre of gravity lies owfside their
masses (in a hollow ball, a hoop, an empty cask éfc.).

Remark. Archimedes was the first physicist, who decided the centre
of gravity by mathematical operations.

§ 28. Stable, unstable and neutral equilibrium, as seen
in the pendulum of a clock, in a stick balanced upright on the
finger, and in a wheel. g3.

When the centre of gravity is supported the action of gravity

is neutralized and the body stands firm or remains in equili-
brium. g6-108.
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Other applications: The art of rope-dancing; loading a
bandy, when the heaviest goods should be at the bottom.

CHAPTER. IL
Egui-lébriuni and motion of solid Lodies.
10Q-120.

§ 29. 1) Both rest and motion are either absolute or rela-
tive. Absolute rest, means the absence of any motion. There
is no such condition, for even the sun rotates about an unknown
central sun, Relative (or apparent) #¢st is a condition, accord-
ing to which a body in reference to surrounding objects is with-
out motion, ¢. g. the passenger in a carriage is in a state of rela-
tive rest with respect to his carriage. Our houses are in a state
of apparent rest, but they are in incessant motion with respect
to the sun. As we know no fixed point in the universe, the idea
of absolute-motton cannot also be realized and we know only
of relatrve motton, e.g. a carriage with respect to the trees and
fields on both sides of the way.

§ 30. 2) That which causes a body either to move or to
stop is called force; in the first case it is called power, in the
second 7eststance. The different kinds of motion are (1) uni-
form (2)accelerated and (3) retarded motion.

The only ##niform motion, of which we know is the rotation
of our earth round its axis; accelerated motion we see in a
falling body and zetarded motion will be caused by throwing a
stone perpendicularly upwards. 109.
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As to the direction it is either rectilinear or curvilinear. 10g.

SR Velocz'ty means the proportion of the space, travers-
ed by a body, to the time necessary for it. 109.

§ 32. An instrument by which the intensity of forces is
measured, we call a Dynamometer. The force developed by
a body is in general expressed in pounds.
The steel-yard (Dynamometer) is a very
simple apparatus; it has the form of a
“V”. At the end of each arm an arc
is fixed, which passes freely through an
aperture of the opposite arm, one of these
arms is graduated. One of the arcs be-
ing fixed to a resisting support, the other

arc, to which the weight or any force is to be attached, draws
near the arm, to which it is fixed, to an extent dependent on
the weight.

§ 33. The effects of moving bodies are proportional to the
products of their masses and their velocities. 110-111.

If the effect of a moving body (or the weight of a falling
body) is = &, mass= 4/ and velocity =V, we see

1) F=M.V th. m.?

2) M = th. m.?

N <) Ny

3) V = M tﬁ. m.?

Example: 1omen tow a vessel weighing 1800 tons, and
5 men another one with a weight of 600 tons for the same time
and with the same strength; how many times is the velocity of
the second vessel greater than that of the first one?
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I8 10
A
M 1800
e —j: = 15———, hence
7 600
10 5 :
Vew=_—: > — =2: 3, the velocity of the second
1000 600

vessel being 3 times greater than that of the first one.

3. Compound forces.

§ 34. @) If the'two forces acting upon a body are parallel
and act in the same direction (2 horses drawing a carriage), the
resultant, is equal to their sum; but if they act in opposilte
directions, the resultant is equal to their difference; thus, when-
ever the opposing forces are equal they destroy each other and
Equilibrium is caused.

§ 35. &) Parallelogram of forces; how the resultant of
two concurring forces may be found (the resultant being the
diagonal of the parallelogram, which may be formed by the two
concurring forces): 112.—and how also a single force may be
replaced by or decomposed into two others 113. In the same
manner the resultant of more than two concurring forces may
also be found.

If forces are represented by lines, the lines show the intensi-
ty of the force (by their length) as well as their direction.

Example: A train can be moved by horses. The horses
are not allowed to go on the railway-line, but 2 horses drawing
on the right and 2 horses on the left of the railway-line produce
the same effect as 4 horses drawing in the direction of the rail-
way-line. In what direction have the horses to pull? (Form
examples for all these compositions of forces.)

Applications of the Parallelogram of forces we see in a boat
or a swimmer crossing a river: 112. a kite (flight of a bird)-r14.
the wind blowing against /%e sails of a vessel. 113.
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No. IIL. b

a

This figure illustrates what we tried to explain in Q. 113, (page 45).
The puff of the wind (¢ f) strikes against the sail-cloth (¢ d) obliquely, and
its force is decomposed into two forces, one of which (¢ /) acts along the
surface of the sail, thus becoming useless; while the other (g¢) presses
upon the sail in a vertical direction. But on account of the oblique posi-
tion of the sail the force ge or em also cannot exert its full effect, but is
decomposed again into two others: one of these (¢7) moves the vessel in
the direction of its keel, the other one (¢ %) pushes the vessel sideways.
As the ship is built in such a manner that the resistance of water in front
of the vessel is the least possible and sideways the greatest possible, and
as the steer helps to maintain the position of the body of the ship, it will
move forward.

§ 36. 4) An instrument for transmitting the action of a
force is called a #mackine and the moving force is called the
motor. By such machines the force cannot be increased, for
what apparently is gained in force, we lose in time. Although
the mechanical advantage is always equal to the mechanical loss,

we find it very often convenient to modify the action of a force
in such a way, that power is won at the expense of time.

The most simple machines are the following:
§ 37. 1) The tnclined plane 115. We distinguish bet-
ween the height, base and length of such a plane.
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@) If the force (k) works parallel with the inclined plane only
as great a part of the weight (&) is wanted as the height (A) of

i
the inclined plane is a part of its length (L), hence: KA=— G.

5
b) 1If the force acts parallel to the base (Z) of the inclined
No. IV. 1 Ve HG :
g B Pplane, A = B Anappli-

cation of this plane we see
in the zigzagging of a road

A e € up a hill side 116 and in
the loader. 115.

§ 38. 2) The Wedge. 117. 118. Itis a combination of
two inclined planes or it is a straight three-sided prism, the
bases of which are equilateral triangles, the sides of this triangle
we call the sides, and the base the back of the wedge. If the
resistance acts perpendicularly upon the sides of the wedge, A=

LR g
2__ G (K=force, G=resistance, & the back and S a side of

S
No. V. the wedge).
*’“Lg--‘%w/c Our figure proves this formula. £ £ re-
F \§ = K G presents the power, which is decomposed into
: the two forces 2D Hand DK, acting vertically
upon the sides /4 B and C £ and contrary

to the resistance; thus, the trianglesD V)
B H and A C B being similar:
DB oD H = AC: A8
dD i DH:% AC: AB
DE s DUE = A AR

K G TR S
LR
K = LS% G.—Express this formula

in words.



XV

All cutting instruments are wedges (knife, scissors, plane-
iron, chisel, hatchet and axe). Why do we use for log-wood an
axe with a somewhat blunt wedge and for cutting it into small
pieces one with a sharp wedge? Even nails, punchers and
needles are wedges.

§ 39. 3) The Serew. 119. Consisting of the male-screw
and the screw-nut. In laying a rectangular triangle (or an in-
clined plane!) round a cylinder, the periphery of its base being
equal to the sides of the rectangular triangle, the hypotenuse
will form the worm of the screw (the height of which will be
equal to the other side). The elevations of the male-screw
fit into the spiral deepenings of the screw-nut. The resistance
acts upon the screw-nut, and as the force works in a horizontal
direction on the male-screw (see inclined plane b) and figure)

the formula will be: K:F. G (P being the circumference

of the male-scréw or the base of the inclined plane).
Applications of the screw
are: corkscrew 120; screw of
steamers 121, 351, 7; book-
binder’s press; it may also be

used for.fastening one body to
another.

§ 40. 4) The Lewver. 122.° The parts of a lever are;—the
Fulerum and the arms.
There are fwo kinds of Levers:

I. Z%rst: The fulcrum between the arm of power and the
arm of resistance.

@) The arms are equal (balance).
&) They are unequal (scissors).

II. Second: The fulcrum at the end of the lever.
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@) The arm of resistance is the shorter one (cp. the oars
of a boat).

No. VIIL No. VIIIL

{1

6) The arm of power is the shorter one (pedals used in
pianos, sewing-machines and grindstones). 124. 125. 126. 128.
No. IX.




XVII

_ If the arms are not in one straight line we call it a dené-
Lever (joint-lever). No. X.

\ P

B (4

q

§ 41. As to the equilibrium of all these different kinds of
levers there is only one law:

Power and resistance are in equilibrium, if the product of
power and its arm is equal to the product of resistance and

its arm. Hence if in the figure 23 (page 53) £ =Power and

Q =Resistance. P:Qi= BiC:-4C
P AC= Q.B.C

By a system of levers with unequal arms force may be con-

No. XI.
A & D GV
A B B T P e e
P QO

siderably increased. It is obvious that 2 and Q are in equili-
brium, if

PLCERE D G ED

ARG ETG
No. XII.
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No. XIII.

For applications see 122-129. Other examples are nut-
No. XIV. crackers (I, a); a finger caught near the

P hinge of a shutting door (I, a); the members
of our body, moved by the muscles (II, b).
The see-saw or balancing board, crow-
bar, pens, pencils etc. An application of
the bent-lever we see in the bell-crank.

§ 42. The most important application of the lever is the
Baiance (for the different kinds and the conditions which must
be satisfied by a good balance see 123).

Remark. Archimedes (see 167, page 27) finding out the laws of the
lever exclaimed: “Give me a fulcrum and I can lift the earth”. The same
physicist found also the laws of an inclined plane and of the screw. (250
B. C)

8 43. 5 Pulley. 129. @) The fixed pulley (No. 35, page
62) used for giving the power a more convenient direction; a
lever I. a.

#) The movable pulley No. 36. a lever IL a.

¢) A combination of fixed and movable pulleys we see in
the Polyspast No. 37-39. By means of this machine we have
a saving of power in the proportion of I to the double number
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of movable pulleys or of 1 to the number of parts of the rope,

which connect the pulleys with each other.
No. XV.

]

:

o]

§ 44. 6) The Wheel and axle. 127.
This machine consists of a wheel and a
cylinder.  As the power acts at the cir-
cumference of the wheel and the resis-
tance at that of the cylinder, the radius
of the wheel represents an arm of power
and the radius of the cylinder an arm of
resistance and we have simply a lever I b.
Hence the law formed for the levers holds

also true for this machine.

No. XVII.
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No. XVIII.

n

I
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il

i

Instead of the whole wheel often only single spokes are
used.

Applications are: the reel, the crab, keys and bores comp.
No.31- 32. 33:

No. XIX. § 45. No. XIX. shows
how different wheels
and axles may be con-
nected with each other
by the so-called endless
band (351,4) About
another way of connec-
047 (35 tion by cogs compare

the question on clocks. 144.
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CIEat T 5 ol

Falling, Pendulum and Curvilinear Motion.

13C-144.

§ 46. 1) Falling.—The cause of falling is the attraction
of the earth. The chief laws are the following:

1) The velocity of a falling body increases in proportion to
the duration of its fall.

2) The space, whicha body traverses in subsequent seconds,
increases in proportion to the progression of the odd numbers.

3) The space traversed by a falling body in any given time
is proportional to the square of that time.

4) In a vacuum all bodies fall with equal velocity. 130.
L33- 134.

§ 47. The laws of falling bodies may also be proved in the
following manner: As a falling body is continually influenced
by gravity its motion is a continually accelerated motion and its
velocity must increase in proportion to the duration of its fall; if
its velocity would be 10’ per second after the first second, it will
be 2 10 at the end of the second, 3 X 10 at the end of the
‘third second # ¢. if at the end of the third second gravity
would cease to act upon it, the body would thereafter fall at 30’
per second.

As to the space we must consider, that the velocity of 10’ per
second reached at the end of the first second is composed of
innumerable velocities from o' up 10" per second, which means

the same as if another body would have fallen by an uniform
o0X 10

motion with an average velocity of =5', hence the body

has traversed a space of 5'—After two seconds it has acquired a
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velocity of 20’ and has traversed a space, which a body by an

uniform motion would have gone through in two seconds with

] 0% 2
an average velocity of

=10". Hence space in 2 seconds

will be 2 X 10=2. 2. 5=22,5. The same calculation will show,
0% 30

that for 3 seconds space will be 3= 3. L5 =3 S n—E

03X 40 :
- X4=20. 4=4. 4. 5=4*5.

For 5 seconds 5% 5 and for A second /2. 5.
Having proved laws 1 and 3, law 2, may be easily derived

5. For 4 seconds we get

either from law 1 or 3. For, knowing the space traversed in any
second we have only to add the 5" which a falling body traverses
in consequence of gravity to the velocity acquired in the pre-
ceding second, f.e. In the 7th second the space must be
6xX 10+ 5=065". Arranging the spaces of subsequent seconds
according to this calculation we shall see law 2 verified too.

§ 48. Thelaws of falling bodies may be verified by means-of
the “/nclined plane”. Althoughthe force, with which something
rolls down an inclined plane, is not the full action of gravity (but
according to the degree of inclination of the plane, a greater or
smaller fraction or one of the components of gravity) the pro-
portion, in which velocity increases, remains unaltered and the
slackening of the fall by the inclined plane enables us to observe
the progress in velocity, if the inclined plane is graduated in
inches. The same inclined plane may be used as a loader (see
§ 37.) on account of the decomposition, which takes place, if
a cask is laid upon it. By Afwood’s machine all the laws of
falling may be demonstrated. It consists of a wooden pillar
with a clock work on the top and a graduated scale for measur-
ing the spaces traversed by a weight suspended by a silk thread.

§ 49. 2 Projection. @) If a body is thrown perpendi-
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cularly downwards we have always to add the projectile force
to the space through which it would have traversed according to
gravity, /. e. if the projectile force is 10’ per second.
the space for the 3rd second=5.5 4+ 10 = 35;
% ¥ 3 seconds = 9.5 + 3.10 = 75.

§ 50. ) If a body is thrown verfically upwards we have
to subtract from the projectile force the space through which
the body would have fallen by gravity in the given time. As
soon as the projectile force is consumed in doing so, the body
falls as usual.

§ 51. ¢) A body thrown horizontally goes as far as if
acted upon only by this projectile force, but it will be always so
much below the original line of projection as it would have
fallen during this time by vertical motion. Thus the body moves
in a curved line (part of a parabola). This is the way, the ball
of a gun passes. What for the aim with a gun? Why not neces-
sary at a small distance, why raised at a great distance? ‘

§ 52. ) A body thrown 0dliguely takes the course of a

No. XX. parabola, why? In practice the re-

sistance of the air must be taken
N into consideration (Artillery). Care-
Ve

ful investigations and calculations

about projections are made in the ballistic science.

§ 53. 8) LPendulum. The motion of the pendulum is a
kind of fall followed by a rise, which is due to inertia, the fall is
accelerated and the rise retarded by gravity.

§ 54. The chief laws are:

1) The oscillations of one and the same pendulum are made
in equal times (are isochronous). Without friction and resis-
tance of the air the pendulum would never cease to swing.

2) The durations of the oscillations are in proportion to the
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square roots of the lengths of the pendulums. Of course in
proportion to the length of the pendulum also the amplitude will
increase in a given time. The pendulum 4, being # times
greater than the pendulum 25, will traverse in a given time:
through a space 72 times greater. For doing so the pendulum
A wants for one amplitude V" 72 times more time (see law 3 of
a falling body).

3) The substance of the pendulum has no influence upon
the oscillations.

4) The duration of the oscillations of a given pendulum is
inversely as the square root of gravity in the place in which the
oscillations take place. 131.

No. XXI. § 55- This motion is called os-
ctllating molion and we call the
path 0-F a semioscillation, 6-B a
complete or single oscillation, and
the backward and forward motion a
double oscillation.

§ 56. The different zsés of the
Pendulum.

@) It is used for measuring time (Law, 1).

Clocks. 135; 144. The oscillations of a pendulum in-
fluenced by temperature (136.) and by the force of gravity (the
number of oscillations increases from the equator towards the
poles). 137. Another application of the pendulum we see in the
Metronome, an instrument used for marking the time in practis-
ing music. By a bob of lead the pendulum may be shortened
or lengthened, and in consequence of this the oscillations will be
accelerated or retarded just as the beat requires it. The pen-
dulum moves a clock work thus producing a regular beat, which
gives the time.
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&) 1t proves, even better than free descent of bodies, Law 4
of falling.

¢) Newton’s Law of gravitation may be proved (Apparatus of
Cavendish). If #2=mass, ¢ =gravitation, é=distance, Newton’s

72
law may be expressed this way: &= =

d) Knowing the gravity of the earth by means of law 4 of
the pendulum, the mass of the earth may also be fixed.

¢) The mass of the sun and

/) The form of the earth (137) may be determined.

£) The rotation of the earth (Poncault’s experiment) can be
proved.

Remark. By the oscillations of a suspended lamp in the Cathedral of
Pisa Galileo (1564-1642) discovered the law of isochronism. Huyghens

(1660) used the pendulum at first for measuring time, and Richer (1672)
found at first that the oscillations differ with different longditude.

8§ 57. 4 Curvilinear motion. 1t is the resultant of the
incessant co-operation of the Cenfrifugal and Centripetal
Force. 132. ;

No. XXII, The force, which draws the body to-
B wards the centre iscalled Centripetal force
and the other one according to which the
4 body tends to flee from the centre (4 5)
is called Centrifugal force. Both forces
acting simultaneously the body moves in
the direction of the diagonal (Chap. 11, 3.)
in No. XXIII. 7 4.

But as in any moment both of these forces are in action,
the body changes its direction every moment, thus moving in a
curved line, which may be supposed to consist of innumerable
little straight lines. According to the amount and direction of
both these forces the course may be a circle or spiral or an ellipse etc.
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No. XXIII.

§ 58. The two forces being equal and acting perpendicu-
larly upon each other, the course will be a circle.

§ 59. If the Centripetal force be stopped all of a sud-
den, the'body in consequence of inertia will pursue its course
in the direction of the tangent. For example: if the gravity of
the earth would cease to attract, everything on the surface of
the earth would be projected even the whole mass of the earth
would be scattered in pieces in the universe.

§ 60. The greater the radius of the course and the mass
of the body and the smaller the line of revolution, the greater
the Centripetal and Cenrifugal forces will be.

§ 61. An important application of curvilinear motion is the

JSy-wheel (351, 4) used for imparting an uniform motion (§ 30).
For this purpose its 22s zz¢7fiae must be as great as possible,
hence a large radius and a great mass are wanted.

§ 62. The 7olaltons of the moon round the earth and of
the planets round the sun are also curvilinear motions. Newton
assumed and (1682) proved that the Centripetal force active in
the rotation of the moon is the earth’s gravitation.

§ 63. The three celebrated laws of Kepler (1571-1630)
are the following:

1) The courses of planets are ellipses and the sun is situat-
ed in one of their foci.
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2) The radius-vector (or line connecting the planet’s centre
with that of the sun) describes equal areas in equal times.

3) The squares of the periodic times of any two planets
have the same ratio as the cubes of their mean distances.

Remark. Here we have one of the great many instances of groporsion-
ality (cf. § 46. 53. 100. 181. 236. etc.) in nature. Where there is propor-
tionality it must be concluded, that it is the result of 2zkozg/# and points
back to an intellect, to a legislation in nature.

Applications of the Centrifugal force are: a ball attached to
a thread, 138; mud thrown off by the wheels of a carriage, 139;
a tumbler full of water putinside a hoop, 140; a hoop trindled
along the ground.—Slings, sugar refineries and washing esta-
blishments afford other applications of the Centrifugal force.

§ 64. The Centrifugal force increases with the velocity of
the moving body; this must be taken into consideration, when
a train or a horseman moves along a curve. I4I.

§ 65. When a ball is in curvilinear motion all parts of its
surface have not the same velocity; in case the parts of such a
ball are liable to be disintegrated by this force, then an accumu-
lation of matter must take place about the middle of the ball
whilst at the poles, where there is hardly any motion at all, the
ball will be flattened. This accounts for the operation of the
potter’s wheel and for the flattening of the earth, (originally in
a state of fusion) at the poles. 142.

The mechanism of #20/ls and clocks (or watches) is based
upon the laws of the lever, the pendulum, curvilinear motion
and Centrifugal force. 143. 144.
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CHAPTER IV.

Equilibrium and Motion of Liquids
Hydvrostatics.
145-174.

§ 66. The characteristics of liquids are the mobility of
their parts and their low degree of compressibility. 145.

§ 67. All the laws laid down for the equilibrium and
motion of solid bodies hold also true for liquids.

8§ 68. The surface of water at rest is a horizontal plane
and is called water level, hence the surface of a river is an in-
clined plane..

§ 69. 1) Liguids are in a stafe of equilibrium, when
their surfaces in communicating vessels are in the same hori-
zontal plane. 146. If the communicating vessels contain
different liquids, the height of that liquid, the specific height of
which is 72 times less than that of the other, is 72 times greater.

Applications of this we see in the water-jet projected from
the shorter of two communicating tubes and in fountains, which
play (jet d’eau) in gardens. 147. 148. The formation of
springs and wells are due to the same law, especially the
Aprtestan wells dug first in the province of Artois are a striking
verification of the fact, that the water of a well originating from
a spring, which comes from a higher place than the well, tends
to rise.

Remark, The jet projected from the shorter tube will always ascend
only to about % of the height, at which the liquid stands in the longer
tube and this is due to the resistance of air, to adhesion and to the water
falling down again.

Another application of the principle of the equilibrium of
liquids we see in the Water-level, an instrument by which the
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No. XXIV. difference in level of different places is deter-

mined (see Phy. Primer, page 25). It consists
simply of a metal or glass tube bent upward at
both ends. After having filled the tube with
water, the level at both ends will be the same,
and placing one’s eye in a line with the two sur-
faces, one is sure to look along a horizontal line
and is in a position to compare the heights of all
surrounding points with this level line. Still more
accurate is the Spirst-level. 1t is a glass tube,
which, with the exception of a bubble of air, is
filled with spirits. If in horizontal position, this
bubble will be between two points marked in the
tube. Both instruments are of the highest im-
portance for the construction of canals, bridges,
railways, roads, etc.

§ 70. Asto the Zfffux of a liquid it cor-
responds to the falling of a solid body and the
simple rule is this:

Through an orifice in the bottom or the side
(see § 71.4a. Pascal’s first law) of a vessel a liquid
flows out with a velocity equal to that attained by
a body during a free descent from the surface of
the liquid to the orifice of the vessel; c=\V"2 %
& (¢=velocity; Z=height; &= velocity at the end
of the first second). If the water flows out hori-
zontally, it will describe part of a parabola. (Cf.
the horizontal projection § 51.)

Remark. The actual velocity of efflux will be somewhat less than
the theoretical one owing to @) adhesion at the orifice, &) the fact that there

is no absolute liquid (¢f. page IIT, Remark), ¢) the falling water being
hindered by the particles of water aside.
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8§ 71. 2) Pascal’s Law see 149-154.

@) The pressure is transmitted undiminished in all direc-
tions. 149.

6) The pressure transmitted is proportional to the height of
the volumes of water; on the bottom of a horizontal vessel it is
equal to the weight of a prism made up of the same liquid, the
base of which is equal to the bottom of the vessel and the height
equal to the distance between the bottom and the liquid’s level.
Thus a cask is caused to burst by a tube of full water, 150;
empty bottles at the bottom of the sea are either cracked or fill-
ed with water. 153.

¢) The pressure is independent of the shape of the vessel
and the quantity but not the height of the liquid. 152.

d) The pressure transmitted is proportional to the extent of
surface exposed to pressure, an application of which law we see
in the Aydraulic press (Water-press or Bramah-press; see
Phys. Primer, page 23). 154.

§ 72. As to the pressure of a liquid on the stde-walls of
the vessel it is the same as that of a liquid-prism, the base of
which is equal to the place pressed upon and the height equal

to the distance between the centre of gravity of this place and
the liquid’s level.

This law is of great importance for casting up embank-
ments, for the construction of sluices, and it holds true also
for the surfaces of bodies dipped in a liquid (the bottom of a
boat, sea-animals, the diving-bell). A consequence of this
pressure side-ways is the turning round of Barker’s mill. 151.

3) Buoyancy of liguids and specific werght.

§ 73- As the pressure exerted on a liquid is transmitted in
all directions, a pressure exerted upon the upper layers of a
liquid must cause an equal reaction from below, which upward
pressure is termed the buoyancy of liquids.
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§ 74. The consequence of this is, that some bodies, the
pressure of which balances the buoyancy of water, remain in
suspension in any position in the liquid, others sz72% and others
Soal; see 155. A body is pressed upward by a pressure equal
to the weight of water, which it has displaced.

§ 75. This upward pressure or buoyancy is simply the
consequence of Pascal’s law (§71, @). There is a cylinder ()
dipped into water, on its whole surface it is exposed to the pres-
sure of water, but the pressure on each side is counterbalanced
by the pressure of the opposite side. At the bottom of this
vessel there meet two pressures of a contrary direction, down-
ward the weight of the cylinder () and the column of water
above the cylinder (5B). The pressure upwards consists of the
weight of a column of water having the base of the cylinder and
the height equal fo the distance between thisbase and the water-
level (the pressure being proportional to the depth), hence it is
B and a column of water as big as A4, we call it C, and the
pressure will be A+C. Now in case the cylinder dipped in
water would have the same specific weight as this column (A=C),
both pressures would be equal and the cylinder would neither
sink nor rise, but remain in suspension wherever it is. In case
A is heavier than C, A will sink, but the water will bear part of
its weight, for

A+ B
=D
A —C, hence A, the cylinder, looses part of its

¥

weight as great as C or the weight of the column of water is
placed by the cylinder.

Finally if A is lighter than C (lighter than water), 4 will
float, because the upward pressure (buoyancy) is stronger than
the pressure downward; such a body will sink so far, that the
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weight of the displaced liquid will be as heavy as the whole
body; f.e. if A=2 and C= 3, the body will be buoyed by a
pressure=1, hence 2 only of A being in water will displace a
mass of water sufficient to counterbalance A.

This law can also be proved by experiment ; to the scale-pan
of a balance is attached a hollow cylinder and to this again a
solid one fitting exactly into the hollow one; the weight of both
cylinders is counterpoised by weights laid in the other scale-pan.
If the lower solid cylinder is immersed in water the equilibrium
will be disturbsd and only by filling the hollow cylinder with
water the two scale-pans are balanced again (see Stewart’s
Primer, page 28-30). ;

In consequence of this oil swims on water, 156; a hollow
ball of metal floats, 157; but bottles filled with water sink,
158; bodies of people who are drowned rise after some days to
the surface of the water, 159; Buoyancy may be so strong that
a sunken machine can be raised by empty kerosine-casks connect-
ed under water with this machine; ice floats in water, 160;
vessels in spite of the heavy cargoes they carry do not sink,
161; men, fastening on air bladders, swim easily, 162; sedi-
ments are formed in liquids, 163; some woods sink deeper in
water than others, 164; vessels entering from the ocean the
mouth of a river draw more water, 165; an egg sinks in ordi-
nary water, but swims in salt witer (the water of the Dead Seal),

166; iron floats on mercury, but sinks at once in water
(wood-brooks carry along big pieces of rocks).

§ 76. The effects of suspension, immersion and floating
may be well demonstrated by the Carfesian diver,a glass cylin-
der, nearly full of water, in which a little hollow figure with a
little hole in it by causing or removing pressure upon the

water will be caused to sink or to rise. Now this law of buoyancy
is called:
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§ 77. The Principle of Archimedes see: 16q.

That a body in water loses a part of its weight equal to the
weight of the displaced water, was discovered by Archimedes
when in his bath. He then ran home crying: “I have found it
(‘eureka’)!”

There are many applications of this principle: A dog may
raise the body of a man in water, 170; a stone seems to be
very light in water, 169; we may raise a bucket full of water
with one finger to the surface of the water, 172; man is able
to swim, 173; fishes and their swimming bladder, 174. Fishes
remain in suspension wheresoever they are, they lose in water
the whole of their weight. In consequence of this, will a tumbler
partly filled with water be heavier after some fish have been
thrown into it?

§ 78. By means of Archimedes’ principle also Z/e spectfic
wer g/t of bodies may be defermined.
= 1

A solid body is at first weighed in air, afterwards in water,
the difference represents the weight of the displaced water, which
has the same volume as the weighed substance. In calculating,
how often this difference or weight of water is contained in the
weight of the substance in air we get the specific weight of that
substance.

To get the specific weight of a liguid, say alcohol, we weigh
a body not dissolved by water or alcohol at first in water and
then in the liquid in question. In finding the loss of weight
in each case and ascertaining how often the loss of weight in
alcohol is contained in the loss of weight in water, the quotient
thus obtained, represents the specific weight of the liquid (alco-
hol).  Another method is to use a vessel containing a fixed
mass or weight of distilled water, and substituting the liquid in

C
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question for water, the quotient of both weights shows the speci-
fic weight sought for (Nicholson’s Areometer).

§ 79. The lighter a liquid is, the deeper a constant weight
will sink. 167.

Thus, for ascertaining the quality of some liquids some
special Hydrometers are in use: One is the Alcokolometer (the
more alcohol brandy contains, the stronger it is and the deeper
the Alcoholometer sinks). '168. 344.

Another one is the Lactometer used for testing the quality
of milk. The deeper the Alcoholometer sinks in brandy, the
more water it contains and so much the weaker it is; the higher
the Lactometer floats in milk, the better the milk is. But the latter
is no infallible test, as the natural quality of milk changes and
the particular strength of milk may be obtained by an admix-
ture of other substances.

§ 80. 1) Specific weight of some solid bodies.
(0° warmth).

Platinum 22,160, Diamond 3.520.
Gold 10.325. Flint-glass 3779
Lead 11.325. Common glass 2.370%
Silver 10.474. Marble 2.837%
Bismuth G.822, Crystal 2.683.
Copper 8.878. Porcelain 2.403-2.145."
Brass 8.395. Gypsum 2.31L.
Arsenic 8.308. Sulphur 2.033-
Steel 7.816. Ivory - 1.917.
Iron (hammered) 7.788. Phosphorus 1.770.
5 ual(cast) 7.207. Amber 1.078.
Zinc 7.291. Wax 0.969.
Antimony 6.7 1 2. Natrium 0.972.

lodine 4.948. Kalium 0.8635.
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Blackwood 1,226, Linden-wood 0.439.
Oak-wood 7o Mahogany 1.060.
Beech 0.590. Nut-wood | 0.677.
Fir-wood 0.555. Poplar 0.380.
Ash-wood 0.644. Cork 0.210,
2) Some Liquids.

Distilled Water 1.000. Wine (Rhine) 0.999.
Mercury 13.598. Linseed-oil 0.953-
Sulphuric Acid 1.848. Turpentine 0.872.
Dilute Sulph. Acid 50°/,1.387. Alcohol 0.793.

»  Nitric Acid 50%, 1.295.  Sulphuric Ether O g
Milk 1.030. Bi-sulphuret of Carbon 1.272.
Wine Malaga [:022:

CHAPTER V.
Equwilibriwm and Motion of Gases.
175-185.

§ 81. Physical properties of the atmospheric air. 175.
Gravity and translocation of their parts ate properties common
to liquids and gases and all the laws of liquids based upon these
properties are also applicable to gases. Gases have two pro-
perties, which liquids have not: elasticity and extensiveness.

Wind, 176.215; Resistance of air, 176. 177 ; Impenetrabi-
lity of air, 178; elasticity of air. 179. 180.

Applications are: the wend-mill, 181; rotating fire-works,
182; the 7ocket, 183; the recoil of cannon and guns, 184. 185.

§ 82. As we are surrounded by air we cannot decide any
thing about the laws concerning the surface of the atmosphere.

C*
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Owing to gravity the atmosphere will have a globular surface,
and owing to the mobility of its parts there will be higher waves
there than on thé surface of an ocean. In consequence of gravi-
ty and elasticity the density of air will increase towards the sur-

face of the earth.

CHAPTER. VI

Pressure and Weight of the Air.
186-222.

§ 83 1 Torricelli, a pupil of Galileo, proved not only
the pressure of air, but also the amount of this pressure. A
glass tube, closed at one end, is filled with mercury; the other
aperture being first closed with the thumb, we invert the tube
and place it vertically in a mercury trough. The mercury sinks
until it stands at a height of 30 inches. This shews, that the
atmosphere can support a column of mercury the height of which
is 30 inches. Since the weight of a column of mercury (30
inches high), the section of which is equal to a square inch, con-
sists of 30 cubic inches, and as the weight of a cubic inch of
mercury is=0.49 of a pound, the pressure of the atmosphere
on a square inch of surface is equal to 14.7 pounds, (15 pounds
in round numbers, which is called “one atmosphere”).

Remark. Knowing the length of the earth’s radius, it is not difficult
to calculate the weight of the whole mass of atmosphere surrounding

the earth.
§ 84. Construction of the Baromeler (measure of the air’s

weight). 186. What we have proved of atmospheric pressure
holds true only at sea-level. Pascal found out, that the mer-
cury in the tube descends in proportion as we ascend in the
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atmosphere. 187. Use of the barometer see: 188. In conse-
quence of this coincidence between the state of the weather and
the height of mercury in the barometer, the following indications
have been marked on a barometer:

31 inches = Very dry.

30% , = Settled weather.
304 , = Fine weather.
30usnssii = Nrariable.

292 , = Rain or wind.
2g% 5, =Much rain.

29 Sl = Storm:.

As a change of weather takes place not only in consequence
of a decrease or increase of the air’s weight, the instrument does
not always prove reliable. There are dijferent kinds of baro-
meters: Our ordinary barometers are either cistern or syphon
barometers; in the former the tube is immersed in a spherical
well filled with mercury, in the latter the tube is only bent and
the shorter branch serves as a cistern.—Mercury is used for
barometers, because it stands at the least height and does not
moisten the glass. Why is it necessary that the upper part
of a barometer contains no air? How do we know that it is
so? Is it necessary that the tube should have the same width?
Why is this desirabie for the syphon barometer? If the baro-
meter is removed from its vertical position the column of mer-
cury will be longer, why?

§ 85. The barometer may also be used for measuring the
heights of places above the sea-level, as we see that a diminu-
tion of I inch in the height of the barometer corresponds to an
ascent of about 875 feet. But as the density of air decreases
as we ascend, the fall of mercury in the barometer does not go
on in the same proportion, and complete tables are necessary



XXXVIII

for ascertaining the height of any place by means of the baro-
meter. The height of the atmosihere has been calculated at
from 30-40 miles, but the existence of air has been proved for
a height of 198-212 miles.

§ 86. Aninstrument for measuring the elastic force of gases
or vapours is called a Manometer (see (). 353). For the same
temperature the density of a gas is proportional to its pressure.
A bent glass-tube, partly filled with mercury, about 20 feet high
and open at the top, is connected with the vessel in which the
gas is contained or with the boiler of an engine. The elastic
force of the vapour being equal to the atmospheric pressure the
mercury will stand at the same level in the tube and in the bulb,
and the number 1 is marked on the board to which the tube is
fastened; 30 inches above (the force of one atmosphere) we mark
2, etc. etc. Thus for example the mercury forced up to 5 we
see that the vapour in the boiler has an elastic force equal to §5
atmospheres, this means each square inch of the boiler has to
sustain a pressure of 53X 15 or 75 pounds.

§ 87. A very delicate and portable barometer exists in the
Aneroid barometer constructed by Casella, in which without
mercury the differing pressure of the air is communicated to a
thin corrugated metal on the top of a metal box exhausted of
air. The motions of this metal are transmitted by multiplying
levers to an index, which moves on a scale. This barometer
may also be modified in such a way as to act as a manomeler,
and occupies less place than the instrument described above.

§88. 2) There are plenty of instances from which the pres-
sure of air may be seen: Water rises in pumps 26 feet (the
theoretical limit would be 34’), 189;a bottle full of water invert-
ed and placed vertically in water will not be emptied, 190; if a
tumbler full of water be covered with a sheet of paper and in-
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verted, the water does not flow out, 191 ; wine does not flow out
from a cask, if the bunghole is not opened, 192; the use of the
wine-tester, 196; the syphon,a bent tube with unequal legs and
open atbothends. 197. [Intermitlent springs, which are noth-
ing else than natural syphons. They flow as often as the water-
level in the under-ground basin reaches the highest point of
the syphon. When the basin is empty, the spring ceases to flow,
hence its name, Pressure supported by the human body, 198;
on high mountains blood jets from our pores, 199; we get tired
very soon walking on high mountains, 200; we feel tired and
depressed before a thunderstorm, 201; air escapes with great
force from a bottle opened on a high mountain, 202; AMagde-
burg hemispheres, 203; air in a bladder expands under the re-
ceiver of an air-pump, 204; a bottle made of thin glass, filled
with air, and corked will break under the same circumstances,
205; an egg with a small hole in it emptied under the receiver,
2006; an apple with a wrinkled surface becomes smooth again,
a frog under the receiver swells up. 207.

§ 89. All these examples prove, @) that the pressure of
the air is transmitted in all directions, &) Any part within the
atmosphere has to sustain a pressure equal to the weight of a
column of air, the base of which is the place pressed upon and
the height is the height of the atmosphere.

As to the densily of a gaseous body it increases in propor-
tion to the pressure exerted upon it. This law is called the law
of Mariotte (1660), although it was discovered 10 years before
him by Boyle in England. The consequence of this law is that
in proportion to the density of a gaseous body its expansive
force will increase and its volume decrease.

Of course this law can only be applied, if the temperature
of air does not change.
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§ go. 3) Apparalus founded on these properties of air.
1. The avr pump (208).

Applications of this instrument, besides what is stated al-
ready, are: crushing force of the atmosphere, 209; the wine-
tester does not flow, 210; mineral waters, beer and wine lose
their taste, 209; the fall of bodies in vacuo, 211; Zthe foun-
tarns 1n vacuo (a flask containing water and air is put under
the receiver of an air-pump, the neck of the flask is closed and a
tube, dipping in the water, passes through the cork; after the
air is rarefied water issues from the tube).

§91. 2. The condensing pump or an apparatus for
compressing air. It consists of a cylinder in which a solid piston
(without valve) moves up and down, the cylinder is connected
with a receiver below, and besides that is provided with a valve,
which permits the entrance of fresh air. The piston descends
and air is compelled to enter the receiver, the receiver having
been shut the piston ascends and fresh air enters and so on.
An application of this pump we see in the az7-gumn. 216. 217.
A compression of air takes place also in dellows, and in our
chest, whilst breathing, sucking, smoking, and drinking. 195.

§ 92. 3. Hero's fountain see: 218, and the fountain 772
2acuwo under 1. (Hero of Alexandria 210 B. C.)
§ 93. 4. Water-pumps.

a) The suction- or lift-pump. 193.  (The piston per-
forated and provided with a valve).

b) The force-pump, by means of which water is raised, not
in consequence of the atmospheric pressure but of the pressure
of the piston. Hence there is no valve in the piston and no
lifting pipe, but the barrel itself with a valve in the bottom
(opening upward) is dipped in the liquid. The water is forced
out through a long tube with a valve placed in its orifice, In



XLI

raising the piston water enters the barrel, when the piston des—
cends the valve in the bottom closes, whilst the other valve opens
and gives exit to the water. The height to which water may be
raised is not limited (in theory).

An application of this pump and of Hero’s founlain we
see in the Fire-engine, 220; and in the Syringe, 219.

No. XXV.

This pump (for watering a garden) is a combination of a
suctio- nand force-pump, the water enters through a leather-pipe
and for getting a continuous flow of it, it is forced at first into a
ball (Hero’s fountain). Our frontispiece shows, that by means
of such leather-pipes fire-engines also can supply themselves
with water.

§ 94. 4 Pressure on bodiesin arr. Archimedes’ principle
applied to gases. 213. That bodies lose part of their weight
in air may be verified by experiment. A scale-beam with a weight
at one side and a hollow copper sphere at the other side, which
in air counterbalance each other, is put under the receiver of
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an air-pump. After the air has been exhausted the sphere sinks.
This instrument is termed: a Baroscope.

The chief applications of this principle are Balloons, 221 ;
and the flight of birds. 222.

CHAPTER VIL

Chemical and physiological properties of air.
223-241.

§ 95. Composition of air and the relation of its consti-
tuents to the processes of vegetation, respiration, and combus-
tion. 2233

§ 96. 1) The necessity of Oxygen. 224.

1) For Combustion: A lighted taper under the receiver of
an air-pump, 225; a light put under a bell-jar, in such a man-
ner that no fresh air has access, will be gradually extinguish-
ed, 226; a lamp without cylinder smokes, 227; in a cellar,
in which wine ferments, a light is extinguished, 228; wind
increases a fire, 229; similarly we blow a fire to revive it, 230;
but (see: 231); a current of fresh air causes iron to melt in fire,
232; when the chimney is covered by a wet sack-cloth, the fire
becomes extinguished, 233; when in the bottom of a large
chimney sulphur is burned, the fire goes out, 234; fire some-
times goes out by itself in a burning room, if the doors and
windows are carefully shut up. 235.

2) For Respiration: Animals die in vacuo, 236; (fishesand
reptiles can bear it for a much longer time, insects live several
days in a vacuum). The diver’s bell must be drawn out of
water from time to time, 237; it is unhealthy, if a room is
crowded. 238.
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§ 97. 2) Dangerous gases. Carbonic acid produced by
fermentation, 239; carbonic acid, sulphuretted hydrogen, car-
buretted hydrogen gas produced in mines, wells and sewers;
how do we prove the existence of such gases? Davy’s Safety-
Lamp, 240; people killed by choke-damp. 241.

CHAPTER VIIL

Sound Acoustics. 242-257.

§ 98. Sound produced by a vibratory motion; how this
may be verified see: 242.

§ 99. 1) The Propagation of sound, 243; Sound-waves
or condensed and expanded layers of air. The origin and pro-
pagation of sound-waves are similar to the manner in which
waves of water come into existence and extend. Just as that part
of the water in a lake, which has been agitated by throwing in a
stone, does not proceed to the shore, but after it has put the
neighbouring parts in motion it recedes, so is it with the propa-
gation of sound, 244 ; thus sound is not propagated in a vacu-
um. 245.

§ 100. Causes which influence the 222/enszty of sound.

@) The intensity of sound is inversely as the square of the
distance of the sounding body from the ear. 246. Sound-waves
are hollow balls and the surfaces of balls are in proportion to the
squares of their radii.

) 1t is influenced by the mass, elasticity and density of
the body, which vibrates or yields a sound. 247.

¢) The intensity of sound depends on the density of the
air, in which it is produced and propagated. 249.

d) It is modified by the direction of the wind. 249.
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¢) It is strengthened by the neighbourhood of a sounding
body 253. (Resonance of air).

§ 1o1. The Velocity of sound in air, 248. (1,100 ft. a se-
cond). Gay, Lussac, and Alex, v. Humboldt 1822.

§ 102. The Propagation and Velocity of sound 27 liguids
and soltds. 250. In general liquids conduct sound better than
solids (Biot, Gay, Lussac, Sturm and Colladon). The velocity of
sound differs with different mediums, €. 2.

in whale-bone 62 times

» linden-wood 15 3
» glass 162
, iron 162
» fir-wood 18 5

greater than in the air.

§ 103. Velocity rises also in one and the same body, if the
condition of that body changes (/. ¢. different trunks of one kind
of wood and higher temperature increase velocity of sound, mois-
ture in the air hinders the propagation of sound). Velocity of
sound is quite independent of the source of sound and its height
or depth (a concert at some distance).

§ 104. Refection of sound or echoes. 251. The reflec-
tion of sound takes place according to the same laws as the re-
flection of heat and light. Place 2 parabolic mirrors at some
distance from each other; at a certain point we put a watch in
front of the one, called the foczs. All the vibrations emanating
from this focus will be reflected from this mirror in parallel rays,
fall on the second mirror and are thrown back to its focus. If
the ear is put to this second focus, the ticking of the watch is
distinctly heard, because all the sound-waves are concentrated
in the ear.

§ 105. Under what circumstances an ¢cko will take place?
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251. Experience teaches us that in one second we cannot
hear more than nine sounds, hence we can only distinguish sounds
from each other which succeed at intervals of 1 second, a second
sound reaching the ear before § second has elapsed coincides with
the first sound.

An echo can only be produced, if the reflecting object is at a
distance of at least 61 ft.

If there are many reflecting walls, a poly-syllabic echo will be
produced.

If the sound-waves strike a reflecting wall in an oblique direc-
tion, the echo will be heard not at the place of its origin but some-
where else.

How is it possible to hear an echo on the sea? How can a
very strong sound (/. e. the discharge of a cannon) cause an echo
in places where under ordinary circumstance an echo is never
heard?

§ 106. The use of fubes for transmission of sound.

@) The speaking-trumpet. 252.

b) The ear-trumpet, an inverted speaking-trumpet.

¢) The stethoscope,an instrument similar to the speaking-
trumpet. One end is held against the diseased part of the body
and the ear against the other end. By means of this a physi-
cian may detect anything abnormal in the chest or elsewhere.

Our outer ¢ar represents also a sound-trumpet. In some
animals this part of the ear is longand flexible, so that the animal
can adjust it in compliance with the direction from which the
sound comes. For the other parts of the ear see: 254.

§ 107. Solid bodies do not only reflect sound-waves,
they may also be put into a state of vibration and impart these
vibrations to the air on the other side (music, conversation etc.
heard through the walls of a room). The thinner and more elastic
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such bodies are, the better will they transport sound. A highly
interesting phenomenon is Marloye’s Diapason, consisting of
two tuning-forks, which are screwed on two hollow boxes made
of very thin wood and open at one side. If one of these tun-
ing-forks is struck, the other one will sound too, even at a di-
stance of 1o-12" and will vibrate self-dependent after the sound
of the first fork has been stopped.— Such vibrating bodies even
strengthen sound, and this is called Resonance (see following
passage and 253).
2) The production of musical sounds,

§ 108. Difference of sound and noise. 242. Limit of per-
ceptible sounds; musical Scale; ¢ntervals and the numbers of
vibrations, by which they are produced.

§ 10g. By different apparatus (Savart’s Monochord, the
Siren of Cagniard de la Tour, the cogged wheel, each tooth strik-
ing a card whilst passing, Stewart’s Primer, page 59. 60) the fol-
lowing law may be affirmed. The pitch of a sound depends
on the number of vibrations produced in one second. Equal
sounds are produced by one and the same number of vibrations
whatever may be the source of the sound. The quotient of 1100
ft. and the number of vibrations shows the length of one sound-
wave. Hence we also may say, that the pitch of a sound de-
pends on the length of the sound-waves.

§ 110. Thenames of the 8 tones of the musical scale are:
do, re, mi, fa, sol, la, sa or siz The tone produced by one half
of the string or by the double number of sound-vibrations is call-
ed the ocfave. The corresponding lengths of the string for the

8 tones from the key-note to the octave are: 1, $, 4, 3, 2,8, .8

©)e o

’
1, and the corresponding numbers of vibrations: 1, §, §, 4,
3,48, 2. Harmony and Dissonance, see: 256.

§ 111. The tuning-fork and Resonance of arr, see: 253.
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If we take a glass cylinder and then, whilst pouring water in the
cylinder, make a tuning-fork vibrate, hold it over the cylinder
at a certain height from the water, the sound of the fork will be
strengthened. The sound of another tuning-fork yielding a
different sound, will not be strengthened at the same time (by
the same cylinder), which shows, that the column of air enclos-
ed in the cylinder partakes of the vibrations of the tuning-fork,
emitting the same note.

§ 112.  As to the wibrations of strimgs: The number of
vibrations in a second is inversely as the length and the diameter
of the string; thus the shorter and thinner a string, the greater
its number of vibrations, the higher the tune. 23535.

Lagrage (1759) discoverd the following law :

M= \,rk
lrvd

(% means the stretching power, £ the length of the string, #
its radius and & the density of the material).

If a string at the end of the first of its four parts is support-
ed or touched by the finger, the last fourth will produce a tone,
which is the second octave of the key-note produced by the
whole string (flageoletstone or harmonic sound}.

§ 113. In stringed instruments the sound is strengthened
by a sounding-box, both faces of which vibrate together with
the enclosed air, The vibrations of tones may even be render-
ed visible by the so-called Chladni’s Figures: We scatter some
sand upon a metal-plate or glass-plate and a violin bow is pass-
ed smartly along the edge. The sand dances off and settles
itself in beautiful figures, which show places of vibration and of
no vibration.

§ 114. As to the wind-instruments the wind is produc-
ed either by simply blowing into the tubes or by bellows. With
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regard to the arrangements made to set the enclosed air in vib-
ration we make a difference between mouth-tnstruments and
reed-instruments. In the former by the so-called mouth-piece
air enters not in a continuous flow (as if simply blowing into
a tube) but in an intermittent manner; in the latter air is set in
vibration by means of elastic plates, called tongues. Mouth-in-
struments we have in the flute, the horn and in most pipes of
an organ; vibration by tongues is produced in the harmonium,
the clarionet, the oboe and the bassoon. Take a blade of grass
and fasten it between the thumbs of both hands and you have
a reed-instrument.  On blowing into the hole or rent produced
by joining both thumbs together a sound will issue.

§ 115. If pipes are sfopped, the number of vibrations are
inversely as the lengths; hence the longera pipe of this kind the
deeper the sound. A pipe half as long as another yields a sound
which is the octave of that produced by this pipe. 256.
The note yielded by an open prpe is always an octave higher
than the note of a closed one of the same length.

§ 116. By a reed-pipe, which in perfection surpasses any-
thing constructed by art or science, the human voice is produc-
ediro 57,

§ 117. There existsa curious instrument calleda Chemical
Harmonicon, in which a sound is produced by a chemical pro-

.cess. If we hold a glass-tube, 50-100 centimeter long, above
the flame of burning hydrogen, the flame begins to tremble and
the air within the tube begins to sound. The sound changes with
the length and width of the tube. In bringing this singing or
sounding flame before a looking-glass and causing it so turn
round its own axis, we behold a circle of flames, separated from
each other by dark intervals. The sound is produced by the
vibrations of the flame and the air. The vibration of the flame
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is produced by successive explosions produced by a periodical
combination of Oxygen with Hydrogen. After each explosion
* the flame is almost extinguished, as the looking-glass shows.

§ 118. If sound-waves meet each other in such a manner,
that the condensation of one wave fills up the expansion of an-
other they neutralize each other and no sound is heard. ([72fer—

ference). Most of the investigations on sound we owe to elmholtz.

CHAPTE R IX.
HEAT.

A, Sowurces of Heat and its propagation,
258-290.

§ 119. Dgfinition. The fwo lypotheses as to the nature of
heat: 1) Zeory of emission,according to which heatis a subtle,
imponderable substance, surrounding the molecules of bodies
and passing from one body to another. '2) Zkeory of undu-
lation, according to which heat is caused by a vibratory motion
in the bodies themselves. This vibration causes waves of
warmth in a kind of ether pervading the whole universe. Hence
the phenomenon of warmth is similar to that of sound in its
organ as well as in its propagation (through ether instead of the
air). The vibrations of this ether finally cause the sensation of
heat in our body. The waves of heat and those of light are
not different from each other, if still not all the waves of heat
produce the sensation of light, we must consider that our organ
of sight is only affected by such vibrations of ether, which show
a certain length of their waves. The atoms of all bodies are
more or less in a state of such vibration. One and the same

D
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body may seem to be cold or warm according to the condition
in which we have been before.

§ 120. The degree of warming is called femperature,
which is not a quantity of the substance of heat (first theory),
but a quantity of the living power, produced by the vibrating
atoms of a body (second theory). According to this second
theory, which is now accepted in general, heat like sound is
' caused by a vibratory #ofion. 258.

§ 121. 1) There are different sources of heal,  They
are: 1) mechanical sources, such as friction, percussion and
pressure; 2) physical sources, that is: solar radiation, terrestrial
heat, changes of condition and electricity; 3) chemical sources,
7. €. chemical combinations, especially combustion. 258.

§ 122. @) Heat due to friction. Flint and steel or two
pebbles rubbed together. 259. The axles of a carriage. 260.
Sliding down a rope. 262. Rubbing of Lucifer matches and safety-
matches. 261. Sir H. Davy even succeeded in melting twor
pieces of ice by rubbing them together in a vacuum below zero.
Heat is produced in the tools used for sawing, boring, filing etc.
or by rubbing the hands together. 268. Some think, that even
shooting-stars are planetary bodies, which, attracted by the
earth, are raised to incandescence in consequence of their fric-
tion with the atmosphere and by the compression of the air.

© §123. b) Heat due o percussion. A horse trotting
over a hard pavement; iron hammered on an anvil may be rais-
ed to red heat.

§ 124. ¢) Heat due to chemical combination. Chemical
combinations are always accompanied by an elevation of tem-
perature: limeslaking; water and sulphuric acid; animal
heat (see § 174); combustion as a combination of the Hydrogen
and Carbon contained in the burning substance with the Oxygen
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of the air. 263. (225). Also putrefaction as a slow process of
combustion (damp pay takes fire), 264; but for combustion
a certain amount of heat is wanted, which amount varies
with different bodies (combustible and incombustible bodies).
2635.

§ 125. @) The most powerful source of heat is the radia-
tion of the sum. “Faraday calculated that the average amount
of heat radiated in a day on each acre of ground in the latitude
of London is equal to that which would be produced by the com-
bustion of 60 sacks of coal.”

§126. €) As to Zlerresirial heat or the heat peculiar to
our carth, the heat on the surface of the earth’s crust is due sole=
ly to the influence of solar radiation. In a depth of 3-5"in the
temperate zone the daily changes of temperature cease, in a
depth of 60-80" we have the layer of constant temperature and,
we may say, here ends the inflnence of the sun’s radiation.
Below this layer we may observe an increase of 1° C for 129
feet. This increase is not the same everywhere; it seems to be
influenced by the condition of the various strata. Proofs of
this inward-heat are: 1. Mines (care must be taken to exclude
air whilst measuring), 2. Arfesian wells. A bore near Berlin
shows the following results:

Depth. Temp. in Réaum. Depth. Temp.
700/ 172755 1700 24.74°
9oo’ 18. 78° 1900’ 2601
1100 o A 3 2100’ 28.66°
1300’ N o 3300 37:23°
1500 23529, 4042’ 38.50°.

Also Artesian wells prove that as to the increase of heat no
rule can be fixed. There is a place (Neuffen in Germany)
where an increase of 1°C may be observed after a descent of 34.1’

D*
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and there is another place, in which heat increases 1° only after
a descent of 444’. These varieties may be caused by cool or
warm waters, the influence of air (¢.£. in bores from the top of
a hill), by the conductive property of the rocks, also by chemical
processes. Perhaps the centre of heat is also not at the same
distance from every place of the earth’s crust. 3. Hof-wells,
(/- e. Geysers in Iceland) which occur even in the coldest parts
of the earth; their heat is constantly the same and greater than
the heat in any part of the earth’s crust within our observation.
4.Volcanoes. The heat of lava-streams must be estimated to
amount to 2000°&. We may imagine the excessive heat of lava
from the fact that vessels of glass melted on the table in a mon-
astery without coming in contact with the lava itself. A lava-
stream still moved after 10 years and another one was so hot
after 31 a year that pieces of wood thrown into it were melted
at once. 5. Zarthquakes. 6. The lifting and sinking of whole
masses of land.—The cause of this excessive heat is: the earth
having formerly been in a melting, fluid state like a great many
other celestial bodies, is not yet cooled down and in its interior
parts it is still in the liquid state of such bodies.

§ 127. f) Heat due to changes of conditions,—see: 300.
(Heat is set free by solidification and liquefaction § 153-155)-

§ 128. ) Heat due to electricity seec: § 270. 285.

2) Propagation of Heat.

§ 129. @) Conductive Power of bodies. There are good
and bad conductors: Metals and wires are good conductors;
paper, wood, ashes, earth and soot are bad conductors: 266-27 2.
The worst conductor is air, hence all porous bodies are bad con-
ductors. Use of cloths. 27 3. Ice folded in flannel. 274. Houses
built of wood and ice. 275. Tight and loose dresses- 276. Snow
protects seed and young grain from frost., 277. Water a better
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conductor than air. 278. Sensation of heat and cold, when in
contact with certain bodies. 279. The genuineness of gems
tested by touching them. 280. Wind conducts heat thus pro-
ducing cold. 281. Dipping the hand into melting iron. 340.
Red hot cannon-balls can be wheeled to the gun’s mouth in
wooden barrows partially filled with sand. Lavahas been known
to flow over a layer of ashes underneath which was a bed of ice,
and the ice did not melt. (About propagation of heat by convec-
tion, see § 146.)

§ 130. @) Radiation, Reflection and Absorplion of Heal.
The warmer body causes by means of the thermal waves, pro-
ceeding from it vibrations of the atoms in a colder body. Hot
bodies may send out rays of heat, which produce heat without
heating the air. In standing before a fire or exposing ourselves
to the sun’s heat, we feel warm in consequence of the radiation
of heat. 282. This radiation takes place in all directions round
a body, but the rays themselves are emitted in a right line. This
heat is even propagated in a vacuum. Radiant heat is propor-
tional to the temperature of its source, but like sound its intensity
is inversely as the square of the distance.

§ 131. Bodies always tend to exchange their heat in order
to assume an uniform temperature or “#4e Eguilibrium of Tem-
perature”.

§ 132. Three cases are possible in this respect:

1. If the bodies exchanging their temperature are of the
same substance and mass, the warmer body loses as many de-
grees as the cooler one gains, Jf-e. 11b. at 100° C and 11b. at
20° make a mixture of 60°. s

2. The bodies have the same substance but unequal mass.
If the cooler one has 72 times more'mass, it gains 7 times less de-
grees than the warmer one loses; if the cooler one has # times
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less mass than the warmer one, it gains 72 times more degrees
than the warmer one loses : f.e. 1 1b. waterat 100° and 3 Ibs. at
20° make a mixture of 40°. If the 31bs. lose X degrees, we get
the following equation:
I00—3X =20+ X%
I00 =20+ 4%
X = 20, 3% =60.
1 1b. at 20° and 3 1bs. at 100° give a mixture of 80°, for
1I00—X =20+ 3 %

X = 20, hence the cooler body gains

60°, the warmer one loses 20°.

For both cases Richmann's rule holds true:
Mt + mt
M + m
(M and 7 being the mass and temperature of one body, 72
and £ that of another one.

T:

3. If the substances of two bodies are different, the tem-
perature of the cooler one rises more or less according to the
condition of its substance; £ . 11b. of water at 100°and 1 Ib.
of mercury at 69° produce a mixture of gg°; 1lb. of water at
69° and 11b. of mercury at 100° give a mixture of 70°. We
see the quantity of heat, which raises the temperature of 1 1b.
of mercury for 30°, raises that of a pound of water only for 1°;
hence water has a 30 times greater capacity to absorb heal
than mercury or a quantity of water having an equal temperature
with the same quantity of mercury contains 3otimes more heat
than the laiter. Taking the capicity of water for absorbing
heat for 1, we see that the capacity of mercury will be 5. That
number, which indicates how many times more heat is contain-
ed in one pound of any substance, than in 1 pound of water of
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the same temperature, is called the Specific HHeat of that body.
{More about this see under 3, § 136.)

§ 133. When a ray of heat falls upon the surface of a
body, part of it is absorbed and raises the temperature of the
body, another part darts off in such a manner, that the angle
made by the incident (falling) ray and the surface of the body

is equal to the angle formed by the 7¢fecfed ray and that sur-
face.

§ 134. The absorbing and reflecting powers of bodies are
very different in various bodies. Some absorb much and reflect
little, some reflect much and absorb little. Bodies, which the
rays of heat pass through we may call diathermal and those,
‘which reflect them, afhermal bodies. (Crookes’s Radiometer.)

The reflecting power of some substances may be seen in
the following instances: Plants placed in contact with a wall.
283. Reflecting power diminished by black colour, 285 ; cooking
vessels should be black and rough, 286 ; white and polished
vessels cool slowly. 287. Nocturnal radiation prevented by
<louds or smoke, which reflect the rays of heat. 288. 289.

§ 135. A great heat may be produced by concave mirrors,
which catch the parallel rays of the sun and reflect them in such
a way, that they coincide in one point, the focus of this burzn-
IRGg MLrror. !

Zemark. It is said that Archimedes burnt the Roman vessels in the
harbour of Syracuse by means of such mirrors. 284. (See No. 84 page 210.)

§ 136. 38) Specific Heat. We may compare bodies as to
the quantity of heat they absorb, when their temperature rises
through a certain number of degrees. The unit chosen for this
comparison (the Zkermal unit) is the quantity of heat neces-
sary for raising 1 lb. of water through one degree of Centigrade.

§ 137. For finding the specific heat of any body the most
reliable method is that of mixture. With a certain quantity of
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water we mix the substance to be investigated, having ascertain-
ed before its quantity and temperature, and observe the rise of
temperature in the water.

If the quantity of water is=72, its temperature =2°, the
water represents 72. ¢ thermal units; if the specific heat of the
body in question would be the same as that of water and 72,
its quantity 7, its temperature, it would contain 72,. ¢, thermal
units; but if we call the specific heat in question ¢, the second
body contains ¢,. 7. ¢, thermal units. Hence before the mixture
takes plases both substances contain 72 f+¢y. #2. %, thermal
units. After the mixture the temperature of both bodies is uni-
form and we call it 7°. Water contains 72 7" the second body
¢y 7y T thermal units, hence both together #2 7'+ ¢, m, 1" or (m
+¢; 7my) T. As by the mixture the quantity of heat is not chang-
ed, we get the following equation.

mtyc, my ty=mtcom) T
from which the value of ¢, easily may be derived; /. ¢. an iron
ball of 2 bs. and g3° heat is thrown into glb of water at 10° and
the temperature of the water increases to 12°, find the speci-
fic heat of iron. 7, =9,/ =10, M, =2,f=93andl =12.
Q.10+ ¢1. 2.93=(9 + ¢ 2) 12
9o + 186 ¢; = 108 + 24 ¢
CL=%

Remark. 1. For finding the specific heat of bodies soluble in water,

we take another liquid, the specific heat of which we know already.

Remark. 2. The specific heat of simple bodies (elements) is inverse-
ly as the weight of their atoms (Dulong, Petit).

Thus for instance more heat is wanted for raising the tempera-
ture of water than that of oil; iron wants more than zinc,
water more than earth. 2go.



LVII

CHAPTER X,
HEAT.
B. The Effects of Heat.

291-353.
1. Expansion by Heat.

§ 138. 1) As bodies expand by heat, we may measure tem-
perature in examining the regular expansion of a certain body
in consequence of heat. The instrument for measuring temper-
atures is called a Z/wermometer. TFor its construction and the
three kinds of mercurial thermometers, see: 291.

§ 139. For changing the degrees of Reawumaur’s thermo-
meter in such of Celsius or Fakrenkeit the following formula
will be found covenient :

7' R = 3n°C =
n°C = 4n°R =(
nE =Ml L SR (= 32)C.

The tube must have the same width, every where. Why? Why

should the tube be as narrow as possible? Why the bnlb as small

<

as possible? Why is the open end sealed by melting the glass?
The space above the mercury must be a vacuum, why?

The thermometer does not show, how much heat is contain-
ed in a body.

Remark. The first thermometer was constructed by Drebbel in Holland
(1630); Fahrenheit in Danzig and Reaumur in France added the two
fundamental points with the commencement of the 18th century. The
thermometer of Reaumur is used in Germany, that of Fahrenheit in Eng-
land, and that of Celsius in France and in science.

§ 140. Also alcohol may be taken instead of mercury.
Rutherford’s maximum and mintmum thermometers are



LVIII

very useful. Both are placed horizontally and the maximum
thermometer, whilst rising, pushes a small piece of iron wire,
which will remain on the highest point as soon as the mercury
contracts. The minimum thermometer contains a very small
hollow glass, which is not displaced as long as the alcohol ex-
pands, but which in consequence of adhesion is carried with the
alcohol as long as it contracts.

§ 141. 2 A very instructive example of Expansion is
Gravesande's ring. 1t is a brass-ball, which in ordinary tem-
perature passes freely through a ring, but when heated, does not
pass through. For another example see Physics Primer, page 64.

a) Expansion of solids:

§ 142. Asto the lZnear expansion of a body in heating it
from 0-100°C we ascertain what part of its length is added by
expansion. The number representing this is called the Cogffici-
ent of expansion. The length of a body being 500" at 0°C and
The

I
501’ at 100°C, the Coefficient of expansion will be e

cubic expansion is three times greater than the linear one. Every
solid body has its own coefficient of expansion (cohesion being
different with various bodies). For solid bodies expansion bet-
ween o° and 100° is in general proportional to temperature, not
50 in higher temperatures and with liquids (with the exception
of mercury). Examples:

Securing tires on wheels. 289. Iron roofing not to be solder-
ed, 294 (railways); hot water poured in a tumbler. 293. The
walls of a gallery at the Conservatoire des Arts et Métiers in Paris
began to bulge and were drawn together by passing iron bars
through them; the bars were exposed to heat, expanded and
were. screwed up, allowed to cool they contracted and drew the
walls together. ~Another application is Zke Compensation Pen-
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dulum. In § 56, @,(136); we read about the influence of
temperature upon a pendulum. To compensate for these changes
a pendulum was constructed, in which the evil corrects and cures
itself. For this purpose the several metal bars, of which the
pendulum consists, are arranged in such a manner, that the up-
ward expansion of some rods is exactly compensated by the
downward expansion of some other rods.

§ 143. b) Expansion of Ligquids. They are more ex-
pansible than solids. There is the remarkable exception that
water at 4°C has its maximum density, and if still cooled down
it expands. Great importance of this fact in the economy of
nature. 291. 295 and 296. An evident proof of design in na-
ture! Applications are: A tumbler full of water runs over when
the water is heated. 297. Mercury in the thermometer. 298.

§ 144. ¢) Expansion of Gases. Their expansion is most
regular and their expansibility is even 13 times as great as that
of water. ?

§ 145. As to the expansion of vapours it is the greater
the more vapours of the same density are heated or the more
they are condensed by pressure, but this pressure cannot be in-
creased ad libitum, for, having obtained a certain density, va-
pours will enter the liquid state. A vapour in this maxzmum of
density is said to be Salurated and in this state it has also ob-
tained the maximum of expansion. Tor the vapours of dif-
ferent liquids the maximum of expansion differs, but the ex-
pansion of vapours coming to existanee by ebullition is the same
for all liquids, it is equal to one atmosphere.

Applications are: The skin of chest-nuts bursts in the fire,
299; the crackling of fire-wood, 300; the bladder on a hot
metal plate, 301; a tumbler held over the flame of a candle
and then put on the hand, 3oz (scarification); smoke rising,
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303; current of warm air from the inside to the outside in a
room, 304. 302; use of a chimney on a lamp, 305; draughts
in chimneys, 305 ; expansion and contraction the cause of all
winds, Land and Sea-Breeze. 307.  How the climate of a
country is influenced by its situation in respect to large tracts of
land or water!

8§ 146. 3) In connexion with this expansion of liquids and
gases, due to heat, we may also understand the way, in which
liquids are heated. This kind of propagation is called co72-
vexion. 368. (§ 129.130) The same process takes place
in tanks and rivers so slowly, that we cannot observe the circu-
lation of water. At night and in the cold seasons the water in
the surface cools down, sinks and the warmer layers of water
rise and after having been cooled sink down toe, thus causing
a perpetual movement in the water, which is of the highest im-
portance to animals living in water. Without this circulation
of water oxygen would never come down into the depths and
this oxygen must sustain the life of the animals living down
there. Besides, this movement prevents corruption and the
poisoning of the earth. Is all this mere chance? Is it not
rather the trace of a purpose laid down in nature?

11. Changes of the state of bodies by the action of Heat.

§ 147. The process of fusion and ebullition shows, that
heat diminishes cohesion and that in the case of ebullition
this cohesion even is changed into repulsion.

§ 148. 1) Laws of Fuston. @) Fusion begins for one and
the same substance at a certain temperature, which is invariable.
&) From the moment fusion commences the temperature does
not rise until the fusion is complete.

§ 149. Latent Heat is the heat absorbed by the body
during its fusion and it is not indicated by a thermometer. 309.
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If we heat a vessel filled with snow over a light, the thermo-
meter put into the snow, the temperature will rise up to o°, but
at this point it will stop until all the snow is melted.

1lb. of water at 80° C and 1lb of water at 0° C mixed to-
gether are changed into 2 Ibs. of water at 40°C, but

1lb. of water at 80° C and 1lb. of snow at 0°C mixed to-
gether, yield 21bs. of water at 0°C. In this case the surplus of
heat is absorbed by the melting body.

§ 150. The same takes place and the same laws hold true
also for evaporation (the slow formation of wapowurs on the
surface of a liquid, which process goes on at any temperature in
an open vessel) and ebullition (a rapid production of vapour
in the mass of a liquid itself). 3o0g.

§ 151.  Aériform bodies, which under ordinary circum-
stances are not produced by evaporation we call gases (but see
§ 167), vapour is invisible, only when commencing to liquify
can it be seen (mist).

§ 152. As to latent heat the amount of heat absorbed by a
body varies with different substances. Iron absorbs more than
lead ; fusing and boiling point. 310. Melting substances absorb
heat, hence a ##aw lowers the temperature in spring. 311. This
is the reason, why even in a hot country ice may be prepared; for
Freezing mixtures see: 31z, 3 parts(by weight) of snow and
1 part of salt give a mixture of 0° to—17° C. Powdered sul-
phate of soda (Glauber’s salt) poured over by hydro-chloric
acid yield a mixture of+10° to-17° C, 3 parts of muriatic (hy-
dro-chloric) calcium and 2 parts of snow—o° C to—28°C, 1 part
of dilute sulphuric acid and 1 part of snow—7° to—351° C.

§ 153. Just the contrary takes place in Solidification
(passage from the liquid to the solid state) or the Liguefaction
of gases and vapours (passage from the gaseous to the liquid
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state), 7. €. heat is disengaged or heat is set free. So e. g.
as long as snow falls the severity of cold is diminished; water
freezing near plants saves them from cold, 313; water in a
tube, from which air has been excluded can be cooled down to—
10° C without freezing, if it is not shaken; if shaken part of it
freezes at once and the temperature rises to o° C.

§ 154. Whether some bodies cool quickly or slowly causes
a difference in their properties (cohesion); /. ¢. sulphur by a
sudden solidification is changed into a tough, tender mass; if
cooled down slowly we get a hard, brittle substance. By a quick
cooling glass and iron are made hard and brittle.

§ 155. The disengagement of heat can only be observed
if the processes of solidification and liquefaction take place
very quickly. So £ e. if vapour at 100° C, is led into a vessel
containing water at 0° C, it will be liquified and the whole mass
of water will have a temperature of 100° €. This can only be
the result of the vapour passing over from the gaseous into the
liquid state.

§ 156. Most chemical substances when passing from the
liquid or gaseous into the solid state assume some definite geo-
metric form or are said to ¢zysfallize. Crystals are produced
when a substance, such as nitre, is dissolved in water and the
solution is allowed to evaporate gradually, or when a body, such
as sulphur, is melted and allowed to solidify by cooling. We
are ignorant of the mode, in which such crystallization takes
place; but the process, by which crystals are formed is always a
very slow one, and the more gradually a crystal has been pro-
duced the larger and more perfect it is. As a rule any parti-
cular body possesses a definite form, in which it always crystalli-
zes and by which it can be distinguished. The many thousand
different forms are arrayed in 6 systems. There are crystals so
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small, that they can be perceived only by a microscope and there
are some, which have a weight of 8oolbs. The smallest parti-
cle of one shows the same form which the original crystal pos-
sesses. Also these crystals are a proof of divine thought per-
vading all regions of the universe, from the systems of planets
or fixed stars down to microscopical particles of matter. Water,
uniting with neutral bodies or salts, forms crystals and water in
this solid state is called “wafer of crystallization”. In such
crystals we have water in its solid state as well as in ice. The
transition from the uncrystallized into the crystallized state of
a body is accompanied by a motion in the most minute parts of
the liquid, by which the phenomenon of light is produced (if the
liquid is shaken). The same substances only once give light
by crystallization, if dissolved again and exposed to crystalliza-
tion no light will be seen.

§ 157. 2) All these processes are 27/fucnced in many ways.
We know of bodies, which instead of #elfing (fusing) are de-
composed (paper, wood, wool); others seem to be refractory, but
this perhaps only because we are at a loss to produce the neces-

sary heaf.

§ 158. [Each body melts only at a fixed temperature.
Hammered iron at 1600°C  Lead atv el e
Soft R EOR T - Bismuth 5 2506°—
Steel at 1800-1400°— LR n 230:_"
Castiron , 1050-1200°— o A R

Wax 5 08°—
Gold at 1250°—  Stearin s e
Silver S 1000 — = B e
Antimony » 432°—  Turpentine y —I10°—
Zinc » 360°—  Mercury 5 —40°—

§ 159. Solidification is not only accompanied by a disen-
gagement of heat; in some cases also a material #72c7ease of the
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solidifying body takes place. Thus the volume of water increas-
es in solidifying. 295. 296. Ice may even break a bomb-
shell, as Major Williams in Canada has proved, whose bomb-
shell was cracked and projected to a distance of 415. The
same takes place with cast-iron, bismuth and antimony, whilst
gold, silver and copper cozn/7act; wherefore coins cannot be cast
but are stamped with a die.

§ 160. The expansion of water by freezing may be ex-
plained by the fact, that freezing is a kind of crystallization;
hence the molecules of water by arranging themselves in regular
groups occupy a larger space.

§ 161. Pressure may be substituted for heat and the point
of solidification or fusion lowered in doing so. By a pressure
of 8 atmospheres the freezing point of water may be lowered by
0.06°C (James and William Thomson)and by a pressure of about
13000 atmospheres Mousson succeeded in liquifying ice at a
temperature of—18°C. In the first case a strong pressure pre-
vented the molecules of water from arranging themselves in cry-
stals, in the second case an immense pressure destroyed the
arrangement of crystals.

§ 162. Evaporation is influenced: @) by the rencwal of
air; thus linen is hung out to dry, 314; use of fans. 326. If
the air is not renewed it will finally be Sa¥urated with vapour
and then the formation of vapour ceases 316, 322. Each space
can receive only a certain quantity of vapour, which is the greater
the warmer the vapour (see 0) and the drier the air. ~ The air
being thus an obstacle to vaporization, we may understand, that
in a vacuwm all liquids are instantaneously converted into
vapour. 327. &) Evaporation is farther influenced by temper-
ature: the higher it is the more abundant will be the vapour
produced, 316; ¢) by the exient of the surface.3s5. (Salt-



LXV

pans). Evaporation takes place only at the surface of a liquid
d) by pressure; as the pressure of the atmosphere is a hind-
rance to the formation of vapours, the more this pressure is
«diminished the more evaporation takes place.

§ 163. By evaporation heat is rendered latent or it is ab-
sorbed from the surrounding air: But in evaporation all the
‘heat is not rendered latent (as in boiling), else it would not be
possible to warm a liquid in an open vessel. We feel cool after
-rain, 317; fire extinguished by water, 318; wet fire-wood, 319;
wine kept cool by wet clothes. 320. Filtration (see Porosity),
321; evaporation taking place on our skin, 322; we feel cold
-coming out of a bath. 323. Moist linen is cold and injurious.
324.

§ 164. We have seen that temperature and evaporation are
in close connection, so it is of great importance to know the
actual quantity of vapour present in the air; this quantity is
very variable with the seasons, the climates, the temperature and
-other causes. The degree of moisture or the distance of the
-air from its point of saturation may be known by Z&e Psychro-
aneter, 325 (also called “Wet-bulb Hygrometer™).

§ 165. Also a great many Meteorological Phenomena de-
pend upon heat and evaporation. Smoke does not rise before
rain, 328; a great number of animal and vegetable substances
{hair, strings etc.) elongate as the air becomes moist, and con-
fract as it becomes dry; thus they indicate the quantity of va-
pour contained in air. Instruments serving the purpose of
measuring the amount of moisture in the atmosphere are called
Hygrometers (or Hygroscopes). 329. Clothes get damp by
the moisture in the air. 330.

§ 166. Liquefaction or the condensation of vapours may
be due fo 3 causes: @) chemical affinity (salt absorbs the

E
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vapour of the air), &) Pressure. If vapour is exposed to an
immense pressure, a point will be finally reached, where the
vapour present is just sufficient to saturate a given space. Any
pressure beyond this point will cause the vapour to pass into
the liquid state. ¢) Liquefaction 8y cooling. After vapours are
in a state of saturation the slightest lowering of temperature
will stop repulsion between the molecules and attraction will
preponderate, they agglomerate, form small drops, float in the air
and are deposited on the surrounding bodies. Thus windows
are covered with moisture. 331. Vapours passing over from the
gaseous to the liquid state may be seen over a vessel containing
hot water. In winter even the breath of men and animals will be
rendered visible. Dew depends not only on the degree of
temperature, but also on the quantity of vapour contained in
the air, for liquefaction begins only after the air is saturated.
332 (Hoar frost). No deposit of dew if there are clouds,
333; orif wind blows. 334. Z70gs and msts are chiefly caused
by the moist soil being warmer than the air. 335. Clouds are
only a mist in higher regions and consist also of small hollow
vesicles of water suspended in the air (“small balloons”). They
may rise and disappear all of a sudden. 336. 337. Formation

of Ratn, Snow, and Hail. 336.

§ 167. By pressure and cooling even some gases have
been forced to liquify and as some physicists (Cailletet, Raoul,
Pictet) have succeeded in the liquefaction of Oxygen and Hy-
drogen even, there is no doubt, that all the gases are capable of
such a change, and taking this for granted there would be no
scientific difference between vapours and gases.

§ 168. Ebullition or boiling consists in the production of
elastic bubbles, which rise and in layers of lower temperature
are condensed again until large bubbles rise and burst on the
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surface, from which moment water is transformed into vapour
or ebullition commences.

§ 169. For a given pressure boiling always begins at a cer-
tain temperature, £. €. at 100°C for water; but this temperature
varies with different bodies. (About the latent heat of evapora-
tion or ebullition, see I1.) 339. 342. 343-

§ 170. The boiling point is ifluenced: a) by substances
27 Solution. If f.e. salt is mixed, the boiling point will be rais-
ed, but sand or saw-dust put into the water makes no difference
whatever, why? &) by the nature of the vessel in which
water is boiled, 340; ¢) by pressure. Water or substances
heated in closed vessels, in which case boiling is impossible,
but temperature, the elastic force and density of the liquid in-
crease. Papin’s digester, 345 (a safety-valve necessary). The
greater the pressure of the atmosphere on the surface of a liquid
the higher 'its boiling point will be.

§ 171. A liquid cannot boil until heat has increased re-
pulsion between the molecules of the liquid to such a degree as
to overcome the pressure of the atmosphere (see § 9) and of
the upper layers of the liquid; hence either the temperature must
be raised or the pressure diminished. Water boils under the
receiver of an air-pump. 346. Sulphuric ether boils even at
0°C under the receiver of an air-pump. 347. (Compare the
paradoxical experiment 42 in the Physics Primer, according
to which water in a glass-flask, which formerly boiled, begins
to boil again, when cooled by a stream of cold water). Water
boils at lower temperatures on high mountains than at the sea-
level (this is a great obstacle to the preparation of food), thus
heights may be measured by the boiling point. 348.

§ 172. 8) The elastic force of agueous vapour increases
at a high temperature. 349. In utilizing this force and consi-

E*
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dering that by cooling this vapour may be condensed Papin
succeeded in raising and lowering a piston in a vertical cylinder.
350. This led to the invention of the Steam-Engines.351.
352. 354. The force of such engines depending upon the elas-
tic force of the steam and the surface of the piston. 35I.

Newcomen's and Cawley’s engine, in which the pressure of
the atmosphere causes the piston to descend. 351, I.

How Fames Watt improved it @) by the Condenser, 351,
2, a cylinder, in which the steam is cooled to prevent the cooling
of that cylinder in which the piston moves.

5) The valve-chest, an arrangement, by which the steam
is caused to pass alternately above and below the piston.
(See No. 72.) 351, 3.

¢) By means of the comnecling rod and crank the
(rectilinear motion is changed into a continuous circular motion
(see No. 73) and by the Fly-wheel the dead points are over-
come and regular motion is kept up. 351, 4.

d) Watt added Zhree pumps worked by the engine itself:
the cold water pump, which replaces the heated water in the
condenser, the @7 (or warm-water) paump, which withdraws
from the condenser the air and water accumulating there and
the feed-pump, which forces the same water (withdrawn by the
air-pump from the condenser) to enter the boiler. 351, 5.

¢) The Regulator, by which the engine itself regulates
the quantity of steam entering the valve-chest, thus keeping up
a uniform motion. 351, 6.
An application of this engine we see in the Steamers.
(Robert Fulton, Ericson and Smith 1807-1839.) 351, 7.
The Locomotive wants neither cold water-pump and air-
pump, nor the fly-wheel, being a Aigh pressure-engine and
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working with 2 pistons. Steamers work also with 2 pistons,
but they have only a low pressure-engine. 352.

For the purpose of safety, locomotives are farther fur-
nished with the safety-valve, the manometer (§ 86) and the
whistle. 353.

§ 173. By the conjoint co-operation of ebullition and con-
densation (liquefaction) Drstillation takes place, an operation
by which either volatile liquids and substances in solution or two
fluids of different volatility may be separated from each other.

344-
§ 174. 4 Animal Heat. The observations of John Davy
led to the following interesting facts.

1) The blood-heat of men is between 35.8° and 38.9° C
and is not much influenced by age, food and climate.

2) For mammalia it is between 37.2° and 39.7°C.

3) For birds it is between 37.2° and 43.3°C.

4) The temperature of warm-blooded animals is indepen-
dent of the surrounding medium, for cold-blooded animals it is
almost the same with the medium, in which they live. Hence
the organism of warm-blooded animals must either produce heat
(by the combination of Oxygen and Carbon) or heat will be given
out.—People in the north eat more (especially carbonic sub-
stances) than people living in hot climates; we eat more in winter
than in summer; after exercise we feel warm and hungry; by too
much exercise we grow lean; birds have more exercise than
mammalia, and these more than amphibious animals; hence birds
have the warmest blood and consume comparatively the greatest
quantity of food; animals sleeping in winter breathe very slowly,
their pulsation is languid and weak, their skin is cold and they
are not fleshy.

The refrigeration of the body is effected by evaporation on
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the skin.— This transpiration is hindered by air-tight clothes (on
this account they keep warm), by the saturation of the atmos-
phere; fever is moderated by perspiration; by high temperature
or plenty of exercise perspiration is caused; by producing a
draught we cool ourselves.

Remark. Highly interesting phenomena in connection with heat are
the following: water-drops on a red-hot iron plate (Leidenfrost’s drops);
ice produced by pouring sulphuric acid (boiling-point —10°) and some drops
of water in a red-hot iron vessel; to dip the hand into melting iron. 34I.

CHAPTER. Xl
ON LIGHT.

; 354-394-
A, Light in General.

§ 175. De¢finition. The two theories about the origin of
light: 1) The emission theory: an imponderable substance is
propagated and penetrates our eye producing there the sensa-
tion of vision. 2) The undulalory theory: the rapid vibra-
tions of the molecules of an illuminating body are communi-
cated to the luminiferous ether (conf. the theories about heat)
and are propagated by this medium in the form of waves to the
eye. Of course this ether must penetrate all bodies and occu-
pies the whole universe (besides that it is imponderable). The
emission theory (supported by Newton) cannot explain all phe-
nomena. One ray of light may be strengthened, weakened and
darkened by another one, according to the emission theory more
light should only increase the splendour. We may transform
@d ltbitwm light into heat, into mechanical force, magnetism etc.
which shows, that these phenomena are in relation to each other.
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‘The undulatory theory (supported by Huyghens and Euler)
does not only explain all these phenomena, it shows also a won-
derful connection and harmony with the analogous vibrations of
fluids, sound, heat a. s. 0. 354. Notonly utility but also beauty,
harmony and aesthetic effects belong to the purposes of creation!
It seems the oscillatory vibrations of the ether appear according
to different modifications as light or heat or electricity. The
subtility of this ether seems to be beyond all comprehension.
Babinet has calculated, that the subtility of the luminiferous
ether of comets in comparison with our atmospheric air corres-
ponds to a fraction, the numerator of which is=1 and the deno-
minator 10'%, hence a number consisting of 126 ciphers.

§ 176. The various sources of lzght are: The sun, stars,
‘heat, chemical combinations (putrefaction, /. e. in decaying
wood), electricity, phosphorescence. 355. Any condensation or
agitation of matter, be it caused by mechanical pressure or
by an electric stream or by attraction of the molecules in
consequence of chemical combinations or by the contact of fine-
distributed substances etc., may under favorable circumstances
disengage heat and light. ~Asto chemical combinations a piece
of chlorate of potash thrown into spirit of wine and
touched by a drop of sulphuric acid, the decomposition of the
potash will cause the spirit of wine to burn with a bright flame.
There are some substances, which emit light on account of their
affinity to the oxygen of the air; they are called Pyrajbharus
(Phosphorus, fulminating mercury, the dangerous product of a
decomposition of spirit of wine with mercury). Some vege-
tables, animals and decaying wood show a spontaneous phos-
phorescence. Some bodies have the remarkable property to
absorb light and to continue the vibrations of the ether for some
time in their inside. Fluorspar shines for weeks after it has been
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exposed to the light of the sun. If our organ of sight would be
sharper perhaps we might see this continuation of shining inm
more stones.

B. Optics in a special sense.

8 177. The propagation of light takes place in mediums,.
which allow the light to traverse, in a right line, which line is.
called a 7ay of light (luminous ray). 356.

- § 178. The wvelocity of light was determined by Roemer
by an observation of the eclipses of Jupiter’s first satellite. 356..
1358,

§ 179. FEffects of light in general are: _

1) It makes bodies visible (light itself we cannot see, we
see only the bodies, from which it proceeds).

2) It furthers the growth of organic bodies (the colour of
plants and of men). See § 223.

3) Chemical decompositions (pure concentrated nitric acid
is coloured by light; it separates gold from its solutions, silver
from argentates; destroys most colours. See §§ 201. 220-222.

§ 180. LEjfects of light on diferent bodies. Some bodies
stop the rays of light and are called opague bodies, others trans-
mit light and are called #ransparent (or translucent) bodies.
All bodies absorb part of the light, polished surfaces 7¢flect it.
357. 360. 361. There are no perfect opaque (not transparent}
or transparent bodies. Why are snow and powdered ice not
transparent?

§ 181. The 2ntensity of light is inversely as the square
of its distance. 359. “The light of the sun is about equal to
that which would be given by 50,000 wax candles at a distance
of one yard; that of the full-moon is equal to that given by one
wax candle at a distance of 126 inches.”
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§ 182. There is a very simple instrument, called Phofo-
meler, for meassuring the intensity of light: In front of a white
screen we fix a black stick and place the two flames in question
at such a distance from the stick, that the two shadows produced
by them show the same darkness. The squares of the two dis-
tances between the screen and the flames represents the inten-
sities of the two flames.

§ 183. Shadow is caused by light falling upon an opaque
body; the partly illuminated portion of it is called Penumbra.
Applications of this are: the swn-dial and the eclipses of the
sun and moon. 362.

C. Katoptrics.

§ 184. Reflection of light. The law of reflection is this:
a ray of light falling upon a polished surface is reflected in such
a way that the angle of the 7cident (falling) 7@y with the sur-

No. XXVI. face is equal to the angle of the
F ré¢flected ray with the surface. The
B lG A straight line at right angles with

the mirror is called the norwmal
(€ L in No. XXVL). We always
see a body inthe direction of the
rays at the moment they enter the
eye, thus 720/ in its proper place.

The instrument for proving
this law is called Z%eodolite,
which consists of a telescope turn~
ing round the axis of a vertical
and graduated circle.

§ 185. The law may also be
proved mathematically. On ZJ4,
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the mirror falls 4 G as the chiefray and A4 C as any other incident
ray, A G is reflected in the direction of G A, 4 C in the direc-
tion of C D. As AB and C Lare parallel they are in one and
the same plane, hence also 4C and CD. C D and A G being
in the same plane but not parallel, must intersect each other and as

AAGC= N BGC,
GB=GA.

§ 186.  As all the rays proceeding from a lighted body
would intersect only behind the plane of a perfectly polished
mirror, we would see only the images of the lighted objects but
not the mirror itself, but there is no perfectly polished surface.
A shining plane may be considered as consisting of infinite shin-
ing points. Fach of these points stirs up a whole system of
light-waves. This will cause an infinite number of waves, which
like sound-waves propagate themselves quite independent of
each other, only where they intersect one another will they
modify each other,

§ 187. An application of this is seen in the merrors, by
which our image is produced. 363. Looking-glasses are plane
mirrors. The images produced by such mirrors are only
virfual images and stand as distant behind the mirror as the
object stands before it. 364. A thick piece of glass would show
two reflecting surfaces, hence looking-glasses should be as thin as
possible, 365 ; metallic mirrors at any rate will give one image.
In the same way we see the reversed image of houses, trees etc.
standing on the border of a river from the opposite bank.
Even in the glass of a window we may see our image under
certain circumstances. 368. Perfectly smooth, polished bodies
cannot be seen, 36g—and absolutely non-reflecting bodies would
appear all equally black and could not be distinguished from
each other. Nevertheless black bodies are seen, why? Deep
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wells are black, why? A place without light looks black. Opaque
bodies produce no image, but are visible, because they reflect
part of luminous rays irregularly (another part is absorbed and
a third one reflected regularly) 367. In this case the light is
diffused or scattered. By means of a mirror objects lying in
a horizontal position give an image in a vertical position (if the
angle of incidence is 45°). 369. By two inclined mirrors the
images may be multiplied ((Kaleidoscope); if the two mirrors
.are parallel, the number of images is infinite in theory, but in
practice it is limited, because the brightness of the images
gradually decreases. 370. This phenomenon corresponds to the
echo of tones.

The spherical mivror.

§ 188. 1) Comcave mirrors. All rays falling parallel to
the axis of the mirror are reflected in such a manner, that the
reflected rays concentrate in one luminous point, called the
Locus. *The centre of that sphere of which the concave mirror
forms a part, is called the centre of curvature.

As to any other ray falling upon the mirror, the reflected ray
may be found according to the law laid down for the plane
mirror. (§ 185.) Considering the concave mirror as made up of an
infinite number of small plane mirrors the normal ray will be a
line drawn through the centre of curvature (which we may call
the principal ray), the radius standing vertically on any point
of the circumference. Hence the angle of the incident ray with
the principal ray will be equal to the angle of the reflected ray
with the principal ray. Geometrical conclusions will prove that
the focus is always in the middle of the mirror and the centre
of curvature. In this focus of course an intense heat can be



LXXVI

produced. This mirror may be used: @) asburning glass, 371;
b) also tmages may be formed in concave mirrors.

Remark. An image coming to existence by a real junction of two
rays is called a 7eal (physical) émage, if rays have only apparently a centre
of union they will produce a zirZual (geometrical) image.

An object standing more distant than the focus will produce
an inverted real picture. The more distant the body, the nearer
and smaller the image. If the object is at an infinite distance,
the image being infinitely small, will stand in the focus. The
more the object approaches towards the focus, the more the in-
verted image will draw back and increase to an infinite distance
and magnitude. In the centre of curvature the object and the
image coincide.

If the object proceeds from the focus towards the mirror, the
image behind the mirror decreases in magnitude from an infinite
magnitude to that of the object.

If the object stands between the focus and the mirror, only
a virtual enlarged image will be formed (just as in the looking-
glass). 372. These mirrors may ¢) also be used as Refectors
by placing a luminous object in their focus. 373. (The concave
mirrors in light-houses. As the rays proceeding from the focus
are reflected in parallel lines, the light can be seen at a great dis-
tance. By means of a clock-work the light and mirror turn
round a vertical axis so as to throw light over the whole surface
of the sea. Also in the lanterns of locomotives the light is
placed in the focus of a concave mirror).

§ 18g. 2) Comwvex mirrors. 1If the light is reflected by
the external side of a spherical mirror, we have a convex mirror
before us. The magnitude and the place of the image are con-
structed in the same manner as with the concave mirror. If the
object from an infinite distance approaches towards the mirror,
the image proceeds from the wirfual (negative) focues (the point
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half a radius distant behind the mirror) towards the mirror,
its magnitude increasing from infinity to the magnitude of the
object. The image is always a virtual one.

D. Dioptrics.

§ 190. Refraction of light. When a ray of light passes
obliquely from one translucent medium into another (/. e.
from air into water), it is deflected from its straightline, and this
is called refraction. The original direction of the ray is called
the #mcident 7ay, the continuation in the new medium the
refracted ray. A perpendicular line drawn at the point of
incidence is called the 7ormal or perpendicular and produces
an angle of incidence and an angle of refraction. Of course
a perpendicular ray is not refracted at all (it may be called the
principal ray).

§ 191. In general we may say, that the angle of the ray
of light with the normal line in a thin medium is greater than
in a dense medium, but there are exceptions to this rule. In one
and the same medium a ray of light is always refracted in the
same manner, the ratio from air to glassis 3: 2, from air to
water 4: 3, this means the angle of incidence for a ray passing
from air into glass is 1 times as great as its angle of refraction.
(Snellius, a Dutchman discovered this law in 1625.)

§ 192. Applications are: A clear river, the bottom of which
we can see seems to be less deep than it really is. 374. We also
see fishes not in their proper place; a stick placed in water
appears broken. 375. We see the rising sun and stars a little
before they are above the horizon. 376. If we place a cube of
glass upon a written paper, the writing seems to be raised.

§ 193. If a body passes from water into air, the angle of
refraction is greater than that of incidence and as the angle of
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incidence increases (by letting fall its ray more obliquely) the
angle of refraction does so too. Hence before the ray of inci-
dence falls parallel to the surface of the water, the ray of re-
fraction (its angle being greater) must immerse in the water and
because now both rays are within the water 7efraction is chang-
ed info reflection.  As soon as the ray of refraction travels
through water, light is reflected according to the ordinary laws
of reflection. This kind of reflection is called fofal (or in-
ternal) 7¢flection, because in this case the whole of the incident
light is reflected.

§ 194. The different layers of air have a different density
especially over a very much heated soil. The least dense layers
are then the lowest and luminous rays, whilst passing through
these layers of air, the angle of incidence will more and more
increase. The total reflection of the rays, which must take place
at the beginning, finally will become refraction (the incident
angle having become small enough) and the object will be seen
in the continuation of the final direction of the ray reaching our
eye, which means: we see it as if below the ground or as if in
the atmosphere. An inverted image @bove the objects will
appear, if the upper layers of the air are thinner than the lower
ones, otherwise the image will be éelow the subjects. In this
case the rays of light passing through layers of less density, the
angle of refraction will increase to such a degree that ultimately
refraction will succeed to internal reflection. This phenomenon
is called #mtrage (thus a tranquil lake, trees and villages may
be seen in a desert). Similar images are produced on the sea.
But these occur only if the temperature of the air is higher than
that of the sea, hence the layers below are denser. This
phenomenon we call Fafa morgana. By the unequal density
of the different layers of the air also the following is caused;
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substances above a heated roof seem to tremble, 377; the fixed
stars glitter. 378.

Refraction through glasses.

§ 195. When light passes through a medium with Zfwo
Pplane parallel surfaces, the ray will be refracted twice in the
same proportion, thus no deviation will take place (the glass
panes in our windows). 379. As the object is brought nearer
to the eye it seems to be enlarged.

§ 196. When a ray passes through a Zrzsm it will be de-
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flected twice towards the base of the prism; but as we see the
image in the direction of the ray at the moment it enters the
eye, the object seen through a prism appears deflected towards
the summit (the edge opposite the base). 380.

§ 197. A disc of glass bounded by two curved surfaces is
called a Zens. The two chief kinds of lenses are: the double con-
vex lens (both surfaces convex) and the double concave lens
(both surfaces concave). Zhe path of rays in double convex
lenses may be easily understood, for it may be deduced from
that through a prism (the surface of a lens may be supposed
as being formed by an infinite number of small-plane surfaces).
A double convex lens is the portion common to two balls which
jntersect each other; the centres of these two balls are the centres
of curvature of the lens; the centre of the lens itself is the
optical centre and a ray passing through this centre is not re-
fracted at all, because it would be the same as if a ray traverses
a glass with parallel faces. Luminous rays parallel to the axis,
after having traversed this lens, unite in a single point, called
the principal focus. As great heat can be produced in this
point, the double convex lens (like the concave mirror) may also
be used as a burning glass or as a reflector in lanterns and light-
houses. 381.

§198. As to the smages produced by this lens we may
say in short: when the object stands outside the principal focus
a real image is formed, which is the smaller the more distant
the object is. When the object is between the lens and the
focus only a -virtual (as in the looking-glass) multiplied image
will be produced behind the object. 382.

§ 199. A double concave lens is the place between two
balls almost neighbouring each other; the same centres and foci
may be distinguished as in the double convex lens. This lens
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can produce only virtual erect images, which are nearer and
smaller than the object. 383.

Remark. By the convex lens a convergence of the rays, by the con-
«cave lens a divergence of the rays will be caused.

E. Optical instruments.

Besides burning-glasses and double convex lenses used for
reading we name the following:

§ 200. 1) Camera obscura (dark room), by which all ob-
Jects which can reach the hole of a dark shutter are depicted on
the oposite screen (invented by Porta 1650). By fixing a con-
vex lens in the orifice and placing a white screen in its focus the
image becomes brighter and more definite. 384. This camera
-©obscura may be used in drawing by tracing with a pencil on a
thin paper laid upon the screen the outlines of the image. The
most important application of this camera obscura we see in

§ 201. 2) Photography (see No. 83), which is the art to
fix the images produced by the camera obscura on substances
sensitive to light. Different substances have been used for this, but
the problem was only solved in an efficient manner by Daguerre
_inthe year 1839. At firstthe photograph was taken on metal plates
which are not in use now, glass and paper having taken their
place. Also the chemical substances employed for this purpose
were infinitely changed and the beauty and perfection of the
present results we chiefly owe to the improvements of Zalbof
-and Archer.  The method somewhat complicated for people
mot acquainted with Chemistry is in short this. The camera
.obscura of photographers consists of a wooden box, one part
©of which is fixed, while the other one can be pushed in or out
like a drawer. In the tube fixed in front of the box are
«<ontained one or two convex lenses, which can be moved
backwards and forwards by means of a cock-work until the

F
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No. XXVIII.

image of a person is formed in the proper position on the glass.
Before the portrait is taken a glass plate is coated with a thin
layer of Collodion and immersed in a solution of nitrate of silver
in a dark room, and the plate is inserted in the camera obscura.
The action of light upon this Iodide of silver causes a decom~-
position, in virtue of which those parts exposed most to the
light are dark and vice versi. This portrait is called the
negative. 'To render the plate insensitive to light and to pro-
tect it from injury, those parts of Iodide of silver, on
which light has not yet acted, are removed and the plate is dried
up. For producing the positive picture the plate is laid on a
sheet of paper impregnated with Iodide of silver and the whole
is exposed to the action of light for a certain time. The light -
parts of the negative being most affected and the dark parts
least so, a copy will be obtained on which the lights of negative
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are replaced by shades and inversely.  The unaffected Iodide
having been removed from the positive picture (else the whole
picture would become black when exposed to the action of light)
the operation of photographing is complete. Whether it will
be ever possible to fix also the various colours of objects and to
point with light just as we now draw with it, is a question dif-
ficult to decide. What we want for that, would be a substance
susceptible in such a manner as to re-produce the colours
of the sun’s spectrum (see § 224). We do not say that this is
impossible.

§ 202. 3) Lanterna magica, Magic Lantern (invented
by the German Jesuit Kischner) projects ona wall in a dark room
a magnified image of a small object painted on glass. The rays
of a lamp standing in the focus of a concave mirror are con-
tracted by a lens upon the object, a magnified real image of
which is produced on the wall. 394.

§ 203. 4) Zelescopes. As to the general construction of
these instruments, used for the observation of distant objects,
there are two lenses in it: one called #4e 0bjective for concen-
trating the light from the object in a focus and the other Z%e
eyepicce (ocular), which is near the eye for magnifying. The
invention was quite an accidental one.

§ 204. There are the following kinds: 1) Z%e Astronomical
lelescope (invented by Kepler 1630) which gives inverted
images (does not matter for the observation of stars). By put-
ting a third lens between the objective and ocular we see the
objects in their proper position, and this instrument is called
“Terrestrial Telescope”.  2) Galileo's Telescope, in which the
object-glass is a double convex and the ocular a double concave
lens (opera-glasses constructed on this principle). It is used
only for a small field of view. 3) Refecting Telescope (or

¥
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catoptric telescope), the image produced by a concave mirror
placed at the end of a long wooden tube, is caught by a plane
mirror or unrefracting prism and directed either in front of a
tube, containing a series of magnifying glasses, on the side of
the large tube (Newton, Earl of Rosse) or it is beheld by an
ocular near the front of the telescope (Gregory, Herschel). 393.

§ 205. 5) Microscopes for observing objects too small to
be seen by the naked eye. The simplest kind is nothing but a
double-convex lens and the object is put between the lens and
its principal focus (see § 197. 198).

§ 206. The Compound Microscope consists of a small ob-
jective at the bottom of the tube, below which the object is laid
and an eyepiece at the top. The image already magnified by
the first lens is magnified again by the second. To increase
the power of this instrument two or three object-glasses and
oculars may be applied and thus the magnifying power may be
carried to 1801 times. To increase illumination a concave mir-

ror below (see No. 101) (&), or if the objectis an opaque body a
condensing lens () above is in use. 392.
§ 207. The Solar Microscope consists of a double convex
No. XXIX.

/ n
lens (/) with a small focal distance (the distance between the
focus and the mirror), which produces of the small object (%)
placed outside of the focal distance a magnified real image (0-9)
on the white wall in a dark room (#-72). But as the rays of
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light proceeding from the little object are spread over a large
place, it is necessary to throw as much light as possible upon the
object, else the image will be indistinct. This will be done by
one or more double convex lenses (/~¢), which concentrate the
sun’s light received and reflected by a plane-mirror (#-6) upon
the object. This instrument was invented by Lieberkihn 17 38.
Instead of the sun’s light Drummond’s Hydrogen-Oxygen flame
(Hydro-Oxygen Microscope) or electric light (FPloto-electric
Microscope) may also be used (see § 286).

Remark. The use of this instrument for discoveries in the vege-
table and animal kingdom is very well known; it has opened new worlds
and has exhibited in many ways the infinite perfection of God’s works
in nature. But the most admirable optical instrument has not been
wrought by men, but comes from God’s hands, this is the eye.

§ 208. 6) 7%z Eye. About the structure of the eyeand the
mechanism of vision see 388. The Shori-sighted (myopic)
are those who see only at shorter distances, they use double-
concave lenses. 391. Long-sight (presbytia) due to the flat-
tening of the crystalline lens; in this case double-convex lenses
are necessary. 3QO.

§ 209. The c¢rystalline lens and the cormea act as two
convex lenses and produce an image on the #¢fz#2a. The crys-
talline lens of a fish is almost spherical, because the refraction
of a ray of light passing from water into the eye is less than that
of a ray passing from the air into the eye! If we want to see
properly in water, we have recourse to a convex lens. Why is
the chorotd (the membrane behind the retina) black? Albinos
are wanting this black colour, what is the consequence of this?
When we pass from a dark room into a bright one or in the re-
versed case, we see almost nothing in the first moment, why?
In general only young people are short-sichted and only old
people long-sighted, why?
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§ 210. Although objects standing at various distances must
produce images appearing at various distances behind the crys-
talline lens, in a good eye we always see the image falling upon
the retina; hence the eye must have the capacity to change the
convexity of the crystalline lens, which faculty is called the
power of accommodation. 388.

§ 211. The sensation of light must last for some time, else
it will not be felt; f.¢., we cannot see the bullet fired from a
cannon. 387.

§ 212. On the other hand we experience the sensation of
light also some time after the impression has been made; Soeg
a glowing coal rapidly turned round produces a circle of light,
the wheel of a carriage rapidly turned round, we cannot see the
spokes (the space seems to be filled with a half transparent
matter); looking for some minutes at the sun whilst setting and
then turning away our eyes, we see for some time several discs
of the sun—why several? 387.

§ 213. The sensation of light is felt not only on that part
of the retina, which was struck directly by the light, but also on
the surrounding parts; this is called Irradiation; f.e., the cres-
cent seems to belong to a larger circle than the ashen-hued not
illuminated portion of the moon’s disc.  Bright stars appear
much larger than they really are.

§ 214. That part, in which the 0p/ic nerve enters the eye
is unsusceptible to light (punctum coecum).

§ 215. The membraneous cataract is a darkening of the
crystalline lens, amaurosis is a hebetation of the optic nerve; the
first disease may be cured by removing or lowering the lens,
the second is incurable. Although the lens has been removed,
people can see, why? but they are long-sighted, why ?

§ 216, As to the mechanism of vision, vision is a sensation
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caused upon the optic nerve by the image thrown upon the retina.
But this sensation will not tell us, by what object it was caused;
which object corresponds with this visual sensation, we know
only by a previous information, received through the sense of pal-
pation (inclination of children to touch everything). Hence vision
is not a mere sensation, it is also the passing of a judgment!
(The same takes place with respect to all perceptions through
.our senses.) A blind man, very well acquainted with the objects
around him, when restored to sight, would not know them by
means of his eyes. But more conclusions are necessary for
gaining the proper perception through a visual sensation: also
the magnitude and distance of an object we determine by in-
ference. As to the magnitude of a body, we turn our eyes from
.one extreme point to the other. The angle, which our eye thus
describes is called wzsual (optic) angle. 385. After much
.experience we make the conclusion, that the greater the angle,
which our eye describes, the greater the object. Farther we
know, that the visual angle for one and the same object is not
always the same, but increases or decreases according to the
visual distance; also this and the magnitude of neighbouring
known objects is taken into consideration for determining the
magnitude of the object in question (the two lines of an alley
and of a railway seem to converge; a horizontal plane rises;

No. XXX,
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a small spot on the nose seems to be so large). With respect
to the distance we conclude: the more distinct and the larger
an object the nearer it is, and the more objects between us and
the object in view the more distant it is. Also the angle form-
ed by the axis of our eyes, whilst fixed upon an object, is taken
into consideration. No. XXX. (A village seems to be nearer, when
the fields are covered with snow; it is easier to throw a stone
over a field than over a river of the same breadth; the peaks
of a mountain-range seem to be at the same distance; the
sun and the moon seem to be larger whilst rising and setting.)

Bemark. 1. A great many optical deceptions prove, that the concep-
tion, which our mind forms ofthe things looked at, and these things them-
selves are not congruous with each other. Take a dose of santonine and
everything looks yellow, as this substance colours the serum of our blood,
also that contained in the retina. 386.

Remark. 2. That the process of seeing is assisted and influenced by
man’s reason, may also be proved by the fact, that animals, although their
visual sense is sharper than that of man, see not as well as he, f.e., if the
hunter stands quiet, the game will look at him but not recognise him (what
is the truth and error in saying: “Nihil est intellectu, quod non antea
fuit in sensu’’?). After having seen, that this our eye is the most perfect
optical instrument, are we not right in saying, that the opinion, which
regards this most wonderful work as either the product of dead matter or
of a blind chance, is simply absurd! “He that formed the eye, shall he
not scer”’ ;

§ 217. Although we have twoeyes we fix them on the same
object (Binocular vision). 389. It hasnot yet been satisfactorily
explained, why we see objects not reversed although an inverted
image is formed on the retina. Habit, the regular education of
the eye, correction by other senses and other suggestions will
not do. Miiller and Volkmann contend, that as terms of com-
parison cannot be applied (everything being inverted), nothing
will appear inverted!

§ 218. 1) The Stereoscope. The two images on the retina of
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ourtwo eyes are not just the same, as each of them corresponds
to a different point of view. By uniting these two images in one
we are able to appreciate not only the surface, but also the shape,
distance and corporality (sensation of relief) of an object and
so the impression will be correct. We make two drawings of
the same object, one as seen with the right and the other as seen
with the left eye. Then the two drawings are made to coincide
by means of alens, in giving the raysof light the same direction
as if converging from one object. If one eye looks through
such a lens an impression will be caused, as if we had seen the
object itself. This instrument is called Stereoscope, and was
invented by Sir C. Wheatstone (1838) and improved by Sir D.
Brewster. By the stereoscope genuine bank-notes may be very
easily distinguished from forged ones.

F. Polarization.
§ 219. If aray of light falls upon a mirror and we turn
No. XXXI. this mirror in such a manner that
y____’_ the ray and the mirror form the
same angle with each other, the ray
will be reflected equally well in all
positions of the mirror. But if

the reflected ray is caused to be
reflected again by a second mir-

\ ror and this second mirror is turned
e in the same manner as the first one,
0 the second reflected ray will appear

first clearer, then darker, then not at
all. If the two mirrors are parallel,
it will be reflected best, if they stand at right angles, worst. This
change is called polarizalion ; and the light reflected a second
time we call polarized light. Polarization was discovered by
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Malus in France 1808. Polarization may be caused by refrac-
tion as well as by reflection. The light of the sun and of the
fixed stars is unpolarized light, that of comets, planets and the
moon is polarized.

G. Chemical effects of Light.

§ 220 According to the nature of bodies, light either
decomposes or composes them; f. €. mercury red oxide by
the agency of light is decomposed into mercury and oxygen;
fats and oils under the influence of light unite with the oxygen
of the air and form sebacic acids (froughy butter). Light
changes and increases the chemical affinity of a great many
substances, thus furthering the chemical exchange of matter
in vegetable life.

§ 221. The green parts of plants by the assistance of light
very easily decompose carbonic acid (green leaves with carbonic
water under a bell-jar, exposed to the light), /. § 95 and Q. 223.
The richest vegetable growth we find, where the sun’s light acts
the strongest. Shadows prolong the decomposition of carbonic
acid and the separating of oxygen in plants.

§ 222. If one part of chlorate and one part of hydrogen
gas are mixed in the dark, they remain a mechanical mixture;
as soon as one direct ray of light falls into the mixture, the gases
unite chemically causing a vehement explosion. That the chemi-
cal effects of light may be even preserved, the art of Photogra-
phy proves. (See § 201.)
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CRAP TER XL

H.  Decomposition of Light or Colowr.

395-411.

§ 223. 1) The semsation of different colours is produc-
ed by a different number of vibrations performed by the mole-
cules of ether. 395.

Remark. Fresnel determined the length of the light-waves and the

number of their vibrations as follows:

Length of the waves Number of vibrations

violet  0.000423 759  Billions.
indigo 0.000449 671 5
blue 0.00047 5 626 m
green  0.000512 579 4
yellow o0.000571 539 5
orange 0.000583 517 ;
red 0.000620 478 o

§ 224. White light in passing through prisms or lenses
(from one medium into another) is decomposed into seven dif-
Jerenl kinds of light or colours (violet, indigo, blue, green,

* yellow, orange, red). 396. (This decomposition of the sun’s
light is called Specfrumz). The refraction of these different
colours is different; violet shows the strongest, red the least
refraction. As we have seen in No. 103, the image of the sun
is no longer a circularity, but a figure, limited on both sides by
straight lines and above and below by a circular arc. Hence the
sun’s spectrum consists of infinite coloured circles, which cover
each other and the colours of which gradually succeed each other.
§ 225. The seven colours of the spectrum are simple, which
means each of them is indecomposable. By combining the
seven different pencils of one ray by the prism whife light can
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be reproduced. 396. Newton made a disc, the centre and the
edges of which are covered with black paper, the space between
consists of papers of the colours of the spectrum. When this
disc is rapidly rotated it appears white. Also the luminous
power of the various spectral rays differs, the yellow and green
being the most powerful rays. If the spectrum is caught up by
a screen with a hole in the middle in such a manner that only
green or red or blue rays can pass through the hole and these
rays fall upon a second prism, they will not be decomposed
again, thus proving that the colours of the spectrum are single
and are not a mixture of other colours.

§ 226. In the middle of the spectrum a great number of
dark lines have been discovered, Fraunhofer, a German optician,
described them first,and so they are called Fraunhofer’s lines.
In the case of the sun’s light these lines are always fixed and
definite, in flames containing chemical substances these lines
replaced by shining lines differ. By Kirchhoff and Bunsen this
fact was made a basis for detecting minute portions of any
substance, in observing that salts contained in the flame of metals
produce always lines identical in colour and position. The
method, according to which chemical substances are detected by
means of these lines and the colours of the spectrum, is called
the spectrum analysis, the instrument used for such investi-
gations is known as Spectroscope. By this method some quite
new substances (Calsium, Rubidium, Thallium, Indium) have
been discovered. The difficulty to avoid the lines produced by
Sodium, f.e., shows that Sodium is contained almost in every-
thing.  For vapourizing the different alkalies and metals
electric sparks are applied. It is very likely, that Fraun-
hofer’s lines are caused by various metallic vapours contained
in the sun’s atmosphere, these vapours absorb the rays of cer-
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tain tones of colour (see § 231, Remark) more than they reflect
* them. If this is the case the Spectroscope will show us, which
of our metals are contained as vapours in the sun’s atmosphere.

Remark. TFor optical instruments this decomposition of light would be
very inconvenient, hence it was a great improvement, when Dolland in the
year 1757 combined two lenses: one of crown glass, the other of fint
glass (containing much lead and having a stronger dispersive power) in
such a way that they compensate each other as regards coloration. Such
lenses are called achromatic lenses. 397

§ 227. 2) As to the colour of bodies it is Newton’s theory,
that bodies are not coloured at all, but that they have the proper-
ty to decompose the white sun-light, absorb most of the rays and
reflect only those rays, the colour of which they seem to have.
So, /. e.,green leaves have the property to reflect green rays more
than any other colour. 402. White bodies reflect all rays and
black none. 403. (So white and black colours are no colours
at all) Green and blue are but with great difficulty distin-
guished in the light of a lamp. 404.

§ 228. The colours needed to complete the sensation of
white light are called complementary colours. They are: green
and red, orange and blue, indigo and yellow, etc. After
having looked at the setting sun we see a green disc upon a
white wall, because a mixture of the rays without red produces
green. 405. If we look for some time upon a sheet of common
red blotting paper on the ground and then upon the plank near
it, we shall see a corresponding green space. By the conjoint
light of the moon and of the light of a candle a body throws a
blue shadow upon a sheet of white paper. Snow exposed to the
sun’s light on a clear day looks yellowish; if in the shade bluish.
We see that colours do not always correspond with the real con-
dition of the object, but may be only subjective colours.
Any excessive irritation of our optical organ by one colour
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makes for some time the eye insusceptible to this colour and
the complementary colour takes its place. All this shows that
colour is not an essential property of the objects themselves,
but the product of a peculiar sensation caused by the irritation
of our optical organ. Hence even without light by a mere agi-
tation of the visual nerve the sensation of colours may be pro-
duced (by a thrust against our eye, by an electric stream).

§ 229. The Jesuit Grimaldi discovered in the 17th century,
that rays passing through a small aperture in a dark room, the
spot light shines upon, is larger than we would have expected
from the rays coming in. This proves that light, in passing the
edges of opaque bodies is turned off and diverges. This turn-
ing off is called the /nflexton of light. 408. The edges of the
spot lighted upon are in general coloured.

§ 230. The phenomena of /nferference (see § 118) may
be accompanied by beautiful colours. If rays of light fall upon
thin leaves of a transparent body, it may be, that light reflected
by the front-side of the leaf will interfere with such light which
after having been reflected by the back-side of the leaf and twice
refracted comes back again. By this inflexion and interference
the splendour of the mother of pearl, 409; and the beautiful
colours of soap-bubbles, 410, are produced. Also the colours
of an old window-glass and of stagnant waters may be explain-
ed this way.

§ 231, Fluorescence. In § 223 we said that the distinc-
tion of different colours is due to the different length of the
light-waves just as different tones come to existence by different
lengths of the sound-waves. And in the same manner, in which
we can only perceive sound-waves within a certain limit (see §
108-110), so also the sound-waves can be observed only if they
are not too long or too short. The rays longer than those which
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produce red colour and rays shorter than such, which are seen
in the violet colour cannot be observed, and are called dark 7ays
of light. Of the existence of such rays, we know by the thermal
and chemical effects of light. Heat increases from violet to-
wards red and is the strongest beyond red, where we see noth-
“ing. The chemical effects are in blue and violet stronger than
in other colours and strongest beyond the violet colour. This
shows, that on both sides of the spectrum there exist rays of
light, which we cannot observe. The longest light-waves (red)
are refracted least, the shortest (violet) strongest. Some kinds
of fluor-spar (fluor-calcium) show a peculiar shining splendour,
which is called fluorescence. Phosphate of uranium, petroleum,
sulphate of quinine, a solution of spirit of wine and cloro-
phyle etc. show the same property. What is most striking
in the matter is the fact, that these bodies show colours which
are not contained in the light falling upon them, hence it seems
as if these substances were capable of changing the colours, which
means they change the refraction of the rays and the lengths of
the waves of light, so that dark rays of light are rendered visible.
If we make rays of light collected by a lens pass through a so-
lution of copper, which allows only &/ue rays to pass through,
a green-coloured cone will be seen in phosphate of uranium.
§ 232. Optical phenomena in the atmosphere.

1) The blue colour of the sky. 406. The atmosphere is
not perfectly transparent and reflects especially blue light (else
the sky would be black. Aeronauts). Vapours make its colour
whiter, hence in winter paler than in summer; in the southern
hemisphere bluer, why ?

2) Morning red and evening red, 407, due to the va-
pours which in their liquifying state reflect orange rays (vapour
streaming forth from a locomotive).
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3) Morning twilight and evening twilight. The sun
shines before rising or after having set down the vapours con-
tained in the air, and these reflect the light, Near the equator
almost no twilight, during summer in Europe almost through the.
whole night, why?

4) The Rainbow, 398-401, is seen, if a raining cloud be-
fore us and the sun behind us. In which case will it be a circle
or a semicircle? The rays of the sun are refracted in entering
the drops, reflected on the backside and refracted again when
going out. As the drops stand at different heights according
to the different magnitude of the angle of refraction, all the
colours of the spectrum will be seen. By second reflection inside
of the drops a secondary rainbow with reversed colours will
be caused.

5) The Halo is considered to be a phenomenon of inter-
ference, produced by ice-crystals, driving in the air.

Remark. In many instances we have seen a wonderful harmony bet-
ween the laws and phenomena of sound and those of light. As to the
colours we may say, they are the tones of light, tones produced by vibra-
tions of an extraordinary velocity (see § 223). Sound-waves and light-
waves show an admirable proportionality. The numbers of oscillation
for the seven colours of the spectrum are in a similar relation to each
other as the numbers of oscillation producing the tones of the musical
octave. Also the laws about the intensity of light and of sound are ana-
logous. As to tones we know eight musical octaves, in the spectrum we
have only one octave of light, but in § 231 we have seen, that the world
of light hides riches our senses have not yet taken possession of.
On a higher stage of spiritual life they may be unveiled and rendered
-accessible!
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CHAPT.ER . XIIL
Magnetism.

411-417.

§ 233. Deginition. Natural and artificial magnets.
The two poles. 411. Besides the two ends of a magnet where
attraction is most powerful, there is a line in the middle from
which magnetism is distributed, which is called the zeutral line
and which shows no attraction at all.

Remark. Plato and Pythagoras had discovered the magnetical power
or the property in some bodies to attract iron. Magnets attract iron,
even if other bodies are in the middle. (Put iron filings on paper or on
a book and hold the magnet on the other side.)

§ 234. If free motion is given to a magnet, one pole turns
to the north, the other one to the south.

§ 235. Poles of contrary name attract each other, and poles
of the same name repel each other, if the contrary magnetism is
of the same strength they neutralize each other (law of Polarity).

§ 236. Magnetism is inversely as the square of the distance
(¢/- sound, light); the strength can be estimated by the oscilla-
tions of a magnet, which we have diverted from its normal
direction.

§ 237. Influence of magnets wpon magnetic substances.
412. Magnetic bodies are such bodies in which both kinds
of magnetism are present, but check or bind each other thus
producing a neutral state. In magnets the two kinds of
magnetism are separated in each molecule and each produces
a separate effect, hence a magnet broken in the midst gives two
whole ones. 41 3.

§ 238. Magnelisation by magnels consists in moving the
north-pole of a powerful magnet from the middle of the steel
G
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bar to be magnetised to its one end, and the southpole from the
middle to the other end of the steel bar. The rubbing can take
place either separately or simultaneously, 444 ; for magnetisa-
tion steel is far better than tempered iron, although steel acquires
magnetic properties very slowly, and soft iron may be magne-
tised instantaneously.

§ 239. The strength of the new magnet depends

@) upon the strength of the magnet, producing magnetism
) upon the quantity and
¢) the quality of steel, which is magnetised.

Iron is magnetised only by a vertical position.

By heating magnetic power is weakened and by blood-red-
heat it will even be destroyed; moisture and agitation likewise
are weakening.

§ 240. A magnet loses nothing of its strength by impart-
ing magnetism to iron. This is sufficient proof, that each mole-
cule of iron is a magnet, but that in unmagnetic iron the mole-
cular magnets are disarranged.

§ 241. DIf a system of bars is joined together, the magnetic
power is increased. ~Such a magnet, having in general the form
of a horse-shoe, is called a magnetic battery or magazine,
This force like other forces wants occupation, else it will decrease,
and so the battery is provided with the so-called armature or
keeper (a piece of iron placed in contact with both poles of the
battery which prevents the recomposition of the two mag-
netisms). 415.

§ 242. The Earth itself is a great magnet, and influences
magnetism and this is the cause of the magnetism frequently
observed in steel and iron-utensils (so in tools and iron-turn-
ings). 417.

§ 243. The force in a magnetic body which at first resists
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the separation of the two magnetisms and afterwards their recom-
position is called the coercive force (thus the coercive force in
steel is greater than in soft iron. 414).

§ 244. 2) Asto the earth’s magnetic action we see that a
magnetised needle placed on a pivot sets itself in a position
more or less north and south. Thus we distinguish between
magnetic poles and magnetic meridians of the earth, which
do not coincide with the geographical poles and meridians.
The magnetic southern pole of the earth is in the north and
the northern pole in the south of the earth. Magnetic meridian
we call the plane laid through the direction of the magnetic
needle and the centre of the earth.

§ 245. The difference in any place between the direction
of the magnetic needle and the geographical meridian is called
the declination of that place. Places on which the magnetic
needle shows the same declination may be pointed out and con-
nected by lines on a map; such lines are called 7sogonic lines,
The magnetic needle was known as early as the 13th century,
the first maps showing its declination were drawn by Halley
(1683).

§ 246. The mariner’s compass consists of a star or 7ote
drawn on a paper for pointing out the different directions and
a magnetic needle resting on a steel pivet in the centre of the
rote. By means of this instrument the declination of a place,
if the meridian is known, may be easily determined, or, if the
declination is known, the meridian may be found out.

§ 247. There are also compasses to show the magnetic in-
clination or dip (/nclination compass) of the earth, that means:
they show the different strength of the earth’s magnetism, or the
digression of the magnetic needle from the horizontal direction.
As this power increases, the more we proceed either to the

G
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magnetic north or south of the earth, the magnetic inclination
shows how far a place is from the magnetic poles. All places,
on which the needle stands horizontally (the neutral line of the
earth as a magnet) form the #agnetic equator and lines con-
necting places in which the dipping needle makes equal angles
with the respective magnetic meridian are called #soclz72i¢ lines.

At the magnetic poles the dipping needle stands vertical.

Remark. 1t is generally supposed that Robert Norman (1576) dis-
covered inclination; but 33 years before him George Hartmann, a curate
in Nirnberg, was acquainted with it. He also discovered the law, that
poles of the same name repel and poles of contrary names attract each
other.

§ 248. The magnetic north-pole was found by Sir James
Ross in 96° 43" west longitude and 76° northern latitude; of
the southern we only know, that it is about 154° east longitude
and 751° south latitude.

§ 249. Inclination as well as declination is subject to
variations. In London and Berlin both are continually de-
creasing. 416. Besides this secular variations, there are annual
and diurnal variations, and calling all this regular variations,
we may observe also extraordinary variations, caused by the
Aurora borealis, earth-quakes and volcanic erruptions.

§ 250. It is supposed that all these phenomena are caused
by two magnelic fluids, which before magnetisation mutually
neutralize each other and separated by a stronger force each of
them repels itself and attracts the other. One is called the
north or boreal (positive) fluid, the other the south or austral
(negative) fluid.  Of course this is only a hypothesis, and as
the chapter on electricity will show, a very doubtful one. The
most powerful means of imparting magnetism is:
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CHAPTER XIV.

Electricity.

418-447.

§ 251. 1) The nature of electricity. 418. 1If we rub a
glass-rod with a piece of flannel, we see the following phe-
nomena :

@) Light substances are first attracted and then repelled
again.

) A peculiar smell is experienced.

¢) If the finger is brought near, a crackling sound will be
heard and a spark leaps over. The force by which these phe-
nomena are caused, is called electricity (known to the Greeks
by rubbing amber).

§ 252. Conductors (metals) and non-conductors (glass,
sealing-wax). Good conductors, if touched by an electric body
have the electricity spread over their entire surface; if touched
again, they lose in the same manner all their electricity. Non-
conductors receive electricity only at the spot they are touched
and lose it only there, if touched again. The human body is a
good conductor, dry wood and other bodies are Semzi-conductors.
To separate a good conductor from other good conductors,
means to #zsulale it. The difference between good and non-
conductors was discovered by Gray in 1729.

§ 253. Sources of electricity are: @) mechanical ones,
especially friction. 418. &) chemical sources by composition
or decomposition of bodies. Thus different metals by being
connected with each other or placed in acids produce the electric
current. 419. Distinction of two kinds of electricity: vitreous
electricity (positive), produced by friction of glass; and 7esinous
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electricity (negative), by the friction of resin or shellac. 418.
Just so in electricity caused by a chemical process we distin-
guish a positive current (f.e. from copper to zinc) from a
negative current (from zinc to copper). 419.

§ 254. 2) Laws of electrical attraction and repulsion
(or law of Polarity), Bodies charged with opposite electrici-
ties attract each other. Slight particles are attracted by a glass
rod or a stick of sealing wax, rubbed with a piece of flannel.
420. A pith ball touched by an electrified glass rod will be
attracted by a stick of sealing-wax and repelled by the glass
rod, which shows that bodies charged with the same electricity
repel each other. 415.

§ 255. Formerly physicists called positive electricity glass-
electricity and the negative resin-electricity. These denomina-
tions being unscientific were dispensed with, for by different
cushions in one and the same body both kinds of electricity
may be produced : /. ¢. sealing wax, if rubbed with wool shows
negative electricity, if rubbed with brass or gold, positive; glass,
if rubbed with cotton, positive, if rubbed with the skin of a cat,
negative electricity.

§ 256. The force by which an electric body attracts or
repels another is called the Zension of electricity, and the
space in which this attraction and repulsion are experienced we
call the electric atmosphere.

Remark. This Tension means something similar to the tension of
vapours, where the word is used to indicate the power, with which the
molecules repel each other.

§ 257. Badconductors may be used as Insulalors,because
they do not lead electricity to the earth “a common reservory”’

of electricity.
Remark. Good insulators are: air, dry gases, dry paper, silk, diamond
and precious stones, caoutchouc, glass, sulphur, resins; conductors are:
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metals, graphite, acids, water, snow, vegetables, animals. This explains
the attraction and repulsion in the cases mentioned in questions 421-424.

§ 258. The difference between both kinds of electricity
may even be rendered visible. On two places of a very smooth
cake of resin we cause to strike a positive and a negative spark,
powder those spots with semen lycopodii, and we shall see that
the positive spark will produce a radiant, the negative spark a
roundish figure. They are called Lichtenberg’s Figures.

§ 259. The way in which electricity is developed in bodies
by friction is this: when the bodies are rubbed together electri-
city being present in all bodies (just as magnetism in magnetic
bodies) in a neutral state, this electricity is decomposed and in
both bodies (in the glass rod or the stick of sealing-wax and in
the flannel) the two electricities are developed: one body takes
the positive electricity (if a glass rod is used, this rod, if sealing-
wax is applied, the flannel), the other one the negative (in the
first case the flannel, in the second case the stick of sealing-
wax). 425.

§ 260. Electricity accumulates especially on the surfaces
of bodies and tends to pass over to adjacent bodies, this Ze7z-
sion (see § 256) of electricity increases with the quantity of
electricity., If the power is not too strong, the resistance of air,
especially of @7y and dense arr may balance it; if this resis-
tance is overcome, electricity springs off with a crackling sound
and in the form of a bright spark (in doing so electric tension
will be neutralized). 426.

§ 261. Tension will be the stronger the drier and denser
the air is. In a vacuum the compensation of both electricities
takes place at a great distance, accompanied by a beautiful
luminous phenomenon.

The greater tension the greater the spark or the guantily
of electricity.
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§ 262, Also the form of @ body influences the way in
which electricity is distributed. If the body has a spherical
form, electricity is equally charged all over the surface; in elon-
gated bodies it accumulates towards the points, and here of
course tension is increased. About the power of poinits see:
432.

§ 263. The influence of an electrified body upon neutral
bodies exerted through air or other insulating bodies is called
electrification by induction. In this respect again the same
may be observed, what we have met with in magnetism (see
coercive force: § 243). Although good conductors may easi-
ly be electrified, it is only temporary, bad conductors are not so
easily acted upon by induction, but when once charged the
electric state is far more permanent.

§ 264. 8) The most important #72s/7uments in connection
with frictional electricity are:

@) The Electrosphorus, an instrument by which large
quantities of electricity may not only be produced but also kept
for a long time. 428. It consists of a cake of resin placed on
a metallic surface; on the cake we place a wooden disc, lined
on its under surface with tinfoil and provided with an insulat-
ed glass-handle (“the cover”). The chief exeperiments made
with the electrophorus are the following:

1) The electrophorus is insulated, the cake flapped with
a cat skin and cake as well as the form will show negative
electricity.

2) Place the coveron itand it will show negative electricity,
whilst that of the form is weakened. If the cover is removed, it
loses its electricity and that of the form is strengthened again.

3) Place the cover on it, touch the cover with the finger
and a spark will spring off ; the form shows positive electricity. If
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the cover is removed, its electricity will be positive, that of the
form negative.

4) @. Place the cover on it, touch at first with one finger
the cover and then with another one the form and a stroke will
be felt.

0. If after that the cover is removed, we get a positive
spark from it. Explain all these phenomena.

§265. &) The Electroscope, a simple instrument (invent-
ed by Volta in 17735) for ascertaining whether bodies are elec-
trified or not. 427. It consists of a glass bottle, the neck
closed by a cork; a brass rod terminating at its vpper extremity
in a knob and at the bottom of the flask in two strips of gold
leaf; of course the rod must be insulated. How can the
existence of electricity be ascertained by this instrument?

§ 266. ¢) The Electric Machine; about its form and

management see: 430. No. 107. It consists

1) of a disc or cylinder of glass.

2) Two amalgamated (1 part of tin, 1 part of zinc and 2
parts of mercury) cushions.

3) The conductor of the disc and that of the cushions (iso-
lated balls or cylinders of metal),

4) Two brass rods, provided with a series of points in the
sides opposite the glass and fixed to the conductors.

§ 267. @) The Leyden Far, an instrument for collecting
and condensing electricity. 429. This jar, discovered by Kleist
‘n Kamim and Mushenbrock in Leyden 1745, consists of a glass-
bottle, the interior part and the outside of which are coated up
to a certain distance from the neck with tinfoil; a brass rod
ending in a knob communicates with the metal inside.

It may charge itself; how? It may be discharged by touch-
ing alternately the knob and the external tinfoil; explain.
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§ 268. A great many experiments can be made by means
of the electric machine and the Leyden jar, which give us an
insight into the nature of electricity. The most important are
the following: 1) approaching our hand to the conductor of an
electric machine, the neutral electricity in our body is decom-
posed, the positive is repelled and the negative is attracted.
If the tension between the opposed electricity is sufficient, they
unite with a crack and a spark, which according to the distance
may be rectilinear or curved, or may take a zigzag shape (light-
ning). 430. 2) Sparks may be taken from the human body by
the aid of the tmsulating stool. 431. (As long as we stand
on this stool the-hair diverges.) 8) Upon the conductor of an
electric machine two little bells are suspended by small metal
chains and in the middle another one by a silk thread and con-
nected with the ground by a chain; between the 3 bells two small
hollow brass balls are suspended by silk threads. When the
machine is worked by continuous attraction and repulsion the
bells strike alternately against the two balls outside and then
against the middle bell. This is called the electrical chimes.
4) Something similar are the dancing puppets, a light figure
of pith standing between two metal discs, one being connected
with the electrical machine, the other one with the ground.
5) If the conductor of the machine is provided with a point, it
may be shown how points allow electricity to escape (a kind of
draught—the electrical aura—being caused to blow over this
point and a luminous brush appearing, if the experiment is made
in darkness), 432. 6) If on this point @ w/¢7l, consisting of
from 4 to 6 wires, terminating in points all bent in the same
direction, is put, this whirl will revolve as soon as the machine
is worked.  This is something analogous to Barker’s mill
(§ 72). ™ An eclectrical spark may also produce chemical
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action. If a spark is passed through a mixture of two parts of
hydrogen and one part of oxygen water is formed (44 3); thus if in
a little cannon put on an insulator a mixture of two parts of hy-
drogen and one part of oxygen are introduced and the cannon
is closed by a cork, by the disc of an electrophorus the two gases
may be caused to combine and their violent explosion will drive
out the cork,

§ 269. 8) The Leyden jars may be combined so as to form
an electric battery. 429. The greater the number of jars the
more powerful the effects will be. A

§ 270. The ¢ffects usually are divided into: @) physiologi-
cal, &) luminous, ¢) heating, d) mechanical, ¢) magnetic, and
/) chemical. Asto @) If the two electricities of a Leyden jar
unite through the medium of our body, a violent shock is felt in
the elbow. This shock may be given to a large number of
persons simultaneously, if they form one chain by joining hands;
little animals may be killed this way. 429. The effects under &)
have already been mentioned. ¢) The electric spark is a source
of intense heat. Coal gas may be ignited by a person on an insu-
lating stool placing one hand on the conductor of a machine and
presenting the other to the jet of gas issuing from a metallic
burner. Even a metal wire may be melted by an electrical
spark, &) As to the mechanical effects a piece of wood may be
smashed and a piece of glass or a card can be perforated by
such a spark, ¢) a steel bar or needle may be magnetised. f)
the action upon the chemical constituents of water has been al-
ready mentioned. Besides that, if electricity issues through a
series of points from the conductor of a machine, a modification
of oxygen is produced, which is called ¢2z07¢ and which is re-
cognised by a peculiar odour. Ozone may also be produced by
putting a piece of phosphorus into a little flask and pouring in
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water until half of the phosphorusis in water; the air contained
then in the flask has the smell of ozone and acts as such.

§ 271. 4 Abtmospheric electricity. By the experiments of
Franklin and Saussure it was proved that electricity is present
in the atmosphere and that lightning and thunder are the effect
of this electricity. The atmosphere always contains free elec-
tricity, generally positive, but it is found only at a certain height
above the ground. If water is caused to vaporise in a vessel,
or if vapours by cooling them down are caused to liquify, this
change of temperature combined with the friction between these
vapours and the atoms of the atmosphere produces electricity.
The vapour will show positive, the vessel negative electricity.
In a similar way a change of temperature in the atmosphere
(especially during the formation and reduction of vapours in
the clouds) may cause a separation of the electric tension bet-
ween the layers of the atmosphere and the surface of the earth.
Still the matter is not yet cleared up! If a cloud comes within
the electric atmosphere of another one not electric or less
electric, the contrary electricity is produced and a discharge takes
place, which is called lightning. If the discharge takes place
between a cloud and the ground the non-conductors interfering
will be destroyed. When the sky is clouded electricity is some-
times positive, sometimes negative, and this may change accord-
ing to the passage of clouds. Lightning and its dangerous
discharge. 433. How the zigzag of the lightning is produced
see 436.

§ 272. Also the so-called refurn-shock may prove very
dangerous and fatal. This is not due to a direct discharge of
a cloud’s electricity, but follows such a discharge. As long as
the cloud is near everything like the ground is charged with the
opposite electricity, but after the electricity of the cloud is dis-
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charged the induction ceases all of a sudden, and this rapid
change from the electric state to the neutral state produces the
return-shock.

§ 273. The thunder is not a single report (like the crackling
sound produced by the Leyden jar), but a prolonged rolling
which is due to the different distances of the various points
of the lightning, and to the manifold echoes called forth by the
thunder on account of the zigzag of the lightning.

§ 274. The lightning conductor is an application of what
we have heard about induction and the power of points (§ 262);
it prevents the accumulation of electricity on the surface of the
earth, because through the point of the iron rod electricity flows
into the atmosphere, neutralizing the electricity of an approach-
ing cloud. In case the production of electricity is too abun-
dant to be discharged by the conductor, the lightning will strike;
but then the conductor and not the house will receive the dis-
charge and the building is preserved. 434. The conductive
power of the air is different in different places. After the
lightning has struck we hear only a single thunder-clap. 435.

§ 275. Thunderstorms however are necessary and useful
revolutions in nature. Lightning on its way decomposes the
vapour contained in the atmosphere, Hydrogen and Oxygen are
liberated and unite with the Nitrogen of the air forming Ammo-
niac or Nitric acid. Hence the rain water receives its portion
of Nitrate of ammoniac, a substance highly nccessary for the
growth of plants. Maimbrai by electrifying two trees caused
them to put forth buds in a time, in which other trees lost their
leaves.

§ 276. St Elmo’s fire (a case of induction). Lightning
without thunder perhaps due to electric discharges below the
horizon, by which the clouds above the horizon are illuminated
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or due to a quiet exchange of electricities through points, see
§ 274. Aurora borealts was called by A. v. Humboldt a
“magnetic thunderstorm”, because it is his opinion, that this
phenomenon is caused by a restitution of the earth’s magnetism
after it has been disturbed (for another hypothesis see Q. 437.)

§ 277. 5) Galvante electricity (electricity due to chemical
action).  Professor Galvans discovered this second source of
electricity quite accidentally (1789). A dead frog was suspend-
ed by a hook of copper to the iron railing of a balcony. As
often as the animal’s legs came in contact with the iron bars the
frog was violently contracted. At first this electricity was as-
sumed to be an electricity inherent in the animal (see § 302)
and was called vital fluid, but Professor Folfa turned his atten-
tion from the frog to the connecting metals and assumed, that
the disengagement must be due to the contact of the two metals.
A controversy between the two professors led to the propound-
ing of the following principle: When two heterogencous sub-
stances are placed in conlact, one of them always assumes the
positive and the other the negative electrical condition.
This may be proved by putting one’s tongue between a stripe
of copper and one of zinc and placing both stripes in contact
outside the mouth. 438.

§ 278. One and the same metal connected with two other
different metals may assume positive or negative electricity.
We may arrange the metals in such a manner, that any one of
them is electrified with the preceding negatively and with the
succeeding positively, /. e. zinc, lead, tin, iron, copper, silver,
gold, platinum, coal—.

The more two of the metals in this series are distant from
each other the stronger the tension of the electricity produced
by them will be (electromotive force); their force will be equal
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to the sum of the electromotive forces of the interjected links.
But if many discs of metal are laid upon each other, the electro-
motive force of the two terminating plates is as great as if they
were laid directly upon each other.

§ 279. Volta himself proved his theory by the so-called
Voltaic pile, in which a disc of zinc, a disc of copper and a
piece of cloth moistened with acidulated water always in the
same order are laid one upon the other and finally the last disc
of copper is connected with the first disc of zinc by means of
a wire. The electricity furnished by this pile is called zollazc
electricity. 439. By this voltaic pile really the electromotive
force is increased by means of that moistened piece of cloth,
which removes impeding effects and still keeps up conduction.
Besides, this moistened piece of cloth does not only conduct
electricity, it also produces it, and zinc as well as copper are
negatively electrified. Hence by the contact of the acid with
the zinc the electricity of the pile is strengthened, by that with
the copper (which originally shows positive electricity) it is
weakened. But as the negative electricity produced by the acid
in the zinc is somewhat stronger than the electricity caused in
the copper the effect on the whole will be strengthened.

§ 280. It was finally Dr. La Rive, who showed, that in the
voltaic pile it was not the contact between two metals that pro-
duced electricity, but that it was a chemical action by which the
electrical equilibrium was disturbed. Especially chemical actions
between metals and liquids are very productive, the liquid show-
ing the positive electrical and the metal the negative electrical
condition. An electrical current is produced by immersing a
plate of zinc and a plate of copper in dilute sulphuric acid (this
is called the simple volfaic element or couple). As long as the
metals are not in contact the couple is opez, when they are con-
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nected by a conductor (wire), the couple is c/osed. The elec-
tricity flowing from copper to zinc is called the positive one, and
the end of the wire attached to the negative (copper) plate, where
positive electricity accumulates, is called the positive pole (elec-

frode), the end of the other wire is called the negative pole or
electrode. 4309.

§ 281. As to the electrictly produced by fluids, we point
out the following laws:

1) All fluids make metals electric, even pure water elec-
trifies zinc and platinum negatively.

2) They cannot be entered into the electromotive series
(§ 278). For as nitric acid electrifies zinc negatively, it should
stand in the series above zinc and should electrify copper still
more negatively; but as a fact copper shows positive electricity,
if connected with nitric acid.

§ 282. A series of voltaic elements may be arranged in
such a manner, that the zinc of one element, is connected with
the copper of another one @. $. 0. This arrangement is called a
woltate battery or galvanic battery. 439. But the currents in
these batteries rapidly diminish in intensity; hence constant
battertes, in which fluid elements are used, having been invent-
ed, they may be used for a considerable length of time.

& 283. The most effectual batteries are:

1) Dantell’s battery: the two metals are copper and amal-
gamated zinc; the liquids are a solution of sulphate of copper
and dilute sulphuric acid (or a solution of common salt).

2) Bunsen’s battery, in which are used zinc and carbon
as solid substances, nitric acid and dilute sulphuric acid as
liquids.

3) Grove's battery (Physical Primer, page 121 ff.). The
outer vessel is partly filled with dilute sulphuric acid; in this a
plate of amalgamated zinc is immersed, this plate holds a porous
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vessel, in which we pour strong nitric acid, and finally a thin
plate of platinum is immersed in the nitric acid. The positive
current passes through the liquid from the platinum to the zinc.

4) Lectanche's battery: The outer vessel contains a solu-
tion of sal-ammoniac, in which the positive metal zinc is immersed
in the porous pot inside we have a mixture of coke and peroxide
of manganese, which encloses the negative rod of carbon. This
simple and powerful battery is coming into use for telegraphs.
440.

§ 284. 6 Lffects of the electric stréam. They may be
classified just as those of the Leyden jar.

1. Physiological gfects consist of shocks and violent con-
tractions in the muscles of animal bodies which are not instan-
taneous as in the case of a Leyden jar, but succeed each other
with rapidity (on account of the'continuous flow of electricity).

In the visual nerve the sensation of light is caused, in the
gustatory nerves the sensation of taste; positive electricity ap-
plied on the tongue gives a sourish, negative an alkaline taste
(in consequence of the chemical decomposition of the saliva).
The sensation of light we may produce by holding one wire in
the moistened hand and touching with the other the wetted
forehead (see § 228, subjective phenomena of light). The
same will take place, if we apply a silver spoon to one side and
a stripe of zinc to the other side of our gum. = By the same
bodies also the sensation of taste may be caused.

11.  Physical gffects.

§ 285. a) Heating gffects: wires of lead, tin, zinc, copper,
gold, silver, iron, platinum melt and volatilize with differently
coloured sparks. Thus by a voltaic current the firing of mines,
blasting operations and the burning out of wounds may be
carried out, 441.

H
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§ 286. &) Luminous gfects. By bringing the two elec-
trodes very nearly in contact the sparks follow each other with:
such rapidity that a continuous light is produced; if two pieces
of charcoal are connected with the poles, the electric light is
most brilliant. The illuminating power of this light is equal to
that of 572 candles; even the coal-gas flame is thrown into the
shade in this light ; but if too strong, it produces pain in the eye:
and may even cause something like sun-stroke. By this power-
ful light also the Photo-electric microscope (Fig. No. XXIX) is
illuminated. The rays of the electric light pass through a
system of lenses (just as in the solar microscope, see § 207) and
an extremely magnified image, even of the smallest object (the
animalculae in water) will be produced on a wall or on a white
screen.

§ 287. ¢) Magnetic gfects: 1f an electric stream is led
spirally round a rod of iron, the iron shows magnetic attraction.

1I1.  Chemical effects.

§ 288. a) Substances are decomposed and the elements
transported if they are traversed, by an electric current. Thus
water may be decomposed into Hydrogen and Oxygen, (disco-
vered by Carlisle and Nicholson 1800), and the existence of
Potassium and Sodium was discovered by a voltaic current
(Davy 1807). 443. Oxides are decomposed in such a manner
that Oxygen appears at the positive pole, the radical at the
negative; as to salts the acid appears at the positive pole, the
alkali at the negative.

§ 289. An application of this electrical effect we see also
in the art of Galvanoplastics, by which by means of a galva-
nic current the reproduction of any object is effected, because
this current decomposes a metal and deposits on it an impression
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of the object. 435. Also the art of electro-gilding is a similar
application of the chemical effects of voltaic electricity. Iron
coated with zinc does not rust. 444.

§ 29o. Chlorides, Iodides and Bromides are decomposed
in such a manner, that the metal appears at the negative,
Chlorine, Iodine and Bromine at the positive pole. Common salt
(Sodium chloride) may be very easily decomposed, but Sodium
does not appear at the negative pole, it combines with the Oxy~-
gen and Hydrogen of the water.

§ 291. &) The galvanic current also furthers chemical
compostiron. Pure zinc is not or only very slowly decomposed
in dilute sulphuric acid, if it is tonched by a piece of silver it
oxidises. The relation between Galvanism and Chemistry has
led to

§ 292. ¢) The Electrochemical Theory of Davy and
Berzelius.

1) Just as copper and zinc are electrified by touching each
other, so the afomzs of two elements in touching each other assume
opposite electricity and the attraction between their positive and.
negative electricity is the cause of chemical combination. (Hence
chemical affinity is the inclination of atoms to be electrified
contrarily). This explains also the decompositions mentioned
above. :

2) All elements may be arranged in such a manner, that
one of them by its being connected with the preceding one is
positively electrified.

3) Binate compounds which show negative electric pro-
perties are called acids.

4) Also galvanic electricity is accompanied by chemical
decomposition and the strength of the electric current is pro-
portional to the chemical decomposition (Faraday).

H*
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§ 293.  Electromagnetism. 1t was Oersted who in
the year 1820 discovered that electrical currents tend to set the
magnetic needle at right angles to their own direction, and it is
Ampére’s rule, that the north-pole of the needle is always de-
Aected lowards the left of the current; a short time after
that Schweigger in Germany discovered the Galvanometer or
Multiplier, a very delicate instrument by which the existence,
direction and intensity of currents may be determined. 445.
(Comp. No. 110.) The wire of the galvanic battery is led in
many turnings above and below the needle.

§ 294. Bars of soft iron under the influence of a voltaic
current become magnets and are called Electromagnets; they
have the horse shoe-shape; a copper wire, covered with silk or
cotton, is rolled several times round them and connects them
with the voltaic battery. 440.

§ 295. Parallel electric currents of the same direction attract
each other, those of different direction repulse one another,
crossed currents, if not prevented, will appear as parallel cur-
rents of the same direction.

§ 296. 8 Induction by currents. In a similar way, in
which a magnet produces in iron magnetism, an electric
current will call forth an electric current in a neighbouring con-
ductor; this second current will be at the moment, in which it
comes into existence, contrary to the original current, at the
moment, in which it ceases, it will be of the same kind. These
secondary currents, lasting only for a moment, are called -
duced currents.

This induced current is in general used for producing phy-
siological effects, because this momentary shock suits very well
to agitate the human body.
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§ 297. It is produced in the following way. Round a
hollow cylinder a silk-covered copper wire is coiled (called the
secondary coil). Into the hollow of this cylinder fits a similar
one (called the primary cotl), which consists of less turnings of
a stouter copper wire. The ends of the primary coil are connect-
ed with the two poles of a battery, whilst the two ends of the se-
condary coil are either connected with a galvanometer or, if
used for psychological purposes, with the human body.

As the effects of this kind of electricity last only for a mo-
ment, for utilizing them an apparatus is necessary, by which as
quick as possible the galvanic current may be interrupted and
thus a continual current can be produced (a cog-wheel). Induc-
ed currents were discovered by Faraday (1831).

§ 298. Induction by Magnets. 1If instead of the inward
cylinder (primary coil) a magnetic rod is inserted and the ends
of the two wires (of the secondary coil) are connected with a
Multiplier, the existence of an electric current can be proved.
Instead of the magnetic rod even a rod of soft iron may be
taken and by approaching and removing a magnet may be mag-
netised. This proves, that not only by electricity is magnetism
caused, but also that magnetism will produce electricity. Even
the magnetism of the earth may be used for causing induced
currents (Faraday).

§ 299. 9) The chief application of these electromagnets
we see in the Electric Telegraphs, The chief parts of Morse’s
telegraph are: 1) The wolfaic batfery as the source of power
with the /im¢ wire. 447, 1. The wires may be aerial, subter-
ranean and submarine. The aerial wire is that in general use;
it is sustained by wooden posts and insulated by supports of
porcelain. The sub-marine wires are also called Cables. In
the telegraph a wire connects the positive pole with the ele ctro-
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magnet, instead of the second one the Earltl ts taken as a Con-
ductor. 2) Morse’'s Kzy. 447, 2. It is a metallic lever, one
arm pressed upwards by a spring, the other end rests upon a
small metal support in contact with the wire. 3) Z%e Indicator.
447, 3. consists of an electromagnet, which, when by the key
of another station the current is closed, attracts an armature of
soft iron, fixed at the end of a lever (movable about an axis).
At the other end of the lever there is a pencil, which writes, or
a needle, which engraves the signals on a long band of paper
rolled round a drum. When the current is open the lever is
raised by a spring and the pencil removes from the paper.
There is another little electromagnet fixed on a board ; the arma-
ture of it being attracted, strikes against a bell, and this way the
receiving station is warned, that a despatch is about to be sent.
This instrument is called the Electrical Alarum. By means
of the relay, which is another auxiliary electromagnet, the cur-
rent of a local battery is introduced into the communicator in
order to strengthen the electric force upon the electromagnet,
which has to write a despatch.

§ 300. 10) The Telephone. Inthe electrical alarum we have
already an instrument, by which signals may be given. The
telephone (recently improved by the Microphone), consists,
as this figure shows, of two corresponding apparatus, one in
A for delivering a message, one in B for receiving one. M is
a strong magnetic rod, one pole connected with a secondary
coil (R), in front of this we see a small thin plate of iron in a
vertical position (#) and before this a mouthpiece, having the
form of a funnel (7'). Both ends of the inducing coil in 4
are connected by wires with the ends of the coil in 5. If
through the mouthpiece in A a word is spoken, the sound-waves
will cause the plate of iron to vibrate and each of these vibra-
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tions causes when approaching the pole of
the magnetic rod (&V) an induced current
and whilst retreating its contrary current.
In consequence of this the magnetic rod at
the station /5 (44') will be now strengthened,
then weakened, hence plate 5’ now attract-
ed, then repulsed. This way the plate 5’
makes as many vibrations as the plate 5
and in doing so must produce the same
sound (word), which was spoken and it will
be heard in the mouthpiece at 7*. The
first Telephone was constructed by Reis in
Germany 1862, but it was improved by
Graham Bell, Professor in Boston.

Remark 1. In comparing galvanism with
frictional electricity it is obvious that both forces
are indentical, only that the electric machine pro-
duces a greater tension, a galvanic battery a greater
quantity of electricity (the electric spark of a Ley-
den jar smashes a piece of wood into pieces, but
lasts only for a moment; the electricity of a gal-
vanic current breaks scarcely through the dry skin
of a finger, but it lasts as long as the wires are
closed). Very properly the electric machine was
compared with a waterless spring of high descent,
whilst the galvanic current is comparable to a

spring abounding in water, but of low descent.—
Carry out this comparison!

Remark 2. The effect of an electric current depends upon the quan-
tity of electricity, which passes in a given time through the wire. The
quantity is the greater the less resistance the current has to overcome (by
good wires and good elements) and the stronger the electromotive force.
If P the quantity of electricity, /7 the resistance and Z the electromotive

force, P= =
w

. This law was discovered by O/%m (in Erlangen) 1827.
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§ 3o1. 11) Thermo-electricity. 1f aplate of Bismuthand
one of Copper are soldered together so as to form a circuit and
one of the junctions is heated, we shall see, that a magnetic
needle moving on a pivot in the interior of the circuit, is de-
flected; if the other junction is heated, deflection takes place in
the contrary direction. This proves that an electric current has
been produced by heating. The same will occur, if two other
metals are taken. If metals are combined in such a manner,
we call it a thermo-electric series. The strongest current is
caused by Bismuth and Antimony. These currents were dis-
covered by Seebeck (in Berlin) 1821.

§ 302. 12) Animal electricity. There are fishes, which
like the voltaic pile are enabled to give electric strokes. The
most remarkable are the yellow narcissus (in the Mediterranean)
and the electric eel (in the land-seas of South America). The
electric organ of these animals consists of a vast number of discs,
piled up like the elements in the voltaic pile. But Nobili has
proved, that not only in these fishes—equipped with a special
electric apparatus—but in all living animals (in the systems of
their muscles and nerves) electric currents can be found. So
after all Galvani was right in supposing, that muscles and nerves
are electromotors. As often as a nerve transmits a motion of its
muscle, these currents undergo a change.

§ 303. 13) There is also a Hypothests about two electrical

Muids, very much alike to that about the two magnetic fluids.
The electrical fluid is a subtle imponderable matter formed by
the union of the positive and negative fluid. As long as both
fluids are combined, the body is in its neutral state. By friction,
chemical action a. s. o. the neutral fluid is decomposed and the
two kinds are separated. According to the excess of the one
or the other of these two fluids the body will be either positively
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or negatively electrified. The terms positive and negative are
adopted only for the sake of convenience. If the surplus of
one kind of electricity spreads over the whole of a body, we
call that body a conductor, if only that part of the body which
was exposed to friction is electrified, we call such a body a non-
conductor. As the fluids of one kind repel each other and those
of different kinds attract each other, the electric fluids are expan-
sive like gases; this expansion we call the electric tension or force.
At the edges and points of an electric body the electric fluid
accumulates and its density and tension increase to such a degree
as to overcome the atmospheric pressure.

Remark. We may say, the age in which we lived until now, was a
stecam-age, but it seems, we have already entered an age, in which electri-
city will be the prominent physical power. After Faraday discovered
the induced currents, it was in a threefold way, that practical use was
made of electricity. 1) For producing ke electric light, which is even
cheaper now than the coal-gas light (not the glowing light, but the arch-
ed light) and not dangerous. 2) For eleczrolysis, by which not only elec-
trotypes but also metals may be won. 3) For fransmission of force. Just
as motion is changed into electricity, also electricity may be transformed
into motion. When the question was raised, whether the force represent-
ed by the Niagara-cataract might not be utilized by electricity for New-
York, the physicist Siemens in Berlin was of opinion, that for conducting
this force all the copper available in this world would not be sufficient.
But Prof. Dr. Zech and others deny this, and in Munich they already
succeeded in transmitting the force of a river 30 miles distant by elec-
tricity and utilizing it for putting in motion different machines. As the
stock of coal is gradually decreasing and as the forces of flowing water
are not yet profited as they ought to be, we may expect, that erelong,
at the bank of every torrent a dynamic machine will be placed to supply
large cities with light etc.
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APPENDIZX.

A, Eguivalence of heat and mechawical work.

§ 304. As often as mechanical work is performed in order
to produce heat, one and the same quantity of work is neces-
sary for producing one thermal unit (to raise one pound of water
through one degree Centigrade § 139). The experiments of
Ioule and Hirn have proved, that be the work friction or the
force of a river or compression or magnetism, for obtaining one
thermal unit 424 units of work are neccessary. (An unit of work
we call the force required for raising 1 kilogramme through one
metre.)

§ 305. As often as by heat mechanical work is done, part
of the heat is absorbed; one thermal unit is spent by 424 units
of work. 424 Metre-kilogramme work we call the equivalent of
work for one thermal unit. ;1 or 0.002358 is called the equiva-
lent of heat for a dynamical unit.

B. Conservation of Energy
or the incorruptibility of matter.

§ 306. The preceding sections have shown, that mechani-
cal work is never lost, but only changed into heatand on the other
hand that heat is changed into mechanical work. But in the
same manner we have also come to understand, how mechani-
cal work may be used to produce magnetism or electricity or
that heat may cause electricity, on the other hand electricity may
be the cause of heat, light, mechanical work and chemical pro-
cesses and that chemical combinations call forth heat, light,
electricity etc. Now, if all the physical forces we know of may
be exchanged for each other, the conclusion seems to be justified,
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that all these forces are only diferent gfects of onme original
Jorce. If this is the case, we may also understand the great
harmony prevailing in all the physical laws and departments.

§ 307. We have seen further that never is a force not even
the smallest part of it existing in nature lost, but only transform-
ed into another force. (If I lift up a stone from the ground, is the
force exerted not lost?)

§ 308. In each body there is contained a certain quantity,
of force, we may call it its energy, /. e. each body contains a
certain quantity of heat, or it may under proper circumstances
enter into chemical combinations etc. -

§ 309. Neither man nor any power of nature is able to
produce a force not yet existent in nature; this shows, that the
sum also of natural forces cannot be increased. If we apparent-
ly call forth a force, we only stimulate a force to action, which
was latent before. Even in using the force of our muscles, we
only rouse up the chemical force of the carbon contained in our
body and of the oxygen, contained in the atmosphere.

§ 310. Hence our final conclusion is this:

Neither man nor any power of nature can add or destroy
one atom of the matter, constituting the universe; in the same
manner also the energy, bequeathed by the Creator to matter,
can be neither increased nor decreased.

So far as man and nature are concerned, we believe in the
incorruptibility of matter and force.
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REPERTORY.
Line: For: Read :
V1 (from bottom) cannot also cannot
L2 op) Tl Sf-e.in
s( »n Obottom) is placed displaced
EOS (s Aty suctio-nand suction- and
12 (e HoD) tune tone
8 (¢ , bottom) organ origin
2( o tp) pay hay
Gl ) point paint
29 i) having set down setting upon
10 ( , bottom) exeperiments experiments
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MALAYALAM
L ATECHISM OF PHYSICS

REPERTORY IN ENGLISH

BY THE
= e
Rev. L. Johannes Frohnmeyer
in charge of the B. G. Miss. High-School, Calicut. - j
e =] o

(Illustrated with 144 Diagrams)

“Non schole sed vitee discimus,”
“Rem tene, verba sequentur,”’
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