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PREF ACE.

The design of the Author in preparing the following
pages was to furnish the student with a brief yet compre-
hensive resumé of all that is important in the departments
of natural science of which it treats. He believes that the
student of chemistry will find included all that is necessary
or desirable as an introduction to that important branch
of knowledge, without being so diffuse as to extend to
several hundred pages. He has aimed throughout at
being as clear and as concise as possible in his definitions,
explanations, and statemeunts; and, on that account, he
feels confident that teachers who employ his little work as
a text-book in their schools will find their pupils master
the matter with much more ease than by the use of, it may
be, an equally comprehensive but less condensed treatise.
Wherever the nature of the subject has permitted the use
of problems to illustrate and enforce particular principles,
they have been introduced, so that the plan adopted in
Part I. has been steadily kept in view in the preparation
of the present book. It is believed that the entire work,
including Parts I. and II., is calculated to impart a much
more complete and practical knowledge of Natural Phil-
osophy than the text-books on that science commonly met
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with in our schools; however that may be, the Author
submits it to the kind consideration of his fellow-teachers,
with the hope that it may be found to supply, in a mea-
sure at least, the want of a reliable text-book on the subject
in our Canadian series of school-books.

The Author avails himself of this opportunity of return-
ing his thanks to Professor Kingston, of the Toronto
Observatory, for valuable information furnished him by
that gentleman with regard to the declination of the
magnetic needle in Canada.

ToroxTo, October, 1861,



o CONTENTS.

$o0 -
——
- Pacr
Heat, Definitions of.....covvvvunnes Ceeriecereiienass 5
*  Theories as regards....... b eeercranesretetinnas N )
Sources of....... cerenaes fiearerasarerreeseanton 7
“ Transference of ...vvvveniniieniinaas tevicesaaans 8
% Conduction of ....... feeiiirerer it et cerenaane 9
“ Convection of. covvvverreiiiaranasn eieesies veew 10
“# Radiation of c.cvereii ittt eiiieiae 11
¢ Reflection of............... Ceeeaees Ceerecsaienes 12
“ Absorption of.....cciiiiiiiiiiiiiiiin Cheecienes 14
“ Transmission of.... ceeveinieiiiennnceesrencnnns 14
Theory of Exchanges of Heat eeveenunnineineniannnnnnn, 15
Expansion of Gases...oeevein.., teesene. tereseseeeees 17
Air Thermometer .co.veveiiieierernreinresessiannnans 17
Differential Thermometer...........ceviveens. teeecnans 18
Expansion of Liquids «......viieiiiiininaiineninns, 18
Mercurial Thermometer ....... tetesena Ceeereseaaceanas 19
Reduction of Thermometric Scales .......evveennesss vee 21
Intensity and Quantityof Heat.........oonvviieneion, 22
Expansion of Solids coveveeniiiennnennss Cerieirreanees 23
‘Breguet’s Thermometer .o oveeeeeeceracesnssennns cere. 24
Pyrometers..o.ooivieniiiiiiniiiiiiiniins Creeeanaae 25
Exceptions to Laws of Expansion ...... teeserecedenaes . 26
Specific Heat o.vcvvenenveeeennass tessssesarerinatanes 28
Calorimeter ..... tetetanecatsanasseanns Ceerenaiasanes 30
Problems on Specific Heat ........... Ceserieneiiesenns 31
Specific Heat of Elementary Atoms. ...evvvsvneeeaeeann. 33
Melting Points........ I 35
Latent Heat ..... Ceeseee Ceieraeeaaes Ceterireriataanas 37

Freozing Mixtures. . .eqeevsecritssnsisescasnenaniises 38



vi CONTENTS.

Pacs

Boiling Points ..... Ceeaneeee oo eenes teaeaes titennns . 40
Nature of Vapours .e.oveveevnnanse Cerserisesrianaenns 42
Elastic Force of Vapours and Gases cveeeveereccnnacsan 44
Ebullitjon, Theory of Boiling....... Creraseesataenionns 46
Elevation of Boiling Points .. vvvvniiieneeniecanes [ 46
Depression of Boiling Points............ eeiaeas NP ¥ §
High Pressure Steam «voveeevererrerrierassnosnanansass 50
Elastic Force of Steam ..... .. iiiienieinienernnnnee 51
Latent Heat of Steam........... i seeesiiiaresneanaae 53
Spontaneous Evaporation ...eeveen.nn. N 54
The Cyrophorus «.ooeeeeriviiinieiiiresonananns teenans 55
Hygrometers ......... et eettecstetannanrencnneananan 56
Spheroidal State....oovieiiiiiiaa.. trestecsrssensaan 58
Sun and Stars as Sources of Heat....... Ceeirasesisenes 61
The Earth as a Source of Heat.voo.ovvvun.nn. ceetrecnns 62
Light, Theories as regards............ eeeieiaeae crenen 64
#  Definitions of ceve ittt iiiiiiee cinna. seveses 65
Photometry .. o.oivinin i ci ittt ittt 67
Decomposition of Light ......coooviiiiii i ii i, 68
Newton's Spectrum. .o vrvvnieeieeeennvannnn eereanas 69
Magnitude of Colored Spaces ................ reesanaaas 70
Brewster's Spectrum .. ..vviiii ittt iiin i, trerenees T2
Absorption of Light ... ..., ... . iviiiiiiinnn.. 14
Natural Coloration of Bodies....vc.vvvuenn... vesssees. 18
Complementary Colors........c....... Ceretereentinnene Kk
Theory of Transverse Vibrations ....vvvvveivnevennnn.. . 18
Interference of Light ......o i i i o,.., 79
Colorsof Thin Films . vovvvneinie i et ieernennnnn, 81
i« Grooved Surfaces........voviinnnnn.n.. ceeeen 85
Heat as a Source of Light........... Ceeeann Ceseaninena 85
Chemical Action as a source of light............. eevee. 8T
Phosphorescence as a source of light............ cesiana 89
Floorescence ..oeveerevnnienennnsnn. taecnann [P 90
Catoptrics, Definitions of ................... caveses ees 91
Reflection from Plane Mirrors....ovvvuvuninnn.... e 92
“ Concave “ ........ freeie et aaa, 93

“ Convex ¢ ....... tieeratenratsiaan.. 94

Problems .. oo vtiretiiiiiiiiiiis i i et ar ey ge s e - 95



CONTENTS. vil

Paae
Formation of Images by Mirrors cveeeeeeesessecnsreness 98

Problems on Formation of Images..ccvevesssascnsesanss 104
Dioptrics, Definitions of.......iciiiievineiiinenrieess 105

Laws of Refraction .......... cerrerannan cenaee 11
Indices of Refraction ...c..cvivininnennconnanse. eeaess 106
Total Reflection.....covviviriniieitecinneennanennnens 107
LenseS (iviieieiriorsencseranasrrecrasonencensnaass 108

Properties of Lenses....... Ceseraieean tesasrateiiansa . 169
Rules for finding Focal Lengths of Lenses ...... cesenves 111
Problems on Focal Lengths of Lenses ...ecouvvvvnn.n ... 113
Formation of Images by Lenses ...... Ceeeiieneeaas veess 115
Magnifying Power of Lenses.......... O B 1
Spherical Aberration «c.veveeiivoesenaserencoanns veese 118

Chromatic Aberration .... ......... Ceeneneennes ceeees 120
The Microscope ........ ceentrenaaaas [ 87
Problems on the Microscope.......c.ovvueivenncennsaaes 125
The Telescope ..covvvvvnenn. Creieteaseunasrasssanases 126

The Magic Lantern...coovivieererionenerevacncasenses 129
The Camera Obscura .......... treeeeesesianoans ceeses 131
Tbe Eye and Vision ......... Ceshreteenarassinnnne ceee 131
Long and Short Sight. ........... teesssaansienns cesaee 136
Color Blindness......ccoviiinnnns sonvuinennennensass. 138
Compound Eyes....ccvereeeiiieiersiansocescse.onniss. 138
Optical Phenomena of the Atmosphere............ veesss 139
Polarization and Double Refraction...coveeeoreacans seee 142
Electricity, Definitions of...vevvviivioneevsnevencneesos 146

¢ History of oo veeinieniiiieerenaseannnsss 147

“ Conductors of seeecveincenieecsesacnnnenses 149
Electrics and non-Electrics...ceveveenenanianiieieia.s 149
Insulation of Bodies ..vvvnueinsenroennneetansoansasae. 150
Sources of Electricity.cceeeiarererrnenrviasosrasaaces 150
Electroscopes..cuuveeereivrenssensssvesnoraneneesnnss 161
Electrometers......covvvevinveucnonrassosscsasaaansse 151
Theories of Electricity .....cvoveeernaeensccsnescaes es 153
Negative and Positive Fluids .....ccceeevvaviienevenoss 153
Distribution of Free Electricity .cccvvvvieiienes seenee. 155
Intensity, Tension, and Quantity.cceocveeriaeseesneess 156
Ioduction ..voviiieieiimenieniiisiiiiisentiineiianes 156



viii CONTENTS.

Paon

Laws of Variation in Intensity..eceessevieniocsseeaeess 157
Electrical Machine ........... N ees. 158
“ s Theory of coveveivererneanreenenss .o 159
Electrophorus ........... S eetiereiitereenirseeencnne 161
“ Theory of ..evvurennn Cerieieaeee serennes 162
Leyden Jar...... N Cerreesreaaaas 162
i Theory of .oevivieiaeinenennnnnns ee.... 163
Varieties of Discharge .................c0oeln Cererane. 163
Effects of Discharge ... coeeiiennenneinnianenns eeese. 164
Illustrative Experiments .............. teeertaenrevaren 165
Atmospheric Electricity........ Ceeeeae I . 166
Lightning Rods . cvvvininiiianiiiiiiiiineninanans «ee. 168
Dynamical Electricity .coovvnineiinnniinnnens cererenen 169
“ “ History of oo venvinnniiinininnas 172
Voltaic Piles .......ccvviiiiiiiiiininnnns, Ceseeseeaes 173
Voltaic Batteries.ceevsrereieiiisenecrnearararensnns 174
Ohm's Formul® of Resistance.......vievveiennannnennns 181
Effects of Voltaic Current. ....ovvvu.en,... Ceeerrensann . 187
Chemistry of Voltaic Current........ etresiertraasnann 190
Electrolysis of Bodies........... [ sessnsasess 191
Faraday's Laws of Definite Action.....ccvvuvurnnn eeae.. 192
Electro-Chemical Theory...... teetisasestasetonnitans 193
Electrotype Process .....ovvivneinnnnnnnn. Cerrusens oo 193
Theories of Voltaism ........... Ceriens Ceieeeians teee. 194
Magnetism and MagnetS .o.u.veeveinevenennnnnnns.., «o. 195
Properties of a Magnet....o.veeuune... P A £ ¥ §
Diamagnetism ......... Crrerecieteracnannas tiesiesens 200
Formation of Magnets au.ocveeveennnnsnnnn.. cesseeaaas 201
Terrestrial Magnetism........... teerenetsnennan ceeees 204
Declination of Needle........... tresiestasiisieneaeess 205
Inclination of Needle ..vvuevennenn.,. Sreesiiiriaaans . 208
Theories of Terrestrial Magnetism.. .., Cettierteresianes 207
Electro-Maguetism ......... veseenenen D .o 209
Electric Telegraph R Y T
Magneto-Electricity vvov.uan.. terteeisiianas teesiaeaa, 215
Thermo-Electricity..... R T T 3 L |
Animal Electricity «evevrenenennsin.... Ceereneens vee. 217

MiﬂcellaneousProblemn.......»........................ 218



CHEMICAL PHYSICS.

HEAT.

LECTURE 1.

DEFINITIONS, THEORIES, SOURCES, CONDUCTION,
CONVECTION.

DEFINITIONS.

1. Every body containg more or less of that mysterious agent
to which the name keat or caloric has been applied.

2. When any substance possesses heat of greater intensity
than the human body, it is, in common language, said to be
hot or warm ; when less, it is said to be cold.

3. Cold is merely the absence or abstraction of heat.

‘When we touch a body not containing heat of as great intensity as the
hand, caloric is withdrawn from the latter and a sensation of cold is pro-
duced. Cold is therefore only a negative property; and it is necessary to
remember, that, since all bodies contain a greater or less amount of heat,
heat and cold are simply relative termus, being analagous to the terms
positive and negative in electrieity.

4. It is customary with some writers to apply the term Aeat
to the sensation experienced by touching a hot body, and the
term caloric to the agent or cause which produces that sensa-
tion. In practice this distinction is not very rigidly observed,
and in the following pages we shall use the terms indiserimi-

nately. - -
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5. We commonly speak of a portion of heat as a something
that is capable of being added, subtracted, multiplied, divided,
conducted, conveyed, radiated, reflected, absorbed, transmitted,
&c. ; but it must be distinctly borne in mind, that, ag the nature
of caloric is a matter of pure hypothesis, these terms must be
received with extreme caution, as merely convenient modes of
describing facts, and not as explanations of those facts.

THEORIES AS TO THE NATURE OF HEAT.

6. Two theories have been advanced by philosophers for the
explanation of thermal phenomena, and are known as

1st. The Corpuscular Theory, which regards heat as being a
Auid; and

2nd. The Wave Theory, which regards heat as being merely a
motion.

7. According to the corpuscular theory, heat or caloric may
be defined to be a highly elastic imponderable fluid of great
tenuity, and of which the particles are possessed of indefinite
self-repulsive powers. This fluid is supposed to pervade all
space not actually occupied by material atoms, and to enter
into the composition of different bodies in different proportions,
thereby determining the degree of their fluidity, solidity, &c.

8. The wave theory assumes that every particle of every body
in the universe is in a state of perpetual vibration, and that
these vibrations, varying in extent and velocity, constitute or
producs heat. It further assumes that this vibratory or oseil-
latory wotion among the atoms of matter, has a constant ten-
" dency to equalize itself by communication from atom to atom,
and from body to body, by means of -waves or undulations pro-
pagated through the ether which s §upposed to fill all space
not actually filled with material atoms.

Nore.—Many of the phenomena of heat are equally well explained by
either of these hypotheses; others are rendered more intelligible by one
than by the other, and some few seem to require & union of both SUpposi-
tions for their satisfactory comprehension. The wave theory is adopted
by many philosophers at the present day on account of the striking anal-

ogy of heat to light ; the rays of heat, like those of light, being capable of
reflection, refraction, absorption, polarization, &c.
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SOURCES.

9. The principal sources of heat are :

1st. The Sun and the Earth.
2nd. Chemical Action.

3rd. Friction.

4th. Compression or Percussion.
5th. Electricity.

10. Chemical action, including as it does all cases of com-
bustion, is, after the sun and the earth, the most important
source of heat.

Thus, every one is familiar with the fact that a large amount of heat is
evolved during the burning of wood, coal, spirits, &¢. When water is
mixed with sulphuric acid in a glass vessel, the temperature of the mix-
ture rises almost to the boiling-point of water. 8o also when water is
thrown upou quick lime so much heat is evolved that it sometimes ignites
wood.

11. Friction is a very important source of heat.

Thus, Rumford found that in boring a brass cannon 8% inches in dia-
meter, the borer making 32 revolutions per minute under a pressure of
10,000 1bs., sufficient heat was generated to boil 18} lbs. of water in 2}
hours.

As other examples of the development of heat by friction, we may mention
the fact that the ungreased axles of waggons, railway cars, &c. some-
times take fire spontaneously; the custom of savages igniting wood by
friction ; the fact that in grinding steel swords, knives, axes, &c. small
portions of the metal become incandescent, i.e. red hot.

12. The evolution of heat by compression seems to depend
on its diminishing the bulk of the bedy; for, as a general rule,
whenever a body is decreased in size, heat ig evolved.

According to the corpuscular theory, this is casily accounted for. Thus
all bodies are more or less porous,and the insensible heat they contain is
condensed in their interstices/ y Now when a body is compressed, its pores
are diminished in capacity, and, no longer capable of containing so much
heat, a portion is pressed out and becomes scusible ; just as when we take
a wet sponge in the hand and compress it, a part of the contained watcer
is expelled.

This fact is well explained by the action of the coining-press. Thus
Bertholet placed a piece of copper in & press and found that the evolution
of heat was greatest at the first stroke, and diminished at each succecding
one; the temperature being eleviz.ted at each stroke as follows:
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156 SETOKE. vuvruecrenssrnesrsreesnserninnenss 17,30 Fahr,
e 150 %
3rd stroke .........cccereeenne cessisieeens e 190 ¢

We have additional examples of the production of heat by compression
in the fact that a blacksmith can render a piece of soft iron red hot by
rapidly haminering it; and 2 piece of German tinder can be ignited by
strongly and suddenly compressing some air contained in a cylinder.

13. The heat produced by electricity, as for example in the
galvanic battery, is among the most intense that can be ob-
tained by artificial means, and is capable of melting many of
the most refractory substances known!

TRANSFERENCE.

14. When a red-hot ball or other ignited mass is placed in
the open air, it rapidly loses its heat, and its temperature sinks
until it reaches that of the surrounding bodies. The heat thus
lost is transferred by several modes :

1st. A part is carried away by the metallic support or other
body on which the ignited mass rests. This process is
called conduction.

2nd. A part is conveyed away by certain motions set up in the
air. This is known as convection.

3rd. A part is emitted from the surface of the ignited mass in
the form of rays, which pass in straight lines and with
the velocity of light through a vacuum, and through air
and certain other transparent media. This process is
termed radiation.

Hence heat is transferred in three ways :

-
1st. By Conduction ;
2nd. By Convection ; and
3rd. By Radiation.

NoTE—~The term conduction is objectionable, as it implies that the
particles of a body are in contact, which we know to be impossible. Hence
Conduction is properly called Interstitial Radiation, or radiation from
particle to particle across the inter-molecular spaces.
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CONDUCTION.

15. Different bodies possess the power of conducting heat in
very different degrees. Those which, like the metals, readily
convey it, are, in common language, called conductors, while
those along which it passes but imperfectly are termed non-
conductors.

It must be remembered, however, that the terms conductor and zon-
conductor are merely relative terms. In point of fact, all substances con-
duct heat, but some much more perfectly than others, and hence there is
no body that is absolutely a non-conductor.

The following table, given by Despretz, shows the relative
conducting powers of different bodies, expressing that of gold

as 1000 :
TABLE OF CONDUCTING POWERS.

Gold ...vvevvinenanes 1000 [Tin.eeennevnnaeaenee. 304

Silver.ceeeres.. veeen. 913|Lead ciiiiiiienenena. 180
Copper . eveveee vavunn 898 |Marble....covvuivnveas 24
IrOn covvnnnnnenen. veo 374 |Porcelain ...ocovvinen 14

ZiNC.evevenonnnnnneas 363 |Clayeecsiiiiaiiiinas 11

16. Liquids and gases are very imperfect conductors, and
when they become warmed it is generally by the convection
rather than by the conduction of heat.

This may be clearly illustrated by holding a test-tube ncarly filled with
water so that the flame of a spirit-lamp may be directed against the upper
part, when it will be found that the upper portion of the water may bo
made to boil without elevating the temperature of that in the lower part,
of the tube to any appreciable extent.

17. The advantage of uging light porous fabrics such as wool-
eng, silk, cotton, fur, &c. for clothing, is referable to the fact
that these hold entangled in their meghes a portion of atmos-
pheric air, which, like all other gases, is a very imperfect con-
ductor.

The finer the fabric of the cloth, the more perfectly does it hold the air
imprisoned among its fibres, and hence the warmer it is as an article of
clothing. The down of the eider-duck is almost unrivaled in this respect.
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In accordance with this fact, it is found that if the fibres are pressed
into close contact, the non-conducting power of the cloth is very much
impaired.

From the fact that air is an excellent non-conductor, arises the use of
double windows for preserving the heat in apartments; the stratum of air
between the windows offering an almost impassable barrier to the escape
of the heat contained in the room. Hence also ice-houses are constructed
with double walls, and the surface of the ice covered with saw-dust, woollen
cloths, straw, &c. in order to preserve it, It is also partly on account of
the air contained within its pores, and partly from the fact that it is itself
a very imperfect conductor, that snow acts as a protective covering to
the earth, preventing its temperature from sinking as low as it would do
otherwise,

CONVECTION.

18. When a liquid or a gas is warmed, the process is carried
on principally by convection, i.e. by the particles which come
in contact with the source of heat flying off and carrying with
them a certain amount of caloric, which they distribute among
the cooler overlying portions.

Fig. 1.

It follows that when a liquid or a gas is heated from
below, currents are produced; as may be beautifully
shown by placing a lighted lamp under a flask con-
taining water with which is mixed some fine insolu-
ble powder, as pulverized amber. The small fragments
of amber will be seen to rise in the centre, gradually
flow off towards the sides, and then fall again towards
the bottom.

NoTB.~An important inference from this fact is,
that in a room which has to be warmed by a fire-place
or a stove, the grate or the stove must be placed at or
near the floor,
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LECTURE II

RADIATION, ABSORPTION, TRANSMISSION, THEORY
OF EXCHANGES OF HEAT.

RADIATION.

19. Heat is emitted from the surface of a hot body equally in
all directions, and always in straight lines,

20. The intensity of radiant heat varies inversely as the
square of the distance from its source.

Thus, if a certain amount of heat fall upon a given surface at the dis-
tance of one foot from the ignited mass, at the distance of two feet only
one fourth as much, and at the distance of three feet only one ninth as
much, will impinge upon it.

21. The rapidity of the radiation of heat from hot bodies is
influenced in & remarkable manner by the nature and condition
of their surfaces.

Thus, it has been found that—
1st. Bright and polished surfaces radiate heat very slowly,
2nd. Metals equaﬁ polished radiate heat with equal rapidity.
3rd, The radiating power of a metal isincreased by roughening its surface,

or by coating it with lampblack, or tightly covering it with linen, &c.
4th. The radiating power of a body does not depend altogether on the
degree of polish, since glass equally polished with metallic surfaces
radiates heat much more rapidly,
5th. The radiating power of a surface is not affected by its color; hence
no particular color is better adapted than another for winter
clothing.

Notg.—The absorbing power of bodies for heat depends closely on their
color,

22. In order to observe the radiating power of unlike sur-
faces, Rumford obtained two similar brass cylinders, both
highly polished, and, having surrounded ore with a tight cov-
ering of linen, filled them both with boiling water. He then
found that the water in the uncovered cylinder cooled 100 F.
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in 55 minutes, while that in the other cooled 102 F. in 36} min~
utes; or, in other words, the water in the naked vessel re-
quired half as long again to cool through a given number of
degrees as that in the covered one.

23. Sir John Leslie investigated the radiating power of dif-
ferent surfaces by placing hot water in square tin canisters
coated with various substances. Presenting these surfaces in
succession to a parabolic reflector, he concentrated the radiated
heat upon a differential thermometer, and then compared
the results. ’

The following table expresses the relative radiating powers of the various
substances with which the canister was coated,—that of lampblack being
represented by 100

TABLE OR RADIATING POWERS.

1
|| Lampblack ......ccovvivivrineeernnnns 100 | Plumbago.......cccovviererrenee vereens T3

Water (by estimate). ........ e 100 | Tarnished lead.............. aeanen 45
Writing paper .........oveerennas 98 | Polished lead ........ccrverrennnes W 19

Sealing-wax 95 | Polished iron........ 15

90 | Other metals polished............ 12

Crown glass

It hence appears that lampblack radiates flve times as much heat as
polished lead, nearly seven fimes as much as polished iron, and about
eight and a half times as much as polished gold, silver, tin, brass, &c.

This explains why it is more advantageous to use bright metallic tea~pots
than those made of porcelain,—the former keeping the beverage hot much

longer than the latter; also the use of bright metallic covers for dishes at
table, &e.

24. When radiant heat falls on a surface, any one of three
things may occur :
1st. It may be reflected;
2nd. It may be absorbed; or -
3rd. It may be transmitted.
NoTe.—It may be partly reflected and partly absorbed, partly absorbed
and partly transmitted, or partly reflected and partly transmitted.
" REFLECTION.

25. The rays of heat, like those of light, may be collected in
a focus. Thus if a heated body, as a hot ball of jron (C), be



REFLECTION. 13

placed in the focus of a concave parabolic reﬂe(‘:tor (A), the
diverging rays that fall upon the reflector become parallel in

A B
AR | SRS [ 1
E VY !
s J 3 DAY
Fig. 2.

direction ; and if these parallel rays be made to impinge upon a
second concave parabolic reflector (B), they become convergent
and are reflected to a focus (D). If a screen be interposed
between the mirrors and some phosphorous be placed at D, upon
withdrawing the screen the phosphorous instantly ignites.
NoTE.—If a snow-ball and a thermometer be made to occupy the foci of
a pair of reflectors, the snow-ball begins to melt and the mercury in the
thermometer falls. This was formerly explained by saying that the ball
of snow radiates its cold to the thermometer ; but as cold is merely a nega-
tive property, this is evidently impossible. In point of fact, the thermo-
meter, which in this case is the hotter body, radiates heat to the ball of

snow, and hence the melting of the latter and the fall of the mercury in
the former.

268. There is an intimate connection between the radiating
powers of different surfaces and their capabilities for reflecting
or abgorbing heat. Thus those surfaces—as lampblack, glass,
&c.—which radiate freely, also absorb a large part of the heat
which falls upon them ; while those that radiate and absorb
but feebly,—as, for instance, the bright metals,—are excellent
reflectors.

A polished me-tallic reflector remains perfectly cold although it collects

a large amount of heat in its focus, while a glass reflector absorbs so much
of the heat as to become itself hot.

27, The reflecting powers of different surfaces have been determined
by Buff to be as follows :—Of 100 rays incident ab an angle of 6 from the
perpendicular, there were reflected—
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TABLE OF REFLECTING POWERS.

By polished gold ............ooonvieeniivuneniissnnsessoisesereenaranns voneees 76
“ « SIIVEr OF DPASS ..ovvivreeririreieereecerinanereessrivrnennes 62
“ brass, not polished. .........

“ polished brass, varnished
“ looking-glass .......cveevevnnienn
“ glass-plate blackened on back............ccceernrnenne
“ metal-plate blackened . ............cccevniireirieniereeirsreneseerons 6

ABSORPTION.

28. Color influences to a very great degree the absorbent
power of a surface for rays of heat when accompanied by rays
of light. Thus with the rays of heat emitted by the sun or by
any incandescent mass, the darker the color the more rapid the
absorption ; and hence the reason that dark-colored clothes are
preferable for winter and light-colored for summer use.

TRANSMISSION,

29. Those substances that possess the power of transmitting
heat through them as glass tramsmits light, are termed dia-
thermanous or trancalescent.

30. The heat of the sun passes through any transparent body
without loss ; but only a portion of the heat from terrestrial
sources is permitted to pass, and the amount transmitted in-
creases as the temperature of the radiant body rises. Thus
when the temperature of the radiant body was 180° F., 4sth of all
the rays emitted passed through a screen of glass ; when the tem-~
perature of the radiant body was 360° F., {sth was transmitted ;
and when the temperature was 960° F., 1th was transmitted.

31. Rays of heat which have passed through one plate, are
less liable to absorption in passing through a second.

Thus Melloni found that out of 1000 colorific rays from an
oil flame, 451 were intercepted in passing through four glass
plates of equal thickness; and of thege 451 rays—
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381 were intercepted by the first plate.

43 « % gecond plate.
18 6 % third plate.
9 o “  fourth plate.

32. All transparent bodies are not equally transcalescent,—
and indeed some good diathermanous bodies are opagque, or
even black.

Thus Melloni placed plates one tenth of an inch in thickness
before the flame of an argand burner, and found that of 100
incident rays, there were transmitted by—

TABLE OF TRANSCALESCENCY.

Rockesalt .....ccevienninniiinents, 92 rays.
Glass, rock crystal, and Iceland spar... 57 ¢
Emerald ..oovveviinninnnnnn e 29
Fluor spar and citric acid............. 15
Rochelle salt and alum +vveeeinnananse 12 ¢
Sulphate of COPPEr «+ sacveeencsareces 0

33. Rock-salt is the most perfectly diathermanous body
known. Not only does it transmit the largest amount of the
heat emanating from a body of given temperature, but it is the
only substance that is equally trancalescent to heat of all inten-
sities ; a piece of rock-salt transmitting 92 per cent. of the inci-
dent rays of heat, whether they be radiated from the hand or
from an incandescent body.

NoOTE.—Lenses and prisms of rock-salt are as invaluable in experiments
upon the transmission of heaf, as those of glass are in researches into the
nature of light.

THEORY OF EXCHANGES OF HEAT.

84. When several bodies of different temperatures are placed
near one another, their temperatures gradually approximate
until finally an equilibrium is attained. In order satisfactorily
to explain this phenomena, it has been supposed that bodies
exchange heat at all times, no matter how different their tem-
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peratures may be. This hypothesis is known as the theory of
exchanges of heat, and may be thus enunciated :

All bodies, no matter what their temperature, are radiating
heat at all times, and the rate of radiation depends upon the tem-
perature ; increasing as the temperature rises, and decreasing as
it falls.

Thus if a red-hot cannon-ball and a mass of ice be plaged near one
another, they exchange heat,—the cannon-ball giving more and receiving
less, and the ice giving less and receiving more; and this process of ex»
changing heat goes on even after an equilibrium of temperature has been
attained, the only difference being that each body then gives as much heat
as it receives.

LECTURE III.

EXPANSION OF GASES AND LIQUIDS, THERMO-
METERS, THERMOMETRIC SCALES.

EXPANSION,

35. All bodies expand under the influence of an increasing
temperature, and contract again as their temperature falls.

Thus the magnitude of all bodies is dependent on their temperature. A
measure that is exactly a yard long in winter, is more than a yard long in
summer ; a vessel that will exactly hold a gallon in summer, will hold less
than a gallon in winter; and the dimensions of all objects are subject to
daily and hourly change.

This affords an explanation of the irregularity in the movements of
our time-pieces. The longer the pendulum of the clock or the greater the
diameter of the balance-wheel of the watch becomes, the more slowly does
it perform its oscillations ; while if the pendulum be shortened or the
balance-wheel lessened in diameter, the more rapidly does it move. But the
pendulum and the balance-wheel are constantly varying in their dimen-
sions, owing to increase and decrease of the temperature, and therefore
the clock or the watch whose motions they govern does not keep exact
time,

Hence arises the use of compensation pendulums for clocks and compen-
sation balance-wheels for watches.

36. Of the three forms of matter, gases expand most an
solids least under the same increment of temperature. :

Thus, heated from the freezing point to the boiling point of
water—
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1000 cubic inches of Tron become 1004
1000 € of Water « 1045
1000 b of Atmospheric Air ¢ 1365

NoTE.—S8ince the attraction of cohesion acts most powerfully in solids
and least powerfully in gases, and cobesion and caloric are antagonistio
forces, it follows necessarily that the same increment of heat will produce a
greater degree of expansion in a gas or liquid than in a solid.

EXPANSION OF GASES,

87. First Law.—Jll permanently elastic gases, as atmospheric
air, expand equally for the same increment of temperature, and
the amount of this expansion is equal to 71 of their volume at
320 Fakr. for every additional degree of Fahrenheit’s thermometer.

NoTe.—The fraction -1 is called the coefficient of expansion of gases.

91
Thus 491 volumes of a gas at 32 Fahr. become
492 {4 (13 (14 at 330 [

498« ap34e
500 % ¢ ap4l0
40 ¢ “ a8l
459 ¢ “ “ at 0° ¢ &c.
38. Secoxp Law.— The same. gos expands with uniformity as
ils temperature rises.
Thus 10 degrees of heat produce the same amount of expansion, whether
applied to a portion of gas having a very high or a very low temperature.
39. The Air-Thermometer (called also Sanctorio’s thermome-
ter) consists of a tube of glass open at one end and Fig. 3.
terminating in a large bulb at the other. The open
end passes through a cork and dips beneath the surface
of some colored water contained in a bottle. The bulb
and upper part of the tube contain air; the lower part
of the tube, to which a graduated scale is attached, is
filled with a portion of the colored liquid contained in
the bottle. When warmth is applied to the bulb, the
air expands and forces down the column of colored
liquid ; so when cold is applied to the bulb, the contained
air contracts and the colored liquid rises into the tube,
owing to the pressure of the atmosphere upon the sur-
face of the water in the bottle. The movements of the {8
column of colored water, either way, are measured by
the attached graduated scale,




18 EXPANSION OF LIQUIDS.

NoTEe.—It is necessary to cut away part of the cork, so as to allow a free
communication between the inside and the outside of the bottle; otherwise
the air in the upper part of the bottle would expand, and by its elasticity
counterbalance the downward pressure of the air in the bottle.

The indications of the air-thermometer are not to be relied on, as the
movements of the column of colored liquid are as much influenced by at-
mospheric pressure as by temperature. This is at once shown by placing
the air-thermometer in the receiver of an air-pump: directly we begin to
exhaust the air, the column of colored liquid begins to descend, owing to
the elastic force of the air in the bulb,

40. The Differential Thermometer (invented Fig. 4.
by Sir John Leslie) consists of a tube bent
twice at right angles and terminating in a
bulb at eachend. The bulbs both contain
air, and the tube is filled with sulphuric
acid colored with indigo. It is called the
differential thermometer because it indicates
the difference of temperature of the air in
the two bulbs. The principle on which it
acts will be seen from the following facts.

L. If both bulbs be subjected to the sgame degree of heat,
the air in each expands or tends to expand equally, and
consequently the column of liquid will not move at all.

2. If both bulbs be subjected to the same degree of
cold, the air in each contracts or tends to contract
equally, and consequently the colored fluid moves neither
one way nor the other.

3. If one bulb be subjected to a greater degree of heat than
the other, the air in that bulb expands and the fluid
moves towards the other.

4. If one bulb be subjected to a greater degree of cold
than the other, the air in that bulb contracts and the
colored liquid moves toward it.

EXPANSION OF LIQUIDS.

41. First Law.—A1 liquids do not expand equally for the same
increment of temperature, )
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Thus, when heated from the freezing-point to the boiling-point
of water,

Alcohol expands §, or, in other words, 9 measures become 10

Fixed oils ¢ ey “ 12 “ 13
Water K 277 i 22% “ 233
Mercury ¢ Ex i i 554 ¢ 563

Note.—From this it appears that by the same increment of heat alcohol
or spirits of wine is about six times as expansible as mercury. In the mid-
dle of summer, alcohol will measure 5 per cent, and oil nearly 4 per cent.,
more than in the depth of winter,

42. SeooND Law.—Ligquids are progressively more expansible af
high than at low temperatures.

Thus, mercury, which of all liquids is the least irregular in its
expansions, increases when heated through successive increments
of 180° F. as follows :—

Heated from 0° to 180° 1 volume in 554
i 180¢ to 360° 1 “ in 54%
i 3600 to 5400 1 “ in 53

43. The Thermometer is an instrument used for measuring the
intensity of heat.

44, The liquids usually selected for thermometric purposes
are mercury and alcohol ; the former being better adapted for
measuring high, and the latter for low degrees of temperature.

NOTE.~—Merecury boils at 662° Fahr.,, and freezes at 400 below zero;
Alcohol boils at 170° Fahr., but no degree of cold has yet frozen absolute
alcohol. It follows that a Mercury Thermometer will act up to about 600°
and down to 35° F.,and an Alcohol Thermometer will act up to 150° Fahr.
and down to —~150° or — 2000, with tolerable regularity.

45. Mercury is better adapted, for a thermometer, than any
other liquid from the following considerations :—

1st. It can always be obtained in a state of purity.

2nd. It expands more regularly than other liquids.

3rd. It measures a greater range of temperature.

4th. It does not soil or adhere to the tube.

5th. It is very sensitive, being readily affected by a small
increment of heat.

NoTe.—The mercury is purified by subliming it, and afterwards boili g
it to deprive it of air,
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46. The Mercurial Thermometer consists of a capillaty glass
tube, 10 or 12 inches in length, and of equal bore throughout.
The lower end of the tube terminates in a thin bulb of moderate
gsize. The bulb and part of the tubeare filled with mercury. The
is air expelled from the rest of the tube by expanding the mer-
cury in the bulb until it rises to the top of the tube, and at that
moment directing the flame of a blow-pipe against the open end
of the tube and thus hermetically sealing it. As the quicksilver
in the thermometer cools, it recedes from the top of the tube and
leaves a vacuum above it.

In order to graduate the thermometer, it is attached to a flat
piece of wood or ivory and placed in melting ice, when the height
of the mercury in the tube is carefully marked. The instrument
is next plunged into boiling water and the height of the quick-
silver again carefully marked. At the former of these points
the number 32 is placed and at the latter 212, toindicate respec-
tively the melting point of ice and the boiling point of water.
The space between these two points is carefully divided into 180
equal parts or degrees, and similar equal divisions are continued
above the boiling point and below the freezing point.

NoTB.—Mercury expands 20 times as much as glass and therefore it is
that it rises and falls in the thermometer tube with every change of tempe-
rature. Thick glass bulbs do not make as sensitive thermometers as thin
bulbs, but the latter are apt to collapse after long use or by sudden exposure
to very high or very low temperatures. The greater the bulb and the smaller
the diameter of the tube the longer the degrees or divisions of the scale,

47. Three different thermometric scales have been adopted by
the chemists of different countries. In all the fixed points are
the same, viz. the melting point of ice and the boiling point of
water, but the divisions on the soales are different, being as fol-
lows i—

In Fahrenheit's scale the melting point of ice = 32°; boiling
point of water = 212e, ’

In the Centigrade scale the melting point of ice = 0¢; boiling
point of water = 100,

In Reaumur's scale the melting point of ice = 0°; boiling
point of water = 80e,
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That is, in Fahrenheit's scale 0°or zero is placed 32° below the
melting-point of ice, and the space between the melting point of
ice and the boiling-point of water iz divided into 180 equaj
parts. In the Centigrade scale and the scale of Reaumur, zero
corresponds to the melting-point of ice, and the space between
it and the boiling-point of water is divided in the former into
100 and in the latter into 80 equal parts.

REDUCTION FROM ONE SCALE TO ANOTHER.

1. Toreduce Centigrade degrees to degrees of Fahr.

Rure. Multiply by 9, divide the result by 5 and add 32.
ExAMPLE.~100° C,.=212° F. Thus100 X 9 =900 5=180 -}- 32 =212,
Reason. 100° C.=180° F.or 5° C.=9° F. . . 1° C.= §° F.,and since ¢° C.

corresponds to 32° F. we add 32°,

II. To reduce degrees of Fahrenheit to Centigrade degrees.
Rure. Subtract 32, multiply the remainder by 5 and divide the

product by 9.

EXAMPLE.~212° F,=100° C. Thus 212 — 82 =180 X 5 =900 -~ 9 =100,
Reason. Similar to that in 1.

III. To convert degrees of Reaumur into degrees of Fahr,
Rure. Multiply by 9, divide the product by 4 and add 32.

ExAMPLE.—~80° R,=212° F, Thus 80 X 9="720-- 4 =180 4 32 =212,
Reason. 80° R.=180°F. .'. 4° R.=9°F.or1* R.=3°F,, and we add
829 because 0° R. corresponds to 32° F.

IV. To convert degrees of Fahr. into degrees of Reaumur.
Rune. Subtract 32, multiply the remainder by 4 and divide the
result by 9. ’

EXAMPLE.~212° F,=80° R, Thus 212 — 32 =180 X 4 ==720 --9==80.
Reason. Analogous to that in IXI.

V. To reduce degrees of Centigrade to degrees of Reaumur.
RuLe. Multiply by 4, and divide the product by 5.

EXAMPLE.—100° C,=80° R. Thus 100 X 4 = 400 — 5 =80,
Reason. 100°C,=80°R.,or5°C.=4°R. . . 1°C.=4°R.

VI. To reduce degrees of Reaumur to degrees of Centigrade.
RoLe. Multiply by 5, and divide the product by 4.

ExAMPLE—80° R, =100° C. Thus 80 X 5 =400 - 4 = 100.
Reason, 80°R.=10(°C,,gr4#° R.=5°C. . . 19R.=4°C,
[+}
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EXERCISE,
1. 219°F. = 103.8° C, = 83.1° R,
2. 117°F. = 47.2°C, = 31.7° B,
3. *26°F. = —3.3°C, = —2.6° R.
4 9P = ~10.2° R, = ~—127°C.
5, —4°F. = -16° R. = —20° C.
6. —23° F. = —24.4° R. = ~—805°C.
7. 78° C. = 163.4° F. = 58.4° R.
8. 49.6° C. = 121.2° F. = 89.6° R.
9. 93.2° C. = 199.7° F. = 74.6° R.
10. 217°  C. = 173.6° R. = 422.6° F.
11, —+43° C. = —344° R. = —454° F,
12. —40.9° C. = —32.7° R. = —41.6° F,
13. 19.7°R. = 76.8° F. = 24.6° C.
14. —23.4° R, = —20.6° F. = —29.2° C,
15. 367.3° R = 693.3° F. = 367.8° C.
16. —16.9° R. = —211°C, = —6° P,
17. 214° R. = 34.2° C. = 93.6° F.
18, 232° R. = 111.1° C. = 232° F.

48. A thermometer does not measure the quantity of heat
present in a body, but merely its intensity.

Thus, if from a barrel of water of any temperature we fill 2 glass and
then place a thermometer in each, the mercury will stand at the same
height in each thermometer, although there is obviously much more heat
in the barrel of water than in the glass full.

49. Although we can say that one body is hotter or colder
than another we cannot say that one body is twice as hot or
twice as cold ag another. This arises from the fact that we do
not know the true zero points of bodies, or in other words we
do not know what is the least bulk into which a given body is
capable of being condensed by cold. Now to say that one body
is twice as hot as another is, in reality, to say that ¢ this body
exceeds its minimum bulk by twice as much as that body ex-
ceeds its minimum bulk.”

*+ When the given number of degrees F. is below 320, find the number of
degrees below 32 and multiply that number by £ to reduce to Centigrade,
and by 4 to reduce to Reaumur, ?

+ When the given number of degrees C. or R. is —, i. ¢. bclow zero, mul-
tiply by £ or § and subtract 32 to reduce to F, ’
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NoTE.—When we say that the temperature of one body is 120° and that
of anothor bedy 60°, it may, at first sight, appear that the former must be
twice as hot as the latter ; but it must be borne in mind that the numbers
120° and 60° are merely reckoned from an arbitrary zero-point, adopted
because the real zero-point is unknown,

LECTURE 1V.

EXPANSION OF. SOLIDS, PYROMETERS, EXCEPTIONS
TO GENERAL LAW OF EXPANSION.

EXPANSION OF SOLIDS.

50. Firsr Law.—Al solids do not expand equally under the same
increment of temperature.

Thus when heated from the melting-point of ice to the boiling-
point of water, the linear expansion of rods of different substances
is shown in the following—

TABLE OF EXPANBION.

Zinc expands 1 partin 323 | Pure Gold expands 1 partin 682
Lead “ 1 ¢ ¢ 351|Iron wire o1 o« gy2

Tin “ 1 ¢ ¥ 516 | Palladium “ 1 ¢« ¢ 1000
Silver ¢ 1 ¢ ¢ 524Glass i 1 ¢ @ 1142
Copper ¢ 1 ¢ ¢ 581 |Platinum “ 1 @ o«1eT
Brass # 1 # ¢ 584! Black Marble * 1 ¢ 4 2833

NotB.—The increment in bulk is about three times as great as the linear
increment. Thus the linear increment of Lead is 35T, the solid increment
is T? T on'ﬁ ; that is, Jead increases in d%lk 1 part in117 when heated from
320 F. to 2120 F,

51. Seconp Law.—The same solid is progressively more expan-
sible at high than at low temperatures.

NoTE.—Platinum is the mogé uniform in its expansion.
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P

52. A compound bar made by soldering two thin plates of
brass and iron, or of copper and platinum, illustrates very clearly
the unequal expansion of these Fig. 5.
metals. When heat is applied to
the bar, the metals both expand, :—‘-—‘%
but the copper much more than ﬁ/———_‘d\
the platinum ; and the result is that W
the bar becomes curved, so that the /—rr—r = )
platinum is on the inside of the
curve, When the bar is subjected to great cold, the reverse
takes place ; for then the copper contracts more than the platinum,
and the latter occupies the outside of the curve.

NorEe.—By careful attention to the different degrees of expansibility of
metals, a compound bar may be so constructed that its ends shall be the
same distance apart, no matter how much its temperature may vary. This
is the principle upon which the gridiron pendulum and the balance-wheels
of chronometers are constructed.

53. The same principle has been beaun- Fig. 6.
tifully applied to the construction of a
thermometer from solid materials qy
Breguet. This consists of a thin ribbon
of silver soldered to a similar slip of
platinum,and the compound slip of metal
coiled into a helix or spiral. The upper
part of the spiral is fixed to a support,
and the lower end terminates in an index
which plays over a graduated circle, as
exhibited in the figure. Silver is twice
as expansible as platinum. When, therefore, the instrument ig
subjected to an increasing temperature, the unequal expansion
of the two metals causes the helix to coil more closely. Similarly,
when it i.s subjected .to a decreasing temperature, the unequal
contraction of the slips canges the helix to uncoil ; and in either
case the movement is measured by the number of de grees through
which the index passes.

Nore.—When the metallic ribbons are very thin, Breguet’s thermometer
is one of the most delicate and sensitive instruments we Possess ; the
slightest variation of temperature being measured with precision’ and
rapidity.
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54. When hot water is suddenly poured upon a thick plate of
glass, or when the flame of a lamp is directed against it, one
surface becomes hot and expands before the heat penetrates to
the other surface of the plate. As in the case of the compound
bar of metal (Art. 52), we have here unequal expansion, and
the plate tends to curve with the heated and expanded surface
on the outside, but, owing to its inflexibility, it is broken. When
cold is applied to a heated plate of glass, it breaks from the
opposite cause, i. e. owing to the unequal contraction of the two
surfaces.

PYROMETERS.

55. Pyrometers, or fire-measurers, are instruments used for
determining very high degrees of heat. The best is that of
Daniell.

56. Daniell's Pyrometer consists of a tube of plumbago con-
taining a rod of platinum. The tube is closed at one end, and,
as the rod of platinum expands, it pushes forward a tightly
fitting plug or wedge at the other or open end. The extent of
the displacement of the wedge measures the amount of expan-
sion which the platinum has undergone.

57. The air pyrometer of Pouillet consists of a hollow pla-
tinum gphere fitted with an escape-tube. When this instru-
ment is subjected to an increase of temperature, a part of the
contained air is expelled ; and the greater the intensity of the
heat, the greater the amount of air driven out. The expelled
air is received over water, and the temperature to which the
platinum vessel was subjected is thus measured. This pyro-
meter is very accurate and reliable.

58. Another mode of measuring high temperatures is that of
Wilson. This consists in placing a given weight of platinum
in a furnace the heat of whch is to be measured, and, when
it has attained the temperature of the furnace, plunging it in
a given weight of water of known temperature. The intensity
of the heat to which the platinum was subjected, is estimated by
the number of degrees through which it raises the temperature
of the water. .

1
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Thus, suppose that the platinum weighs 1 1b. and that it is plungad it
1 1b. of water at the temperature of 60°, and suppose the temperature of
the water to rise t0 110°, then the increase of temperature of the water is
equal to 50° ; and to convert this into degrees of Fahrenheit we multiply
by 31, because the heat that raises a given weight of water through 1 de-
gree would raise an equal weight of platinum through 31 degrees. Then
50° ¥ 31 == 1550° == temperature of the furnace.

Again if the 1 1b. of platinum raise the femperature of 3 1bs. of water
40°, then 40° X 3 = 120° = degrees through which the 1 lb. of platinum
would have raised 1 1b. of water, And 120° X 31 = 8720° = temperature
of the furnace.

EXCEPTIONS TO GENERAL LAW OF EXPANSION.

59. Certain bodies form remarkable exceptions to the general
law that all bodies expand when subjected to an increasing,
and contract when subjected to a decreasing temperature
These exceptions are—

1st. Type-metal.
2nd. Rose's Fusible Metal.
3rd. Water.

Nore.—When clay is exposed to very high temperatures, it contracts,
and thus appears to be an exception to the general law. In reality, how-
ever, the contraction of the clay is due to the dissipation of the water it
contains ; and although the clay itself expands, the amount of this expan-
sion is more than counterbalanced by the diminution of bulk caused by

. the loss of the water it originally contained.

60. Type-metal, which is an alloy of lead and antimony, ex-
pands as it passes from the fluid to the solid state. This prop-
erty causes it to fill the sharp indentations of the mould, and
thus enables us to cast many hundreds of type in the same
mould, whereas otherwise we should have to shape and cut
each separately. Iron and some other metals possess the same
property.

61. Rose’s fusible metal is an alloy of—

2 parts by weight of bismuth.
1 113 &« €« lead'

1 113 144 141 tin'

This compound expands regularly like other bodies up to
111°. It then rapidly countracts up to 156°, when it attaing its



EXCEPTIONS TO LAW OF EXPANSION. 27

point of maximum density and is less in bulk than at 32°. From
1560 it again regularly expands until it melts at 201°. In cool-
ing, it goes through a similar series of changes.

NoTR.—The sudden expansion which type-metal, iron, and other metals
undergo when passing into the solid form,is accounted for by these bodies:
becoming crystallized and the crystals arranging themselves in angles
across one another. This increase is analogous to the sudden expansion
of water in freezing. Rose’s fusible metal is a chemical compound of such
8 nature that we should almost expect it to be irregular in its expansion.
‘Water is therefore the only well-marked exception to the general law.

62. When boiling water is allowed to cool, it regularly con-
tracts until its temperature is about 392 or 409, at which point
it has attained its maximum density. When cooled below this
point, instead of contracting, it expands. This fact wasvery beau-

‘In cooling In cooling
above 409, below 400,

tifully illustrated by the experiment of Dr. Hope, who carried
into a very cold room a jar containing water of the temperature
of 50° F., and having immersed in the water two delicate ther-
mometers, one at the bottom and one near the surface. As the
water cooled, the upper thermometer indicated a temperature
higher than the lower till the temperature descended to 40°.
In other words, as the surface-water cooled, it became specifi-
cally heavier and sunk. When the lower thermometer had
attained the temperature of 40, it remained stationary until the
upper reached the same point. As the cooling still continued,
the lower thermometer remained steadily at 40°, while the
upper thermometer stillgontinued to fall; or, in other words
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the water became specifically lighter as it became cooled
below 400 F., and therefore continued at the surface.

NoTE~The point of maximum density of water has been ascertained to -
be accurately 39.20 F.

63 The fact that water has & point of maximum density in-
fluences to a remarkable extent the duration of the seasons.
If water followed the same law as other bodies, the upper lay-
ers in our lakes, rivers, ponds, &c., as they cooled, would sink
until the whole reached the freezing-point, when it would
become solid from the bottom upward. The result would be
that our rivers, lakes, and ponds would be converted into
golid masses of ice, and the heat of summer would not, in what
are now the temperate zones, be sufficient to melt them. In point
of fact, however, the upper surface alone freezes; and the ice
thus formed, being a very imperfect conductor of heat, protects
the underlying mass of water from the cold of the atmosphere.

" LECTURE V.
SPECIFIC HEAT.

64. Different bodies of equal weights require different
amounts of heat to raise their temperatures through the same
number of degrees.

Thus if two bottles of the same size, shape, &c. be so placed before a fire
that they shall receive equal amounts of heat from the fire, and one of the
bottles be filled with water and the other with guicksilver,it will be found
that the temperature of the latter will be elevated in a given time twice as
much as that of the former, If equal weights instead of equal volumes be
used, the same amount of heat raises the temperature of the mercury 30
times as much as that of the water. Hence all bodies are said to have
different capacities for heat; thus water is said to have twice the capa-
city for heat that mercury has, bulk for bulk, or 80 times the capacity,
weight for weight.

85. If the heat required to raise a given weight of water
through a given number of degrees of temperature be represented
by 1000, then the heat required to raise an equal weight of any

other body through the same number of degrees of temperature is
termed ifs SPECIFIC HEAT.,
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68. The following table by Regnault gives the specific heat
of various bodies, that of water being 1000 :

TABLE OF SPECIFIC HEATS.

Water oovvvereeenseeeal000 [ Tineeeeeenrenenanenen. 56
Sulphur....cocvvvveeee 203 (I0dine vevenrenvnnnenn. 54
Glass...oovinennnnn. .+ 198 Antimony ....uvevunnns 51
Iron..ooiavennnnnnnae, 114 | Mercury..e..eoveve.se.. 33
Nickel coovvevennnninns 109/Gold uevnvnnnnn.. eees 32
ZinG..cevevsven-uenass 95| Platinum.......... veee 32
Copper «vvvvveinennn.. 95 Lead coeeeenvanens vess 31
Silver.e.e.ieveveiiess 57 Bismutheceivvsesansaae 31

NoTE.~—~From this table it appears that the capacity of water for heat
is 5 times as great as that of sulphur or glass, 9 times as great as that of
iron or nickel, 10 times as great as that of copper or zinc, 18 times as great
as that of silver, tin, or iodine, 30 times as great as that of mercury, aud
81 or 32 times as great as that of gold, platinum, lead, or bismuth.

87. The capacities of different bodies for heat may be deter-
mined in four ways:
1st. By the method of warming.,
2nd. By the method of cooling.
3rd. By the method of melting.
4th. By the method of mizfure.

68. The method by warming consists in exposing equal weights
of different bodies to the same source of heat and observing to
what height their several temperatures rise in a given time.

Thus if iron, silver, platinum, and water be exposed to the same source
of heat, it will be found that the temperature of thoe iron rises 9 times,
that of the silver 18 times, and that of the platinum 31 times as rapidly as
that of the water. Hence, as they all absorb an equal amount of heat, the
capacity of water for heat is 9 times that of iron, 18 times that of silver,
and 31 times that of platinum. So also the capacity of iron is twice that
of silver and 84 times that of platinum.

69. The method by cooling, known also as the method of
Dulong and Petit, gives very exact results, but in practice
requires several important precautions, such as cooling the
bodies in vacuo, &e. It consists essentially in placing several
bodies heated to the sam® temperature in similar circumstances
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and observing the rapidity with which they cool. Those bodies
which, like mercury, have a low capacity for heat and-there-
fore contain but little of it, require far less time to cool through
a given number of degrees than those which, like water, have a
great capacity for heat.

70. The method by melting involves the use of the Calori-
meter, and is frequently spoken of as Calorimetry.

The Calorimeter of Lavoisier, Fig- 8,
consists of three tin vessels, one within
the other. The space between the ves
sels is filled with crushed ice. The body
whose specific heat is to be determined
is introduced into the inner vessel, ¢,
and the amount of heat it contains is
determined by the amount of theice in
the vessel & that it melts. The water
obtained from the melting ice in b passes
through the tube ¢ and is collected and
carefully measured. The object of having
ice in the outer vessel, a, is to prevent E
the external air from melting any of the Fig. 8.
the ice in the middle vessel.

Another form of the Calorimeter consists simply of two blocks of ice fit-
ting accurately one over the other, and the lower one containing a cavity
into which the heated mass is placed.

71. To calculate the specific heat of bodies by the Calori-
meter, we proceed as follows :
Let w = the weight in 1bs. of the body introduced info the Calorimeter,
t = its temperature in degrces of Fahrenheit,
w' = the weight in 1bs. of the ice melted,
& = the specific heat of the body under experiment;

’
Then i f %= the lbs. of ice dissolved by the heat that would raise the
temperature of the body in the Calorimeter 1°.
w . .
7)(—“__———3—2—)— = the 1bs. of ice dissolved by the heat that would

raise the temperature of 1 lb. of the given body 1°.
Then since the latent heat or caloric of fluidity of water is 142°, we have
__w' X 142 X 1000,
7w X (£—32)
INTERPRETATION.—Multiply ihe weight, in lbs., of ice dissolved,
by 142, and this by 1000, and divide the product by the weight of
the given body, in lbs., multiplied by the degrees of temperature
it loses.
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ExAMPLE 1.—1f 6 1bs. of charcoal of the temperature of 752- F, dissolve
6.75 1bs. of ice, what is the specific heat of the charcoal?
' X 143 X 1000__6.75 X 142 X 1000__6.75 X 142 X 1000
T TwX (E—32) b X (752 —32) 5 X 720
EXAMPLE 2.—If 8 1bs. of platinum at the temperature of 932° F. dissolve
6 of a 1b. of ice, what is the specific heat of the platinum P
_ w X 142 X 1000 __ "6 X 142 X 1000 __ “6 X 142 X 1000

=268.25 Ans.

WX =39 —3X(@R—352) — sxow orodns
EXERCISB.
3. If 4 Ibs. of water at the temperature of 245° F. dissolve 6 1bs. of ice,
what is the specific heat of the water ? Ans, 1000,
4. I£ 11 lbs. of mercury at the temperature of 572° dissolve 1.4 1bs of ice,
what is the specific heat of the mercury ? Ans. 334,
5. If 6 Ibs. of sulphur at the temperature of 332° F. melt 2.57 lbs. of ice,
what is the $pecific heat of the sulphur ? Ans, 202'7.
6. If .5 of a Ib. of arsenic at the temperature of 382° F. melts .0998 of a Ib.
of ice, what is the specific heat of the arsenic? Ans. 80°9.

72. The method by mixzture consists in placing in & given
quantity of water of known temperature, & known weight of
any body of an ascertained higher temperature, and, when the
two bodies have attained an equilibrium, comparing the loss of
temperature of the given body with the gain of temperature of
the other.

Thus if 1 1b. of water at 100° F.be mixed with 1 1b. at 50° FZ;’ the \;esult-
ing temperature will be the mean between 100° and 50°, i.e. ———— =75°%;
but if a pound of mercury at 100° be mixed with a pound of water ‘at
50°, the resulting temperature will not be 75, but only about 51.6°, that is,
the 48.4° lost by the mereury only raises the temperature of an equal
weight of water through 1.6°, or, in other words, mercury has only §15th
the capacity for heat that water has.

73. To ascertain the specific heat of any body by the method
of mixture,—that of water being represented by 1000,—we pro-
ceed as follows :

Let w = the weight in Ibs. of the body whose specific heat is to be de-

termined.
¢t = its temperature in degrees F.
w' = the weight in lbs. of the water.
“ ¢ = its temperature.
T —the common temperature after an equilibrium has been
attained.

Then 7' — ¢ = gain of temperature of the 2’ lbs. of water.

t — T==the loss of the temperature of the w lbs. of the other
body. .
s ==specific heat of the body.



32 SPECIFIC HEAT.

Then the heat gained by the water will be its specific heat X w'
X (T — ¢'), and the heat lost by the other body will be its specific heat
X w X (¢— T); or, since the specific heat of water is represented by 1000
and that of the other body by s aud since the heat gained by the water is
just that lost by the other body, we have—

sX w X (t— T)=1000 X w' X (T — 1), and therefore
w' X (T —%') X 1000,
wX (t—1T)

INTERPRETATION.—Multiply together the weight of the water in
1bs., its gain in temperature, and 1000, and divide the product by
the weight of the given body in lbs. multiplied by its loss of
temperature.

NotEe.~—If equal weights of water and of the other body are used, the

rule becomes—
(T —t') X 1000

-7y -

EXAMPLE 1.—1f 1 1b. of copper at 300° F. be plunged into 1 1b, of water
at 50° and the resulting temperature be 72°, what is the specific heat of the
copper ?

Here, since the weights are equal, we have

(T—#¢) X 1000 __ (12—50) X 1000 __ 22 X 2000 __ :
=T~ otz oz - oeddns

ExanmpLE 2.—1f 3 1bs. of platinum at 714° F. be plunged into 7.2 1bs. of
water at 65° and the resulting temperature be 73,5°, what is the specific
heat of the platinum ?

w' X (T'—1¢') X 1000 __ 7.2 X (73.5 — 65) X 1000

s§=

s=

Here s = =
wX (—1T) 3% (714 — 73.5)
__ 7.2 X 85 X 1000 _
= 3 X 6405 —=31.8. Ans.
EXERCISE.

3. If 1 1b. of zinc at the temperature of 490° F. be plunged in 1 lb. of
water at the temperature of 58° and the resulting temperature is
95.4°, what is the specific heat of the zinc ? Ans, 94.6.

4. If 5 1bs. of silver at the tempefature of 809° F. be plunged into 9.5 1bs.
of water at the temperature of 62°, the resulting temperature is83.8°;

. what is the capacity of the silver for heat ? Ans. 57.7.

5. If 5 1bs. of cobalt at the temperature of 481° F. be plunged into 2.14 lbs.
of water at the temperature of 64°, the resulting temperature be
147.4°; what is the capacity of the cobalt for heat ? Ans. 107,

6. If 15 1bs. of iron at the temperature of 1167° F. be plunged into 19 Ibs. of
water at the temperature of 65°, the resulting temperature is 156°;
what is the specific heat of the ironf« Ans. 114,
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74. The specific heat of gases is determined by transmitting a
known weight of the gas under experiment, heated to 212°F,,
through a spiral tube contained in a vessel of water, the tem-
perature of which is carefully noted at the beginning and end of
the process.

75. In determining the specific heats of bodies, if we take equal
weights we obtain a series of numbers all different, and exhibiting
no simple relations among themselves ; but if, instead of equal
weights, we take quantities in proportion to the chemical equiva-
lents or combining numbers of the various bodies, we obtain
a geries of numbers having a remarkably close relation to one
another.

Thus, if we use weights in proportion to their chemical cquivalents, the
table on page 29 will become—

TABLE OF SPECIFIC HEAT OF ELEMENTARY ATOMS.

Note.—From this table, it appearsthat the elementary atoms of the first
nine bodies given have equal capacities for heat and those of the last three
double as much capacity. We may safely conclude that there exists some
intimate, though as yet imperfectly understood relation between the
thermal and the chemical nature of bodies. The same connection has been
found to exist in certain chemical compounds,and, both for elementary
and compound bodies, may be stated as follows:—

In bodies of similar chemical constitution, the specific heats are
in an inverse ratio to their chemical equivalents or to some simple

multiple or submultiple of the latter.

76. The selection of mercury for thermometric purposes was
chiefly determined by its low capacity for heat. Itisonaccount
of its low capacity that mercury is sensitive; i. e., it both warms
and cools rapidly, and hence it promptly follows every change
of temperature.

Note.—The thermometegmeasures only the intensity of heat, while the
calorimeter measures the guantify,—or rather the)quantity above 32° F.,the
melting-point of ice.
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77. The capacity for heat of different bodies increases as they
expand and decreases as they contract; and hence when a body is
suddenly made to expand without the application of heat, its tem-
perature falls because a part of its sensible heat becomes in-
sensible. So also when a body is suddenly condensed its tempe-
rature rises,—a part of its insensible heat becoming sensible.

This is shown very clearly in the case of gases by placing a
delicate thermometer in the air contained in the receiver of an
air-pump. Upon rapidly exhausting the air, the part remaining
in the receiver expands, and as it expands itg capacity for heat
increases; the consequence is that a part of the sensible heat passes
into insensible, and the thermometer sinks. The same principle
explains the action of the nephelescope and the sudden formation
of clouds.

NoTe.—When the volume of a gas is doubled its capacity for heat is
nearly doubled. One volume of air expanded into two volumes loses from 40°
to 50° F.; when one volume is compressed into a } volume, its temperature is
raised 40° or 50° F.; and when suddenly condensed into 1ofs volume, its
temperature is raised sufficiently to ignite tinder.
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LECTURE VI,

CHANGE OF FORM, LATENT HEAT, CALORIC OF
FLUIDITY, MELTING POINTS, THEORY OF FREEZ-
ING MIXTURES.

—

FIRST CHANGE OF FORM.

78. All solid inorganic bodies that, when subjected to an in-
creasing temperature, do not suffer decomposition by the heat,
finally reach a point at which they melt and assume the liquid
form. In this phenomenon two points are to be carefully
noticed, viz. :

Ist. Under the same amount of pressure the melting-point
ig invariably the same for the same body.

2d. When the solid once begins to melt, its temperature
ceases to rise until the whole of the body has assumed
the liquid form; or, in other words, when a body
passes from the solid to the liquid state, it does so by
the absorption of a certain amount of heat.

79. The melting-points of a number of common substances are
given in the following—

TABLE OF MELTING-POINTS.

Iron melts at .. . 2800° F, | Tallow melts at...... 92° F.
Gold “ . 2016° 0il of Anige e 50°
Silver “ . 1878° | Olive Oil “ 36°
Zine “ . T80 Ice C . 82°
Lead o . 5940 Milk O 30°
Bismuth « . 4716° ‘Wines . 20°
Tin “ . 442° Oil of Turpentine «  ...... 14°
Sulphur “ . 3820 Mercury D
Wax e 1420 Liquid Ammonia * .., —46°
Phosphorus *  ......... 108° Ether “ e —47°

Nors.—If the bodies are in the fluid form they frceze upon reaching the
temperature set opposite them,
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80. Water and certain other liquids may, with proper pre-
caution, be cooled down considerably below their freezing-points _
without congealing. Thus if a small quantity of water be placed’
in a glass vessel having a perfectly smooth interior surface, and
protected from the slightest agitation, it may be cooled down to
7° or even 5° F., that is, 25 or 27 degrees below its proper
freezing-point, before it becomes solid. When thus cooled below
32°F., the least agitation or the introduction of a small angular
fragment of any substance at once induces the congealation of
a part of the water, and the temperature of the ice and remaining -
water instantly rises to 32°. It is, however, impossible fo raise
the temperature of a solid the least degree above its melfing-
point without producing liquefaction. Hence 32°F. represents,
not the freezing-point of water, which is variable, but the
melting-point of ice, which is constant,

NoTeE.—In freezing, the particlesar range themselves at certain angles,
and hence arises the sudden expansion which water undergoes in becoming
solid,—an expansion equal to ¥ of its bulk, i. e. 9 cubic inches of water be-
come 10 cubic inches of ice. That the particles of water become dif-
ferently arranged in the act of freezing, is illustrated by the fact that water
in the process of congealation rejects any foreign matter that it may con-
tain. Thus, incorporate with the water any coloring matter, or dissolve in it
any salt, or even the most acrid poison, or mix with it the strongest acid
or any spirituous liquid, and freeze the compound, gently moving or agita-
ting it during the process, and the ice formed will be absolutely pure frozen
water, colorless, tasteless, and harmless. The foreign ingredient, poison,
or acid, or salt, or coloring matter, or spirit, has been forced out of the
water, and will be found concentrated in the centre of the mass ofice.

81. The freezing-point of water may be lowered by dissolving
any salt in it. Common salt is the most effective agent to use
for this purpose, and appears to lower the freezing-point in pro-
portion to the amount of it dissolved. Thus, sea-water, which
contains 35 of its weight of salt, freezes at 28°F., while water
containing } its weight congeals at 4°F.

82. If 11b. of water at 32° be mixed with 1 1b. of water at
174°, the result will be 2 lbs. of water at a temperature the
mean between 32° and 174° i. e, at 103°. But if 1 Ib. of ice
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at 32° be mixed with 1 1b. of watez at 174°, the result will be
2 1bs. of water at 32°; in other words, the 11b. of ice, in passing
fnto the liquid form, absords and conceals 142° of heat.

83. The heat that is thus absorbed by a body in passing into
the liquid state, is discoverable neither by the senses nor by the
most delicate thermometer, and is hence called Latent Heat, from
the Latin lateo, ¢ to lie hid.”

84, The absorption of heat by a body passing from the solid
into the liquid, or from the liquid into the gaseous state, may be
illustrated as follows: Let us suppose that a portion of ice at
0°, contained in a closed vessel, is placed in a furnace the heat
of which is kept so regulated that the ice shall uniformly absorb
1° per minute. For 32 minutes the temperature of the ice will
regularly rise, and at the end of that time will be at 32°. The
ice then begins to melt, and, although it still continues to
absorb 1° of heat per minute, its temperature remains stationary
at 32°, until, at the end of 142 minutes, all the ice is converted
into water, the temperature of whichis 32°F. From this point
the temperature again regularly rises at the rate of 1° per
minute, and this uniform increase goes on for 180 minutes, when
the thermometer indicates a temperature of 212°, and the water
begins to boil, passing into the form of vapour. Now again the
temperature ceases to rise, and for 972 minutes remains fixed at
212°. After the lapse of 972 minutes all the water is converted
into steam at 212°, and the temperature of this steam rises

aniformly 1° per minute.
85. The heat that disappears when a solid assumes the liquid

form is called Caloric of Fluidity ; that which diappears when a
liquid assumes the gaseous state is termed Celoric of Elas-

ticity.
86. The following table shows the amount of heat absorbed
by different bodies in passing from the solid to the liquid state :
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TABLE OF CALORIC OF FLUIDITY.

Water, ...
. Sulphur. ..

FREEZING MIXTURES.

87. All freezing mixtures depend essentially upon the fact
that solid bodies can assume the liquid form only by the ab-
gorption of heat, and hence when this heat is not directly applied
it is abstracted from the surrounding bodies.

Thus, when a salt is dissolved in water it lowers the temperature of the
water. Nitre, for instance, thus reduces the temperature of the water in
_which it is dissolved 15° or 18°, while a mixture of 5 parts sal ammoniao
and 5 parts of nitre finely powdered and dissolved in 19 parts of water,
may reduce the temperature from 50° F.to 10° F., or considerably below
the freezing point.
88. The following table contains a list of the ingredients used
in common freezing mixtures, and also indicates the degree of

cold produced.
TABLE OF FREEZING MIXTURES WITHOUT ICE.

. . Degree of
No. Mizture. Parts.[Thermometer sinks,| cold
produced.

1

Nitrate of Ammonia. ..

1 from +50° to--4© 44°

Water . .......ccovviiiiennnns
Muriate of Ammonia, ............ 5

9 [Nitrate of Potash . } from +50° to-L10°] 40°
Water ......ccoceveern.

5§ |from-+50° to—3° 539

3 Sulphate of Soda. .......
Diluted Nitrie Acid....

Sulphate of Soda. .................. 6

T | L T I
Diluted Nitric Acid.... 4

5 IS\I‘:};I;:?:%? g%:g%}iiéi P g} from +50° to—14°| 64
Diluted Nitric Acid...... 4

6 |y Rrochloric AGd 8} [from+%0° tooe | 5o°
Phosphate of Soda.. .... 5

e e
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TABLE OF PREEZING MIXTURES WITH ICE.
No. Mixture, . - Degree
0 ixture Parts.| Thermometer sinks. of cold.
Snow or Pounded Ice . 2
1 (Common Salt 1} ° to—5° *
. B
Snow or Pounded Ice ........... 5) |8
2 |Common Salt .... 2} g to —12° »
Yal Ammoniac .. 1 g-
guow or lgﬁélded Ice .covvreneens 24y &
ommon 110
3 |Sal Ammoniac . 5} = to —18° *
Nitrate of Potash .| b ‘;
Snow or Pounded Ice . Ji2y |8
4 (Common Salt ....... 5} a to —25° *
5

7} [rom +32° to—30°| 62

3} |trom+s2° to—50°| 20

3} |trom+320 to—51°| sse

5 from 0° to —46° 46°

1} |tromoo to—s6° | es°

10 %lilﬂxv:ed Sulphuric Acid 13} from—66° to—91°)  25°

89. When a body passes from a liquid to a solid state, it gives
up its latent heat. Thus, when water assumes the solid form it
gets free the 142° of heat it had absorbed in liquefying.

This fact can be very clearly shown by placing in a stoppled
bottle a hot saturated solution of sulphate of soda and pass-
ing a thermometer air-tight through a cork, as represented
in the accompanying figure. Upon allowing the solution to
cool to the ordinary temperature, no crystallization takes place
as long as the bottle is closely stoppled ; but upon removing the
stopper, solidification at once takes place, and the temperature
rises, as is indicated by the thermometer,—indeed, if the bottle
be grasped by the hand, it is sensibly warmer than before the

orystallizatiop owmmenced.

Fig. 9.
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8o also if a portion of water containing a thermometer be carefully cooled
below 329, say to 10° or 15° below the ordinary freezing point, upon
throwing a smal] fragment of ice or any other substance in the watera
portion is instantly changed into the solid form, and the temperature of the
ice formed and the unfrozen water rises at once to 32° by the absorption
of the heat disengaged by the part congealed.

90. The fact that water absorbs so large an amount of heat
in assuming the liquid form and gives it up again in freezing,
has a remarkable influence on our climate and the duration of
our seasons. If, by the disengagement of a single degree of
heat, water could assume the solid form, the process of
freezing would go on with fearful violence and there would be
no gradual change from summer to winter; and if, on the
other hand, ice could melt by absorbing a single degree of heat,
the vast accumulations of winter would liquefy so rapidly as to
inundate the entire country.

Both the melting of ice and the freezing of water require time.
The 142° of heat have, in the former case, to be absorbed, and in
the latter case disengaged, and this serves a3 an effectual check
upon sudden transitions from summer to winter or from winter
to summer.

LECTURE VIL

SECOND CHANGE OF FORM, VAPORIZATION—BOILING
POINTS, CALORIC OF ELASTICITY-—-NATURE OF
VAPOURS—ELASTIC FORCE OF VAPOURS—DEN-
SITY OF WATER-VAPOUR—EFFECTS OF PRESSURE
AND COLD ON VAPOURS AND GASES.

91. When any liquid is subjected to an increasing tempera-
ture, it finally reaches a point at which it begins to boil and pass
off rapidly into the state of vapour. In this phenomenon two
points require to be carefully noticed, viz.:

1st. The same liquid, under the same circumstances as re-
gards the pressure upon its surface, &c., invariably
begins to boil at the same thermometric point.
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3nd. When a liquid once begins to boil, its temperature
ceagses to rise until after it has wholly assumed the
form of vapour; or,in other words, when a liquid passes
into the state of vapour, it does so by the absorption of
a certain amount of heat.

93, The boiling points of a number of bodies are given in the
following :
TABLE OF BOILING POINTS.

Hydrochloric Ether....... 62°F. | Nitric Acid. .....ccoerieinnenne 248° F,
Ether. ....ccocvvvereveveerienns 96° Oil of Turpentine............ 814°
Sulphide of Carbon......... 118° Phosphorus. ........ccceceernne 554°
Ammonia.. ..............omne... 140° Sulphuric Acid.............. 620°
Aleohol.......cccvievereeraerans 173° ‘Whale Oil. ............ sosirene 630°
WaLer ........covvvnniernrenenens 212° Mercury.....ouceeirecsnnieernes 662°

98. We have seen (in Art. 84) that water absorbs 972° of
heat in passing into the form of steam or vapour, and it is to the
possession of this large amount of latent heat that we are to
attribute the efficiency of steam as an agent for warming,

Notg.—The caloric of elasticity of steam would be almost sufficient, if
the steam were a solid body, to render it visibly red hot in day light.

94. The latent heat contained in the steam generated by 11b.
of water is sufficient to raise nearly 54 1bs. of water from the
melting point of ice to the boiling point of water.

Thus since 180° of heat are required to raise 11lb, of water from 32° to
212°, the steam generated by 1 lb. of water will raise 972 <~ 180 = 6% lbs. of
water from 32° to 212°,

. NoTE.—When buildings are heated by steam conveyed through them in
cast-iron pipes, it is customary to allow one cubic foot of boiler capacity for
every 2000 cubio feet of space to be heated ; and it is found that of the con-
ducting steam pipe one square foot of surface must be exposed for every
200 cubic feet of space to be heated to the temperature of 75° F.

. 86. From the circumstance that the temperature of bodies
heated by steam can never be raised above 212° F. and that
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consequently all danger of empyreuma is thus avoided, steam is
very much employed for heating extracts, organic substances,
&c., and is much preferable to a fire for that purpose.

96. The amount of heat abgorbed by different liquids in as-
suming the form of vapour is exhibited in the following :

TABLE OF CALORIC OF ELASTICITY.

Water. . .ccooverrvenrererennens 972°F. | Ether.....cccccevrerrvccnrnneeen 162° F,

Alcohol........cccvvvirnnannens 385° Qil of Turpentine, ....... .. 133°

97. The most important features with regard to the nature of
vapours may be illustrated by the following simple experiment:

Fig. 10. A glass tube, a, (Fig.10,) halfaninch in diameter and 20 to 25 inches

long,open at one end and closed at the other,is filled towithin half an
« inch or so of the top, with mercury, and the remaining pace filled
with cther, The thumb is then firmly pressed upon the open end,
the tube inverted and placed in the mercury contained in a jar, b,
having the same length as the tube and a diameter three or four
times as great. The ether at once rises, owing to its superior
levity, and occupies the upper or closed extremity of the tube,
where, the mercury being at the same level in the tube and jar, it
is subjected to a pressure equal to that of the atmosphere. Now if
the tube be raised, &c., the following facts will be observed :

1st. If the tube be raised in the jar as high as possible
without admitting the atmospheric air, a portion of
the ether or other liquid becomes converted into va-
pour and depresses the column of mercury in the tube;
and if different liquids be tried in succession, it will
be found that at the same temperature they depress
the mercurial column to an unequal amount,—water,
for example, less than alcohol, and alcohol less than
ether. Hence,
1. Decreasing the pressure upon the surface of a liquid facili-
Lates its evaporation ; and in a vacuum vapours form instantly, even
at the lowest temperature,

Nore.—Hence, there are many liquids which would, if the pressure of
the air were removed, become permanently gaseous.



NATURE OF VAPOURS. 43

IL. The elustic force of the vapour of different liquids may be
measured by the amount to which they depress the mercurial
column in a barometer tube. Thus at o temperature of 80° F.
water depresses the mercurial column 1 inch, alcohol 2 inches, and
ether 20 inches.

2nd. If the end of the tube be grasped in the hand or slightly
warmed by exposure to the flame of a spirit lamp, the
column of the mercury is still further depressed ; hence,

The elastic force of a vapour increases with its temperature.

3rd. If the tube be warmed to the boiling point of the ether,
or whatever other fluid is introduced into the upper part
of the tube, the mercury is at once depressed to the
same level as that in the jar; hence,

The elastic force of the vapour of any liquid at its boiling point
ts equal to the pressure of the atmosphere, or, in other words, would
sustain @ column of mercury 30 inches in height or is equal to 15
lbs. to the square inch.

4th. If now the tube be allowed to cool, the vapour con=
denses and the mercury rises in the tube ; hence,

A vapour is condensed into a liguid by decreasing its tempe-
rature.

5th. If, in place of cooling the tube, it be depressed in the
jar so as toincrease the pressure on the vapour con-
tained within, a portion of this vapour at once cone
denses and the mercury within the tube constantly
maintains the same level as that in the jar; hence,

I. A vapour is condensed into a liguid by subjecting it to pres
sure ; and

II. A vapour is at itspoint of maximum density when its tempe-
ratureis the same as the boiling point of the liguid from which it
is formed.

98. The elastic force of vapours increages very rapidly with
their temperature,—each vapour appearing to follow a rate of
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progression peculiar toitself. That of water-vapour is exhibited

in the following:
TABLE OF ELASTIC FORCE OF WATER-VAPOUR IN VACUO.

Temperature. Elastic force.

Water at —22°F, depresses the mercury in 2 barom, tube 0°0144 inch.
—40° * g 00331 o

14° “ “ 00818
32° “ “ o181 ¢
500 . “ 03608
680 .“ . 1'684’7 o
86° “ ‘ 02421

1400 “ “ 5.8583 L1

1850 a“° " 7'4808 €«

212° - “ 209220

99. A vapour is said to be at its point of maximum den-
sity when we can neither increase the pressure upon it nor
decrease its temperature without condensing a portion of it
into liquid. We have seen that a vapour may be produced from
a liquid under reduced pressure even at a very low temperature,
but in that case the vapour is, comparatively speaking, very rare.
The vapour is invariably most dense when at the boiling point
of the liquid producing it. The comparative density and weight
of water-vapour, at different temperatures, is shown in the

following :
TABLE OF DENSITY OF WATER-VAPOUR.

Temperature. Density. ‘Weight of 100 cub. in.
212°F 1°000 14962 grains.
160° 0°272 4°076 “
100° 0°074 17118 -

60° 0°022 0°338 “
30° 0°016 0°247 “
32° 0°009 0°138 *

100. The distinction commonly made between a vapour and
a gas, is that the former is more readily made to assume the
liquid form. Gases are divided into those which are perma-
nently elastic and those which are not permanently elastic, and
the only respect in which the latter differ from vapours, is that
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- they require a greater decresse of temperature or increase of

pressure to condense

them.

101. Among the gases which have not as yet been made to
assume the liquid form by the conjoined effects of cold and
pressure may be mentioned oxygen, hydrogen, nitrogen, nitric
oxide, carbonic oxide, coal gas, and atmospheric air. These re-
fused to liquefy at the temperature of —166° F. while subjected
pressures of from 27 to 58 atmospheres.

The subjoined table gives the results obtained by Faraday on
the cold and pressure required to liquefy certain gases:

Tension
of Tem-
Gas vapour in| pera- Remarks.
atmos- | ture.
pheres,
0°726 0°F |Becomes & colorless transpas
Sulphurous Acid.......... 1°530 320 rent crystalline solid body
3°000 68° at —105° F.
1°02 {—100° |Becomes a white crystalline
Sulphuretted Hydrogen 61 ° translucent body, resem-
146 52° bling camphor, at —122°,
1°14 |—111° |Becomes a white non-crystal-
6°97 | —b66° line solid, resembling snow
Carbonic Acid...............|]{ 2284 0° or, more nearly, anhydrous
29°09 15° phosphoric acid, at a fempe-
L 38°50 32° rature of about ~—148°,
Chlorine .........oocervncennee 4 60° [Doesnotbecome solid at—220°,
Nitrous Oxide............... G0 45° |Becomesatransparent crystal-
line colorless solid at --1560°.
125 0% [Becomes a transparent crys-
Cyanogen.........cocoeeersn 237 320 s s —30°,
y2nog! g 600 pos talline solid at —30
2°48 0° |Becomes a white translucent
Ammonia......cooocirinenens 4°44 820 crystalline solid at —-103°,
89 60°
1'8  |=100° IDoes not become solid at the
Hydrochloric Acid....... g 15°04 0° (“lowest attainable tempera-
26720 82° ture.
N —105°
Oleflant Gas . ......cooeeeeee { 246'3 ].'030
Hydriodic Acid ............ 29 0° |Becomes a clear solid, like
ice, at —60°.
Fluo-silicic Acid.......... 9 |—160° [Becomes solid at the lowest
attainable temperature,
0'94 | —75° |Does not become solid at
Arsenuretted Hydrogen 5'21 0° —166°,
13°19 60°
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LECTURE VIIL

EBULLITION—THEORY OF BOILING—MEANS BY WHICH
THE BOILING POINTS OF LIQUIDS MAY BE ELE-
VATED OR DEPRESSED.

102. When some water is placed in a vessel over a fire, small
bubbles of vapour form at the bottom, rige a little way, collapse
and disappear. Asg the process of heating goes on, these bubbles
rise higher and higher, and, at length, reach the surface, where
they escape with bubbling agitation, producing the phenomenon
of ebullition.

103. Lbullition takes place in a liquid, or, in other words, the
liquid boils, just as soon as the elasticity of the vapour-bubbles
is equal to the pressure upon the surface of the liquid, Until the
liquid reaches this point, the bubbles of vapour that form near
the bottom of the vessel havetheirelasticity diminished by loss of
heat ag they rise through the cooler liquid above them, and are
thus unable to maintain themselves, and are consequently crush-
ed in and condensed. Hence the boiling point of any liguid is
that point or degree of temperature at which the elastic force of
its vapour is equal to the pressure of the atmosphere.

104. It follows directly from Art. 103 that we oan artificially
elevate the boiling point of water or any other liquid by in-
creasing the pressure upon its surface. This is well illustrated
by Papin's Digester, which is a vessel so contrived that the
steam never escapes, but, accumulating in the upper part, exerts
a constant and powerful pressure upon the surface of the water.
The vessel is fitted with a safety valve, and in it water may be
heated with facility to 3500 or 400° F. 1In fact it is said that
water may be made red hot in a Papin's Digester and still retain
its fluidity. The chiefuse of the instrument i3 to intensely heat
certain bodies which require a high temperature for their solu-
tion. Thus: bones which resist the action of water at 212° are
reduced to a jelly in the Digester.
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105. Generally speaking, the greater the specific gravity of a
liguid the higher its boiling point, and hence the boiling point
of water may be elevated by dissolving any salt in it. Some
salts appear to raise the boiling point more than others, thus :

Water saturated with common salt (100 water to 30 salt) boils at 224°,

“ “ potash (100 water to 74 potash) “ 238°,
* “ “ chloride of calcium “ 264°.

No1r.—This property is of some practical importance, when it is required
to subject a body to a steady temperature somewhat above 212°,
106. The only modes, then, by which the boiling point of
water may be raised are:
1st. By increasing the pressure upon its surface; and
2nd. By dissolving a salt in it so as to increase its specific
gravity.

It follows that once a liquid boils it can be made no hotter
except by one of these two methods. A thermometer plunged
in boiling water indicates no change of temperature, no matter
how rapidly the process of ebullition may be made to proceed.

NoTE.—This fact is of considerable value in domestic economy. Meats,
vegetables, soups, &c., cook just as rapidly when kept gently boiling as
when placed on a great fire and made to boil with violence ; the unnecessary

expenditure of fuel in the latter case being altogether employed in con-
verting & portion of the water into steam.

107. It is also evident from Art. 103 that by decreasing
the pressure on the surface of a liquid we lower its boiling point.
This may be shown by placing a flask of water considerably
below the boiling point or but little above blood heat, inside
the receiver of an air-pump and rapidly exhausting the air.
After a short time, as the exhaustion becomes tolerably complete,
the water enters into a state of violent ebullition. In Leslie's
process for freezing water (Art. 121), where a first-class air-pump
is employed, the water may be seen boiling and freezing at one
and the same time, or, in other words, it 1s made to boil at 32°F.
The same fact, vis. that decrease of pressure lowers the boiling
point, is very beautifully shown by boiling some water in a flask
and while it is in a state of ebullition firmly corking the flask.
Now if the water be allowed to cool partially and the flask
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be then plunged in a vessel of cold water, the liquid in the flask
again begins to boil with violence, and the colder the water in
the outer vessel the more rapid the ebullition. To understand
the reason of this, we have merely to remember that as the flask
was corked while the water was boiling, the upper part, or the
space between the water and the cork, is filled with vapour, and
that upon plunging the flask into cold water, this vapour is
condensed and thus a partial vacuum produced. The water
then boils from the reduced pressure on its surface, and as fast
as new vapour is generated it is condensed by the external cold
water.

NoTE.—~Mr, Howard’s pateut process for concentrating the syrup of
sugar without scorching and browning it, depends upon the facility with
which liquids are evaporated under reduced pressure. The boilers con-
taining the syrup are fitted with air-tight lids, and the air, and the steam
also as fast as it is generated, is pumped off by a powerful air-pump worked
by a steam eugine. By this process sugar syrup may be boiled at 150° F.

The same process is of great value in inspissating vegetable infusions, i. e.
in reducing them to the state of extracts for medioal purposes ; as by this

means they are obtained without exposure to a very high temperature and
consequent loss of a large amount of the active principle.

108. Since the pressure of the air is greatest at the level of
the sea, and regularly decreases as we ascend into the higher
regions of the atmosphere, it is plain that water must boil at a
lower temperature on elevations than at the sea-level. Thus
travellers assert that at the summits of lofty mountains, water
boils at so low a temperature that meat and vegetables cannot
be cooked. It has been found by experiment that an elevation
of 550 feet lowers the boiling point of water 1°, and Saussure
ascertained the fact that at the top of Mont Blanc water boils
at 184° F. It is also in close agreement with this fact that as
we descend into deep mines the boiling point of water rises
above 212°.

109. The pressure of the air at the level of the sea is differ-
ent at different times, causing the mercurial column in the
barometer to vary from 27-74 to 30-6 inches in length, and this
unequal pressure modifies to a considerable degree the boiling
point of water, as seen in the following table :
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Barometer in inches of mercury. Water boils.
2774

Thus the unequal pressure of the atmosphere causes a differ-
ence in the boiling point of water equal to about 5°, and this
fact must be attended to in fixing the boiling point of water on
& thermometric scale. It is only when the barometer stands
at 29:92 that the boiling point of water is 212°,

110. Besides the variation in the boiling point under increase
of pressure or density, the nature of the containing vessel exerts
a modifying influence. Thus in a rough metal vessel water
boilsat 2129, in a clean glass vessel at 214°, If the glass has been
previously well cleaned with hot sulphuric acid, water may be
heated to 221° before it boils. On the other hand, in a vessel
coated on the inside with sulphur or shell-lac, water boils at
211°. The cause of this phenomenon appears to be but very
imperfectly understood. As in the case when it is cooled
considerably below its common freezing point, the water appears
to be in a condition of unstable equilibrium, and the least agita-
tion or the introduction of an angular body at once induces the
suspended process.
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LECTURE IX.

HIGH PRESSURE STEAM—ELASTIC FORCE OF CON-
FINED STEAM—VOLUME OF VAPOURS—RELATION
BETWEEN THE SENSIBLE AND THE INSENSIBLE
HEAT OF VAPOURS.

111. If the hand or any other part of the body be exposed for a
momentor two to the steam generated by water boiling under or-
dinary circumstances, it is very severely scalded; but, when steam
of high pressure, and which is consequently much hotter than
ordinary steam, escapes through the safety valve of a boiler and
issues into the air, the hand may be, with perfect safety, im-
mersed in it. This singular property of high pressure steam is
explained as follows:

Elastic bodies escaping from a state of compression expand
beyond their original dimensions. They then contract, after-
wards expand, again contract, and thus oscillate, as it were,
within narrower and narrower limits until they finally regain
their normal condition. Now when steam of high pressure
escapes into the air it becomes very greatly expanded, and at
the same time so mixed with air that it is prevented from subse-
quently collapsing. When however steam is mingled with two
or three times its volume of air it becomes low pressure steam,
is not easily condensed, and has its temperature reduced from
250° or 300° to 120° or 130°, and at this temperature is not
sufficiently hot to scald the hand.

112. Ifa portion of steam not accomparnied by water be placed
in a vessel and heated, it does not exert a greater elastic force
than would an equal volume of atmospheric air inclosed and
subjected to the same temperature. But when water js present,
more gteam continues constantly to rise and accumulate in the
upper part of the containing vessel, and, adding its elastic force
to that of the steam previously existing, the pressure becomes
€normous.
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118. The elastic force of steam at temperatures above 212° is de-
termined by means of an arrangement illustrated by Fig.11: a¢isa
stout globular copper vessel placed on astand over the flame of a
gpirit lamp; it contains mercury to the depth of about 2 inches
and over that some water. b is along tube, open at both ends, and
having attached to it a scale carefully graduated in inches. The
lower end of this tube reaches nearly to the bottom of the vessel a,
and dips beneath the surface of the mercury. ¢ pig. 11.
is a thermometer, the bulb of which is placed just
inside the vessel a; and fis a stop-cock. The
water is boiled for some time with the stop-
cock, f, open 8o a3 to expel all the air, and
during this time the thermometer steadily in-
dicates a temperature of 212,° and the mercury
in the tube is at the level of that in the vessel
@, thus showing that steam at 212° has an elas-
tic force equal to the pressure of the atmosphere.
The stop-cock fis now closed, and the steam

’ accumulating in the upper part of the globe
acquires increased elastic force, and, pressing
on the surface of the water and thus on the
mercury, forces the latter to ascend in the
guage-tube, b. For every 30 inches the mer-
cury rigses in the tube, the confined steam is
said to have a pressure or elastic force of
another atmosphere. Thus when the mercury in the tube is at
the level of that in the vessel, the steam hag an elastic force of one
atmosphere. When the mercury in the tube is 30, 60, 90, 120,
&ec. inehes above the level of that in the globe, the steam is said
to have an elastie force of 2, 3, 4, 5, &c. atmospheres.

114. The elasticity of steam, at different temperatures, is ex-
pressed in atmospheres in the following :—
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TABLE OF ELASTIC FORCE OF STEAM.

E:lsotsixc)ilfgrgé. Temperature. A‘ii::,‘;;‘,fg,;;‘ Temperature.

! 212°F. 8 | saUER

it 233°9° 9 | gs0-80’

z 1 250 °5° 10 ‘3 358°3°

2 L s 15 | s

3% { 2851 | I, 25 | 438°8°

4 29370 30 {0 gspon

4 P a0 35 f 227

5 I s ! “© e

¥ ! 2047 45 TRy

7 331°2° 50 i 510-6° ]

115. Equal volumes of different liquids yield very different
volumes of vapour.

Thus under ordinary circumstances:

1 cubic inch of water yields 1696 cubie inches of vapour.
1 « alcohol “ 519 ¢ ¢
1 @ oil of turpentine ¢ 192 ¢ “

116. From Art. 96 (Chem. Art. 46) it appears that the denser
the vapour the less its latent heat. Thus the caloric of elasticity
of water-vapour is 972°, and that of alcohol-vapour 3859, i, e.,
water-vapour has 24 times more latent heat than an equal
weight of alcohol-vapour; but since the specific gravity of
alcohol-vapour is 2} times that of water-vapour, it is manifest
that equal volumes of.the two vapours contain equal amounts of
latent heat.

117. Since the latent heat of different vapours is proportional
to their volume, it follows that the same expenditare of heat will
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generate the same bulk of vapour from all liquids, and hence
no advantage would be gained by substituting any other liquid
for water in the steam engine.

118. Vapours generated at a low temperature contain more la-
tent heat than those generated at a high one. Thus water may be
made to boil in & good vacuum at a temperature of 1009 or 150°,
but the steam produced is much more diffused and rare than
that obtained at 2129, and hence (Art. 77) contains more insen-
sible or latent heat. It has been determined by experiment
that equal weights of steam of all temperatures, when condensed
by water, raise the temperature of the water through the same
number of degrees, or, in other words, the sensible and the insen-
sible heat of steam, added together, amount to a constant
quantity.

From this we may obtain a simple rule for determining the
latent heat of water-vapour at any temperature. Neglecting
the heat which it has at 0° F., the sensible heat of steam at 212°
is 212°, and (Art. 96) the latent heat of steam at 212 is 972°.
Hence the sum of the sensible and latent heat of steam at 212°
is 212° 4. 9720 — 1184°.

Then to find the latent heat of water-vapour at any other tem-
perature, deduct the sensible heat from this constant number
11849, and the remainder will be the latent heat :

Temperature. Latent heat of equal
weights of steam,
0° 1184°— 0°=, 1184°

32°
100°.....

1184°— 32°=
1184°—100° =

. 1152°
. 1084°

1500, . 1184°—150°=. .1034°
212°. . 1184°0—212° = . 972°
250°, . 1184°—250° =, . 934°
3u0°.. . 1184°—800° =, . 8B4°
400°.... 1184°—400° = ...veeeens veviernnsiniones 784°

NoTE.—From this it is evident that no fuel is saved by distilling in
vacuo; for to convert a cubic jnch of water into steam requires the same
amount of heat,no matter what the temperature at which the evaporation

s cffected.
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LECTURE X.
SPONTANEOUS EVAPORATION,

119. It has been remarked (Art. 97) that when some water is
admitted into a vacuum the latter becomes instantly filled with
vapour. The tension of the vapour thus formed depends upon
the temperature, and is measured by the amount of depression it
cauges in the barometric column when admitted into the Torri-
cellian vacuum. Thus at —22°F. it lowers the mercurial column
0-0144 of an inch, at 32°F. 0-1811 of an inch, at 86°F. 1-2421
inch, at 140°F. 5:8583 inches, and at 212°F. 29-922 inches.

120. Evaporation always produces cold, since it requires a
certain amount of heat to convert a liquid into a vapour. This
circumstance may be illustrated by a number of facts.

1st. If some ether be dropped upon the hand and allowed to evaporate
it produces a very decided sensation of cold.

2nd. The pulse glass (Fig.12), which consists of a tube bent twice at right
angles and terminated by a bulb at each end, is designed to show the same
fact. The instrument is filled par- T
tially with alcohol and partially with R
alcchol-vapour. When one bulb is
grasped by the hand, the warmth im-
parted is sufficient to boil the small
portion of the liquid that wets the inside, and as this evaporates and distils
over into the other bulb a sensation of cold is produced.

3rd. If a simall vessel containing water be covered with a cloth kept
moistened with ether, the evaporation of the latter produces sufficient cold
to congeal the water.

121. Leslie’s process for freezing water by its own evaporation
depends on this principle. A little water in a cup is supported
overashallow vessel containing concentrated sulpharic acid and
the whole placed on the plate of an air pump and covered with
45 small a receiver a8 posgible. All that is required is to pro-
duce a good vacuum atfirst. If this be attained and the sulphuric
acid is concentrated, the water-vapour is absorbed by the acid
ag rapidly as it is formed, and the temperature of the water in
the cup soou sinks to the freezing point.
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Nore~Various other bodies, as, for example, chloride of lime, dry
parched oatmeal, dry sole leather, &c., would answer for absorbents, though
not as well as sulphuric acid. When the acid becomes too much diluted
it may be concentrated again by boiling.

122. The Cryophorus or frost-bearer of Wollaston is also employ-
ed to show the congelation of water by its own eva-  Fig. 13.
poration. It consists of a tube terminated in bulbs
as in Fig. 13, and containing nothing but water and
water-vapour. When used, all the water is poured
into the bulb a and the instrument placed upright
with the bulb b in a freezing mixture. The vapour
in the lower bulb is condensed and thus a partial «
vacuum formed, which is immediately filled by a
new portion of vapour from the water in the upper
bulb. By this means a continuous and somewbhat
rapid process of evaporation takes place in the up-
per bulb, and finally the temperature of the water
contained therein ginks to the freezing point.

123. Evaporation into a space filled with air or
any other gas follows the same law as evaporation
into vacuo; the only difference being that in the
one case the space becomes filled with vapour in-
stantaneously, in the other, it requires time. The
quantity of vapour that rises into a portion of space b
occupied by air or a gas, is precisely the same as would have
formed in a vacuum at the same temperature.

If some water be allowed to evaporate into & vacunm at 80° F. it will
lower the mercurial column 1 inch, or, in other words, the tension of water
vapour at 80°F. is ,}; of the usual tension of the ajr. So, if some dry air at
80°F. be placed over water, the vapour which rises will increase the tension
of that air -\ if the air be coufined, or will increase its bulk -'; if the air
be allowed to expand. .

124. Evaporatiou into air goes on at all temperatures; even
in the depth of winter, a large portion of vapour i8 formed
direct from the snow and ice that cover the face of the country.
The rapidity and degree to which this spontaneous evaporation
is carried on depends chiefly on three circumstances :
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1st. The previous dryness of the air.
2nd. Its temperature.
Srd. The rapidity of its movements.

Thus, only as much vapour can rise into a portion of air 48 would rise
into the same space if it were a vacuurm, and hence it is evident that the
amount of vapour that forms and passes into a given amount of air must
depend upon the amount already present in it, or, in other words, upon its
previous dryness, 8o also the higher the temperature, the greater the
amount of vapour that rises ; and finally evaporation is promoted by a wind
which removes the air as fast as it becomes saturated.

125. Humid hot air contains much more vapour than humid cold
air ; hence when a portion of air saturated with moisture has
its temperature lowered, a part of the vapour assumes the liquid
form and is deposited in drops, forming dew.

Many familiar phenomena depend upon the partial condensation of the
vapour present inthe air. Thus when a decanter or other vessel of cold
water is brought into a2 heated apartment it becomes rapidly covered
with moisture. The cold decanter lowers the temperature of the stratum
of air immediately surrounding it, and this, no longer able to retain all its
moisture, deposits a portion on the cold glass. Hence also the deposition
of moisture upon window panes in bed rooms and other apartments in
winter. From the same cause when a warm thaw occurs after a severe
frost, brick and stone walls are covered with a profusion of moisture.

126. Hygrometers and Hygroscopes are instruments designed
for measuring the amount of vapour in the air at any particular
time.

127. Saussure’s Hair Hygrometer is represented in
Fig.14. It consistsessentiallyof a human hair freed from
grease by immersion in sulphuric ether. This prepared
hair is fixed by one end to a hook in the lower part of
the frame, is then passed over a pulley carrying the
index, ¢, and is attached by the other extremity to a
delicate spring, b. As the hair becomes moist it
lengthens and the spring b contracting draws it over
the pulley and thus moves the index to the right; again,
as the hair dries, it contracts and thus moves the
index in the opposite direction,
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128. Another mode of determining the amount of __F
vapour in the air is by means of the Psycrometer, or
wet-bulb thermometer. This consists of two deli-
cate thermometers attached to a frame (Fig. 15),
one having its bulb covered with muslin kept con-
stantly moistened by water which passes along the
string in connection with the reservoir. Evapora-
tion produces cold, hence the wet-bulb thermo-
meter indicates a temperature lower than the dry-
bulb thermometer, in proportion as the evapora-
tion is more or less rapid. If the air be very dry
this process is very rapid and the wet-bulb ther- |_
mometer indicates a temperature much lower than |§
the other ; if, on the other hand, the air be satura-
ted with moisture no evaporation takes place and
the thermometers both indicate the same tempera-
ture.

129. The dew-point is much more easily determined by means
of Daniell's Hygrometer. This instru-
ment consists of a tube terminated in
bulbs, as represented in Fig. 16, and
containing nothing but ether and ether-
vapour. The bulb e is covered with
muslin, and the bulb b contains a
delicate thermometer. The instrument
acts upon the principle of the Cryo-
phorus. When an observation is to be
made, the muslin about ¢ is kept
moistened with ether, which by its
evaporation produces cold. The va-
pour contained in a is thus condensed
and evaporation of the ether in b pro-
moted. By this means the temperature
of b is gradually lowered, and finally
reaches the point at which the sur-
rounding air purts with_a portion of
its moisture and deposits it as dew
upon the cooled glass,

Fig. 18.
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LECTURE XL .
SPHEROIDAL STATE OF MATTER.

130. If into a red-hot crucible we pour a small quantity of water
and continue to keep the crucible intensely heated, the water
assumes the form of a sphere, and, gliding with a peculiar rota-
tory motion over the bottom of the capsule, evaporates very
slowly and without ebullition ; in other words, it does not reach
its boiling point, and in fact does not become sufficiently hot to
scald the hand if thrown upon it. The water when in this condi-
tion is said to be in the spheroidal state. Now, if the crucible be
allowed to cool, as soon as it has reached a temperature not
more than 75%0r 80¢ above the boiling point of water, the sphe-
roidal condition is lost and the liquid begins to boil with explo-
sive violence, being rapidly dissipated in steam.

Note.—This is explained by supposing that at a very high temperature
that species of attraction which water has for the surface of almost all
solids gives places to a sort of repulsive action. Hence when water is
dropped upon an intensely heated surface, it does not come in contact
with it, but becomes surrounded by an envelope of steam or vapour of high
tension, which, being a very imperfect conductor of heat, tends to retard
the passage of heat to the liquid ; but when the temperature of the surface
declines, the tension of this vapour is lessened, and at the same time the
repulsive action between the heated surface and the water is diminished,

the heat is rapidly transmitted to the liquid, and it suddenly bursts into
ebullition,

NoOTE 2,—A rude method of testing the heat of smoothing.irons is based
upon this principle. A drop of saliva is thrown upon its surface, and if the
iron be sufficiently heated the drop glides over it without wetting it, but
if not hot enough it adheres and rapidly boils off.

131. Other liquids besides water may be thrown into the sphe-
roidal state, and the temperatures at which they pass into this
condition are proportional to their boiling points. In the fol-
lowing table the first column gives the name of the sub-
stance, the second its ordinary boiling point, the third the tem-
perature at or above which the heated surface must be in
order to throw the liquid into the spheroidal state, and the
fourth column, the temperature, as indicated by a thermometer,
of the liquid while in the spheroidsl state.
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Water. i st 212°F, 288° F. 208° F.
Alcohol,. 173° 278° 168°
Ether, ......., et e et carenae s 96° 142° 03 5°
Hydrochloric Ether,.....ccccovniveenanne 52° 51°
Sulphurous Acid,..........cvnenreue v 14° 13°

The numbers in the fourth column are in all probability
somewhat too high on account of the difficulty of preventing
the thermometer from being influenced to some extent by the
heat radiated by the heated surface. We may safely infer
that :

The temperature of a liquid in a spheroldal state is invariably
some degrees below its boiling point,

132. The spheroidal state of matter was first examined by Lei-
denfrost in the year 1756, and has since been extensively inves-
tigated by M. Boutigny. According to the definition of the
latter,

A body is said to be in the spheroidal state, when its temperature
remains unchanged while resting on a surface with which it has no
actual contact, and the temperature of which surface may be raised
indefinitely.

NoTE.—When a drop of liquid is in the spheroidal state on a flat surface,
that there is no contact is proved by the fact that the light of alamp is
visible between the spheroid and the metal plate. Concentrated nitric
acid does not, while in the spheroidal state, act upon the hot silver or other
metallic surface upon which it rests, although it instantly attacks and
corrodes the metal it sufficiently cold. Acids and alkalies may be thrown
together into an intensely heated platinum crucible and no chemical
action ensues; the two bodies, forming themselves into separate globules
roll around, singularly repelling each other.

133. All bodies are capable of assuming the spheroidal state,
and when in that condition possess the remarkable property of
reflecting nearly all the heat that is radiated to them.

134. Taking advantage of the fact that the temperature of
liquids in the spheroidal state is always some degrees below the
boiling point, Faraday has succeeded in freezing water, and
even mercury, in a red-hot capsule,
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Thus if into a capsule heated to redness, or better still to whiteness, some
liquid sulphurous acid be thrown, it passes into the spheroidal condition,
and reaching only the temperature of 13° F. slowly evaporates. Now when
some water is permitted to drop gradually into the spheroidal acid the
latter rapidly abstracts from the water-drops the heat they contain, and,
thus reducing their temperature, freezes them.

In order to congeal mercury a small capsule filled with it is plunged
into a mixture of solid carbonic acid and ether in the spheroidal state
contained in a red-hot crucible. The mixture of carbonic acid and ether
abstracts heat from the mercury, and the latter is,in a few moments,
thrown out from the glowing crucible a solid frozen mass,

135. It has been proved by numerous and repeated experiments
that perfect immunity from the caloric of intensely heated
bodies may be gecured by previously wetting the part to which
the application is made with water or some more volatile fluid.
Thus if the hand be moistened with ether or alcohol, it may be
safely plunged into boiling water, or if it be moistened with
either of these or with water it may be dipped into molten lead
or iron without being burned. It is even said that when the
bhand bas been previously moistened with liquid sulphurous
acid, & sensation of cold is experienced while it is immersed
in the glowing metal.

NoTE.~—This is explained by the fact that when the moistened hand is
plunged into the melted metal the moisture slowly passes into the state of ~
vapour and forms a species of non-conducting glove around the hand. The

dry parts not immersed suffer much more from the radiated caloric than
do the parts actually dipped beneath the surface of the metal.

136. The trial by ordeal of walking on hot plough-shares,
frequently employed in the Middle Ages as a test of guilt, was
always successful if the plough-shares were sufficiently hot, i. e.,
if they were heated above the temperature of 400° or 500° or if
they were red hot, because then a cushion of vapour was formed
between the foot and the iron and effectually protected the
former from injury. Butif the iron were only heated to 200°
or 250° the foot came in direct contact with it and was severely -
burned. The same explanation holds with regard to passing a
bar of red hot iron across the tongue,—a feat often exhibited by
blacksmiths,

Te
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APPENDIX TO HEAT.

SOURCES OF HEAT.

137. TrE SuN.—The amount of heat annually received by
the earth from the sun, has been estimated to be sufficient ta
melt a stratum of ice 101 feet thick. -

The atmosphere is supposed to absorb 40 per cent. of the heat
of the sun's rays.

The total heat emitted by the sun is 2381 millions times as
great as that received by the earth.

The heat at the surface of the sun is seven times as great as
that of a blast furnace, the temperature of which is certainly
not less than 3500° F.

138. Tep Stars.—It i3 estimated that the fixed stars (all of
which are suns) furnish to the earth an amount of heat equal to
four-fifths of that supplied by the sun, and that without this
auxiliary source of heat neither animal nor vegetable life could
exist upon the earth.

139. Tae Earra.—The temperature of the earth's surface is
not uniform but decreases from the equator to the poles.

The temperature falls as we ascend, and also as we descend
to & certain point which is variable, but which is no where more
than 100 feet below thesurface. Ata distance of from 40 to 100
feet below the surface, the temperature remaing unchanged,i.e. is
always the same a3 the mean temperature of the surface. Even
at the moderate depth of 4 or 5 feet (covered) the thermometer
ceages to mark the daily range of temperature. At a distance
of from 40 to 100 feet, below the surface, the internal and exter-
nal heat may be said to be balanced.

Below this stratum of constant temperature the thermometer
rises 1°F. for every 60 feet descent. This is proved by various
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circumstances, as descent into deep mines, Artesian wells, the
oceurrence of thermal springs, &e.

It follows that at a very moderate depth water would boil,
metals would melt, rocks would fuse, and the hardest substances
in nature would become converted into a red hot liquid mass.

The distance in which this latter occurs is variously estimated
atfrom 21 to 100 miles. We may safely conclude that the crust
of the earth is not more than 50 miles in thickness or ¢ of the
earth’s radius ; but it is not everywhere of the same thickness, as
is proved by the fact that the temperature rises much more rapidly
as we.descend in some places than in others.

The temperature at the earth’s centre must be inconceivably
great, It has been estimated at 450000° F. (A temperature of
120000 F, melts the hardest known substances.)

Hence we must regard the earth as a mass of molten fire with
a comparatively thin enveloping crust (comparable to the skin
of onion) on which we all act our varied parts unconscious of the
fire which rages beneath us.

The internal heat radiates so slowly to the surface, that its
effect i3 scarcely perceptible, not raising the thermometer more
than -1; of a degree Fahr.

The internal heat received by the surface in the course of a
year would melt a crust of ice } of an inch in thickness, (M. de
Beaumont), while the absolute quantity of heat received by the
earth’s surface annually from the sun, would melt a crust of ice
161 feet in thickness. (Puillet.)

The cooling of the earth’s crust was much more rapid formerly
than now, and consequently, the incredse of temperature in pro-
portion to descent was much greater. It has been estimated
that more that 30,000 years would be required to lessen by one-
half the present rate of increase, i. e. to reduce the increase for
every 60 feet descent from 1° to jo F,
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140. ExTREMES 0F TERRESTRIAL TEMPERATURE.—Captain Parry
records a temperature of—59° F. at Melville Island in 1819;
Captain Black at Fort Reliance, Lat. 60° 46’ N. a temperature
of—700 F.; Dr. Smith records a temperature of 1140 F. in the
shade, and 144° F. in the sun, at Mosul, near Bagdad. Thus the
range in the shade is about 2009 in different latitudes. In this
latitude there is often a difference of more than 100° F. between
the maximum of summer and the minimum of winter.

141. Cuemicar AcrioN.—Equivalents of the different acids
combining with the same base produce the same quantity of heat.

Equivalents of different bases combining with the same acid,
produce different quantities of heat, the most powerful base
"evolving the most heat.

When 4 neutral salt is converted into an acid salt there is
no disengagement of heat.

When a neutral salt is converted into a basic salt there is a
disengagement of heat (Graham, Hess, and Andrews.)

142. ANiMAL AND VEGETABLE HEAT.—The temperature of orga-
nised beings is generally higher than that of the medium in which
they live. This vital heat is developed by the so called wvital
action which is merely another name for chemical action occur-
ring witbin the body of the plant or animal.

In birds and mammals, the heat evolved is sufficient to
maintain the temperature of the body at from 90° F. to 100° F.; in
the cold blooded animals less heat is generated, but the blood is
always a few degrees warmer than the surrounding medium.

The temperature of plants is usually about 1 higher than the
surrounding air, but in some exceptional cases, as for example
when just expanding their flower buds, the temperature may be
500 or 60° above that of the air.

143. Heat and mechanical force, like force and velocity are
mutnally exchangeable terms. Thus a given amount of heat
will perform a certain amount of work, and a certain amount of
force as friction, or percussion will supply a definite amount of
heat.

For instance, the mecha.nica?l effect produced by the combustion of one
bushel of coals weighing 84 Ibs., is sufficient to raise 120,000,000 1bs. one foot.
(See Parf 1, Arts, 163, 168.)



LIGHT.

LECTURE XII.

THEORIES, DEFINITIONS, PHOTOMETERS AND
PHOTOMETRY.

144. Two Theories have been advanced by philosophers, with
respect to the nature of Light :

1st. The Corpuscular Theory of Sir Isaac Newton.
2nd. The Wave Theory of Huygens.

145. The Corpuscular Theory, theory of emission, or Newto-
nian theory, assumes that all luminous bodies are constantly
emitting or throwing out infinitely small particles of their sub-
stance, and that these moving with exceeding great velocity
penetrate the transparent coats of the eye and falling upon the
nervous tissue produce the sensation of light.

1468. The assumptions in the Wave Theory are chiefly two,
viz :—
1st. That all space is filled by an extremely rare elastic fluid
or medium called the luminiferous ether.—This ether is
supposed not only to fill the space above and beyond the
atmosphere and extending out to the sun, and planets,
and fixed stars, but also to penetrate the atmosphere
and even the densest liquids and solids occupying their
intermolecular spaces.

2nd. That the particles of a luminous body arein a state of per-
petual and very rapid vibration, and that these vibrating
particles impinge upon the luminiferous ether and produce
in it a series of undulations or waves which moving with'
greater or less rapidity strike upon the retina and there-
by give rise to the sensation of light.
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147. It will thus be observed that the corpuscular theory re-
gards light as acting upon the optic nerve in a manner analogous
to that in which odorous bodies act upon the olfactory nerve, '
while the wave theory explains the action of light upon the
optic nerve as being similar to that of sound upon the auditory
nerve.

148. It is not absolutely necessary to pin our faith to either of
these theories in order to acquire a tolerably clear idea of the
principal facts in the science of light. The wave theory is the
more generally adopted at the present day, because it affords a
" clearer and more simple explanation of many phenomena as is
proved by the researches of Fresnel, Young, Fraunhofer, Herschel,
and others ; yet a large number of very remarkable facts are
not clearly elucidated by the undulatory hypothesis aad the
corpuscular theory of Newton, developed by Laplace and Biot,
and supported by Brewster and Brougham, is capable of afford-
ing an explanation of some luminous effects which do not appear
to be the result of undulations.

DEFINITIONS, &c.
119. Light is that which enables us to see bodies.

150. All visible bodies are divided into:

1. Self-luminous bodies.
II. Non-luminous bodies or Illuminated bodies.

151. All self-luminous bodies discharge, and all illuminated
bodies reflect light of the same color as themselves.

152. Light is emitted from every visible point of a luminous
body or of an illuminated body in every direction in which the
point is vigible.

153. Light moves in straightlines, and consists of sepamte and
distinct parts called rays of light.

184. A ray of light is the smallest portion that we can either
stop or allow to pasa.
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155. A pencil of light consists of a greater or smaller number
of rays.

156. Transparent bodies are those which allow solarge a quan-
tity of light to pass, that objects are distinctly visible through
their substance.

157. Opaque bodies are those which do not permit light to
pass through their substance.

158. Translucent bodies are those which are semi-transparent
or which allow a measure of light to pass but not sufficient to
enable one to discern objects through them.

159. When an opaque body is placed before a luminous one,
the rays of light proceeding from the latter being unable to pass
through it or to bend round it are more or less completely inter-
cepted, and the result is the production of a shadow on that
side of the opaque body remote from the source of light.

160. If the luminous body be one of any cousiderable magni-
tude, the shadow projected by the opaque one consists of a
central part, totally devoid of light, called the umbra, and an
external shell of partial obscuration called the penumbra.

161. If the luminous body be a mere point, there is no shading
off from the dark umbra to the illuminated portion; in other
words there i3 no penumbra.

162. A body always casts a shadow having the same geo-
metrical outline as itself.

163. If the opaque body be a sphere and be placed before a
lnminous body having some considerable magnitude :—then

1st. If the opaque body be of the same size as the luminous body,
the shadow will be cylindrical and extended to infinity.

2nd. If the opaque body be smaller than the luminous, the sha-
dow will be convergent, and the rapidity with which it

converges will depend upon the distance between the
opaque and luminous bodies ; and
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3rd, If the opaque body be larger than the luminous body, the
shadow will diverge, and the rapidity of its divergence
will depend upon the distance between the luminous and
opaque bodies.

PHOTOMETERS, &o.

164. The illuminating power of a light depends upon several
circumstances.
1st. The absolute intensity of the light.
2nd. The color of the light.
3rd. The magnitude of the luminous surface.
4th. The distance of the luminous body from the object illumi-

nated.
5th. The angle at which the rays of light fall upon the object.
6th, The degree to which the rays are absorbed in passing
through the air, &c., &c.

165. Photometers areinstrumentsdesigned to measure the rela-
tive intensities of different lights, and depend essentially upon
the principle that the illuminating powers of lighis of the same
absolute intensity and baving equal magnitudes vary inversely
as the square of the distance between the light and the object
illuminated.

166. The methods of photometry commonly employed, are :
1st. Rumford’s method, by comparison of shadows.
2nd. Ritchie’s method, by comparison of illuminated surfaces.
3rd. The method by extinction of shadows.

167. Theapparatus necessary in Rumford’'s method consists of
a white screen.and a small opaque rod. It proceeds upon
the principle that when two lights hoth cast a shadow of the same
opaque body, the more intense light casts the deeper shadow.—
The lights are placed in such a manner that the two shadows of
the rod, which are cast so as to be in juxta-position, are of the
same depth or intensity, when the illuminating powers of the
lights are compared by comparing their distances from the
rod. Thus, the magnitude of the lights being the same—if they
are equally distant from she rod their intensities are equal—if
the one be twice as remote a3 the other its intensity will be four
times ag great, &c.
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168. Ritchie's Pho- Fig. 17.
tometer, Fig. 17, con-
sists of a box a b about
8 or 10 inchesinlength
and 1inch in diameter,
and having in the mid- A
dle a small triangular f
wedge with its sides, |e
m s, m g,inclined at an
angle of about 45 de- :
grees to the bottom. This wedge is neatly covered with white
paper. At the summit of the box there is a conical tube having
an aperture d to which the eye is applied. The lights to be
examined are placed at / and I’ and are altered in position until
both surfaces of the wedge s m g are equally illuminated, when,
as before, the illuminating powers of the lights are as the squares
of their distances from the central point m.

169. The method by extinction of shadows depends upon the
following principle : If an opaque object is placed between a
luminous body and a screen it casts a shadow. Now if a second
light be introduced it may be so placed with reference to the
screen as to just obliterate all trace of the shadow. The
intensities of the lights are then as the squares of their distances
from the screen.

LECTURE XIII.

DECOMPOSITION OF LIGHT, NEWTON'S SPECTRUM,
BREWSTER'S SPECTRUM, CALORIFIC RAYS,
ACTINISM, FRAUNHOFER'S SPECTRAL LINES.

170. White light as emitted from the sun or any luminous
vody is a compound of differently coloréd lights, and may be

decomposed, analysed, or separated into its elementary parts
by two methods, viz :=

1st. By Refraction.
2nd. By Absorption.
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NEWTON'S SPECTRUM.

171. Light is decomposed by refraction by placing a triangu-
lar glass prism opposite a small hole perforated in the shutter
of a darkened room, and causing the admitted ray to fall, after
passing through the prism, upon the wall or a screen.

TFig. 18.

172. When aray
of light is thus de-
composed, it sele-
mentary constitu-
ents arrange them-
selves on -the
screen, S0 as to
form an elongated
colored figure,
called the Pris-
matic Spectrum.

Thus, S H is a ray of white light passing through a small hole in the
shutter, £ F, and then through the triangular glass prism, 4 B C. The
beam of light, instead of passing on in a straight line to 2, is bent out of its
course and dispersed into a spectrum, X L, exhibiting the seven prismatic
colors,

173. The order of colors in the prismatic spectrum is com-
mencing with the least refrangible ray, as follows :—

Red.

Orange.

Yellow.

Green.

Blue.

Indigo.

Violet.

174. The cause of the dispersion of light in the prismatic spee-
trum is found in the unequal refrangibility of the different colors.
Thus red being nearest the line of direction of the originul ray
of white light, is said to be the least refrangible, while violet,
the most remote, is called the most refrangible color.

F
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Nork.—The whole length of the spectrum and also the relative lengths
of the colored spaces differ with the substance of which the prism is made
—depending upon what is called the dispersive power of the body.

175. The colored spaces in the spectrum are not all equally
long,—and indeed it is a very difficult matter to detect the boun-
dary line between any two adjacent colors. After many trials,
however, Newton and Fraunhdéfer have determined the lengths
of the colored spaces to be as follows :—

MAGNITUDE OF COLORED SPACES.

R o Y G B I v

Newton....| 45 27 40 60 60 48 80
Fraunhéfer.| 56 27 27 46 48 47 | 109

NotEe.—The spectrum was in each case supposed to be divided into 360
equal parts, and Newton’s numbers are for a crown.glass prism, while
Fraunhofer’s are for a prism of flint glass,

176. If a second prism, a B A4, of precisely the same kind, be
applied to the first, B.A C, asindicated in Fig. 18,/the seven pris-
matic colors are recompounded into ordinary white light ; and the
beam of light thus produced passes on to P, the point on which
it would have fallen bad no prism whatever been interposed.

So if a circular disc of card-board be Fig. 19.

divided into colored spaces, as in Fig. 19, 212 40

and be made to rapidly rotate upon its olY

axis, the colors, if pure, blend into one & s

another and produce white light. Simi- 5/ R

larly,impalpable powders of the different

colors may be mixed together so as to \ iV

appear white or greyish white. %,\ ! £
30

177. The illuminating power of the spectrum ig grea.t:st in the
yellow space, and decreases towards either end. Thus, represent-
ing the maximum illuminating effect, as in the yellow, by 1000,
we have the following :—
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TABLE OF ILLUMINATING POWERS.

R 0o Y G B I v

94 640 | 1000 | 480 170 31 6

178. By placingdelicate thermometers in the differently colored
portions of the spectrum and allowing them to remain until
each color had exerted its maximum effect, Herschel discovered
that the calorific rays of greatest intensity are accumulated out-
side the spectrum, a little beyond the red space. "Sir Henry
Englefield subsequently determined the heating powers of the
different colors to be as follows :—

Blue, 56°
Green, 58¢
Yellow, 620
Red, 720

Beyond Red, 79

NoTE.—The thermometer fell again to 72¢ when returned into the red
part of the spectrum,

179. The place of maximum chemical effect in the spectrum
may be determined by casting it on a sheet of paper imbued
with chloride of silver, when it will be found that the discolora-
tion is most rapid and complete in, or rather beyond, the violet
band, and thence decreases to the red extremity. The difference
of chemical or actinic power is also observed when small bottles
filled with a mixture of chlorine and hydrogen are simultaneous-
ly immersed in the colored spaces. The chemical rays possess
the power of causing these gases to combine with explosive vio-
lence ; and it is found that this effect is produced most rapidly
beyond the violet extremity of the spectrum, in what Herschel
terms the lavender band, and that actinism is scarcely at all
manifested beyond the yellow portion of the spectrum.

180. When light is admitted into a darkened room through a
slit or fissure in the shutter not more than one thirtieth of an inch
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in width, the spectrum formed by the interposed prism is found
to be crossed by numerous black lines which invariably main-
tain the same position with respect to the colored bands. These
lines were first discovered by Wollaston, but were more carefully
cxamined by Fraunhéfer of Munich, who enumerated 354. Subse-
quently, Sir David Brewster determined the existence of 2000,
and he has inserted that number in his map of the solar spectrum.
None of the lines exactly correspond with the boundaries of the
colored spaces.
Fig. 20.

181. From their distinctness, seven of the lines Vi
alluded to are much used as land-marks or points of
reference, and are distinguished as the spectral lines |__|y
B, C, D, E, F, G, H, of Fraunhofer.

Of these, B lies in the red near its onter margin; Cisabroad
black line beyond the middle of the red; D is a strong double

line in the orange ; FE is in the green; Fis a very strong line in
the blue ; G isin the indigo, and H in the violet.

NoTE.~These lines are of great use in enabling us tomeasure |—|E
accurately the refractive and dispersive powers of different
bodies.
BREWSTER'S SPECTRUM. - 8
—I|B

182. When a beam of white light is transmitted
through a piece of blue glass, the transmitted light is R
of a blue color. This blue, however, is not a simple homogeneous
color, like the blue of the spectrum, but is composed of all the
colors of white light which the glass has not absorbed. When
we interpose a piece of glass of this description between the
prism and the spectrum, the latter is found to be deficient in a
certain portion of its colored rays. Thus the glass is found to
have absorbed a great part of the red, the whole of the orange,
most of the green, a considerable part of the blue, less of the
indigo, and very little of the violet. In the spectrum, the
yellow, which isscarcely at all absorbed, is found to extend over
the space formerly occupied by the orange on the one side and
the green on the other. Hence, by absorption, orange light has
Leen decomposed into red and yellow, and green light into yel-
low and blue.
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183. From repeated observations on the absorption oflight by
different colored media, Brewster has come to the conclusion
that the solar spectrum consists of three superimposed spectra of
equal lengths, viz, :—

1st. A Red Spectrum.
2nd. A Yellow Spectrum.
3rd. A Blue Spectrum.

The maximum of the primary red spectrum is about the mid-
dle of the red space of the solar spectrum ; the maximum of
the primary yellow spectrum is in the middle of the yellow space;
and the maximum of the primary blue spectrum is in the boun-
dary between the blue and indigo spaces. The two minima
of each of the three primary spectra coincide at the two extre-
mities of the solar spectrum.

184. The coloration of the different parts of the solar spec-
trum is accounted for by Brewster's theory as follows :—

I. Red, yellow, and blue light exist in every part of the
spectrum.
II. A certain portion of these three primary colors combine
80 as to form white light in every part of the spectrum.
IIT. In the red space there i3 more than a sufficiency of red
light to produce white light by combination with all
the yellow and all the blue, i. e. surplus or uncombined
red rays produce the characteristic color of that por-
tion of the spectrum.

IV. At the space next above the red, all the blue light is com-
bined with a part of the yellow and a part of the red
to form white light, and the surplus red and yellow
unite to produce orange.

V. In the yellow band, all the red and all the blue combine
with a part only of the yellow to form white light, and
the remaining yellow colors the space.

VI. In the space next above the yellow, all the red neutralizes
a portion only of ¢he yellow and of the blue, and the
surplus of these two colors combine to form green,
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VI1I.

IX.

X.

ABSORPTION OF LIGHT.

In the blue portion, all the red, nearly all the yellow, and
s small part of the blue or more properly of the indigo
combine to form white, and the remaining indigo
unites with the remaining yellow to produce blue light.

The indigo band is produced by all the red and all the
yellow, requiring & small portion only of the indigo for
the production of white light.

In the violet space, there is rather more red than yellow,
and the surplus red combining with the indigo, or the
so called blue, produces violet light.

By absorbing at any point of the spectrum the excess of
any color above what is necessary to produce white
light, we may cause white light to appear, and this
white light cannot be decomposed by refraction.

. Representing primary red light by the letter R, primary

yellow by Y, and primary blue by B, the proportions of
these primary colors that enter into the composition of
different parts of the spectrum are as follows : —

COLOR. PROPORTION OF PRIMARY RAYS.

White ......... N crenss 20R+ 30Y+50B
Red..oovvviviviiiiiaiinee, 8R

Orange ......coovovvievane . TR4+ 1Y
Yellow....... reteiiaseiaae 1Y
Green........... Cerieeniaas 10Y410B
Blue........ tesiraese e ves 6Y 4+12B
Indigo......vvavinnnnnn. vee 13B

......... . 5R + 15B

LECTURE XI1V.

ABSORPTION OF LIGHT, NATURAL COLORATION OF
BODIES, COMPLEMENTARY COLORS.

ABSORPTION OF LIGHT.

185. When a ray of light falls on a surface, it may be either

Absorbed,
Transmitted, or
Reflected.
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Commonly, however, it happens that the light thrown on a
surface is partly absorbed, partly transmitted,and partly reflected,
or partly absorbed and partly reflected.

186. Bodies differ very greatly in their capacity for absorbing
common light ; but even the most transparent, as air and water,
absorb some, and the amount ahsorbed increases with the thick-
ness of the stratum of the transmitting medium through which
the light passes.

Thus, on the summits of lofty mountains many stars are visible which are
never seen ou the plains below ; and objects are not visible through depths
of water exceeding thirty or forty feet, even when remarkably clear.

187. In the following list the bodies decrease in absorptive
power from the first to the last:—

Charcoal Rock Crystal

Coal Selenite

Hot Nitrous Acid Gas Glass

Metals Mica

Black Hornblende Water and transparent fluids
Black Pleonaste Air and colorless gases.
Obsidian

NoTE.~—Charcoal in the form of gas or flame, and in 2 particular form of
aggregation as in the diamond, is transparent. Also some of the metals, as
gold and silver, are translucent in thin films—gold transmitting green and
silver blue light.

188. Several hypotheses have been advanced to account for
the phemomenon of absorption, but none have, as yet, been
deemed very satisfactory. The principal are the following :—

1. That the particles or rays of light are actually stopped
by the particles of the body, and remain within it, in
the form of imponderable matter (Brewster).

II. That the light is lost within the body by the interference
of the different parts of the ray, which after taking two
routes of differentdengths meet again in a condition to
interfere (Herschel).
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ITI. The absorption of light arises from the multitude of re:
flections in the interior of the body (Newton).

NATURAL COLORATION OF BODIES.

189. Ink, black pleonaste, obsidian, and some other bodies
absorb all the colors of the spectrum equally; but, as a general
thing, the different colored rays are not absorbed in equal
proportions. Hence arises the natural color of bodies.

190. The principal points to remember in regard to the causes
of the reflected colors of bodies are the following :—

I. A body which absorbs all the white light that falls upon
it, appears black.

I1. A body that reflects all the light that falls upon it, or
that reflects all the prismatic colors in proper propor-
tions to compose white light, appears white.

ITII. A body which appears red, when placed in ordinary
white light, exhibits that color because it absorbs all
the blue and yellow rays, and reflects only the red.

IV. A body that appears blue in ordinary white light, exhibits
that tint because it absorbs all the yellow and red rays,
and reflects only the blue.

V. A body that appears orange in ordinary white light, ex-
hibits that color because it absorbs all the blue rays,
and reflects the red and yellow rays in proper propor-
tion to form orange, &c.

VI. All bodies, of whatever color, exhibit that color only
when placed in white light, or in compound light of
which that color is a constituent, or in homogeneous
light of that color.

VII. Thus, a body which reflects homogeneous red when placed
in white light, and which does not reflect white light
from its outer surface, will appear black if placed in
homogeneous blue, or indigo, or green, or yellow light,
because it absorbs all these colors. If placed in homo-
geneous red light, it reflecis all the light thrown upon
it, and appears red; if in homogeneous orange, or
violet light, it absorbs the yellow or blue, and reflects
the red, and hence appears red.



COMPLEMENTARY COLORS. i

VIII. Similarly, a body which is green in white light, i3 blue
in homogeneous blue light, since there is no yellow to
reflect ; is yellow in homogeneous yellow light, since
there is no blue to reflect; is yellow in orange light,
because it absorbs the red and reflects the yellow ; and
is black in homogeneous red light.

COMPLEMENTARY COLORS.

191. The transmitted tints of bodies arise from the unequal
absorption or reflection of the colored rays of light. All the
rays stopped either by reflection or absorption or both will form
by their union a compound color, which will he complementary
to the transmitted color.

192. Complementary colors are those which by their union
produce white light. To find the complementary color of any
of the prismatic colors, take, in a pair of compasses, half the
length of the spectrum ; then setting one leg on the given
color, the other will fall on the complementary color.

TABLE OF COMPLEMENTARY COLORS.

Red ......vevvveveienieevven.. Bluish Green,
Orange........oevvvecaevesesa.. Blue.
Yellow.....co.cvevvvivaiineee .. Indigo.

Green.......... Cereneaen +.ees.+ Reddish Violet.
Blue co.covvennnn. ceevivsseasees Orange Red.

Indigo ..c.vvveneninaits «ees +. Orange Yellow.
Violet.......covvvvveeiiiinaee.. Yellow Green.

Black «covviiiiiiiiaiiii i White,
White.o.vveivenenneenresens.. Black.
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LECTURE XV.

THEORY OF TRANSVERSE VIBRATIONS, GAUSE OF
COLOR AND BRILLIANCY OF LIGHT, INTERFE-
RENCE OF LIGHT.

THEORY OF TRANSVERSE VIBRATIONS.

193. According to the Wave theory, light is caused by undu-
lations in the ether, and, since it is proved by astronomical
observation that light travels at the rate of 192,000 miles per
second, the undulations that produce light must advance with
that velocity.

194. In producing these undulations, the.particles of ether
do not move forward at all, but simply vibrate or oscillate up
and down, and thus, without advancing themselves, propagate
an onward motion. (See Part I. Art. 349, NoTE.)

NoTEe.—This can be satisfactorily illustrated by tying one end of a toler-
ably long rope to a wall, and holding the other end in the hand so as not
to have it drawn tight, agitating the free extremity up and down. A series
of waves or undulations is propagated along the rope, but the particles of
which the rope is composed do not themselves advance in the least.

195. It is customary to make a distinction between the terms
undulation and vibration, the latter being regarded as the
cause and the former as the effect. Thus, in the experiment
with the rope, the movement of the hand up and down is the
vibration or cause, and the wave-like movement thatrunsalong
the rope is the undulation or effect.

196. The vibrations that produce luminous undulations in
the ether are always transverse to the direction of the ray.
Thus, if the ray is running north and south, the vibration pro-
ducing it was made east and west, or in any other direction at
right angles to a line running north and south. The undulations
of the air, on the contrary, which give rise to the phenomena
of sound, are produced by vibrations which are normal to the

ray, i. e. made in the same direction in which the ray is
moving.
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Nore.—Although we cau ouly perceive by the eye movements produced
by the transverse vibrations of the ether, and by the ear movements pro-
duced by normal vibrations in the air, it has been suggested that other
creatures may be able to distiuguish, by their senses of sight, or hearing,
or feeling, movements in the ether produced by normal, and in the atmo-
sphere produced by transverse vibrations.

197. The amplitude of a wave or undulation in a fluid is de-
termined by the distance to whiclr it rises or falls above or
below its original position in the fluid in a state of rest; or, the
amplitude of the wave may be said to be measured by  the
magnitude of the excursions of the vibrating particles.”

198. The length of a wave is measured by the distances be-
tween the crests of two adjacent waves or undulations.

199. The brilliancy of all light depends upon the amplitude
of the waves producing it,—the greater the amplitude, the more
brilliant the light. The color of the light depends upon the
length of the wave,—the longest waves producing red, the
shortest waves violet light, and waves of intermediate length
the other colors in the order of their refrangibility.

PHENOMENON OF INTERFERENCE.

200. If two ethereal undulations in opposite phases meet,
they destroy each other’s effect, and, producing quiescence among
the particles of the ether, give rise to blackness or the absence
of light. In this case the waves are said to inferfere.

NoOTE 1.—~Waves are said to be in opposite phases when the convexity of
the one corresponds to the concavity of the other.

NOTE 2.—A corresponding phenomenon occurs in the science of sound,
when two sounds or atmospheric waves meet and destroy one another,
producing silence. (8ee Part I., Art. 381.)

201. Two waves do not interfere if they meet after they have
travelled through paths of equal lengths, or through paths that
differ in length by 1, 2, 3, 4, 5, &c. entire waves.

202. Two waves interfere when they have travelled through
unequal paths, the inequalify in length not being 1, 2, 3, 4, 5,
&c. entire waves; and the interference is complete when the
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inequality in the lengihs of the paths of the two waves is §, 14,
21, 33, 41, &c., waves.

203. Some idea of the mode in which the wave lengths of light
liave been determined may be gathered from the following experi-
ment. Through a pin-hole, s, Fig. 21,
in the shutter of a darkened room, allow
a sunbeam to enter, and at a short dis-
tance from the aperture place a thin
wire, ¢ b, (seen endwise in the figure,) &
horizontally across the centre of the 3
admitted beam of light; finally, a little
beyond the wire, set a white paper Fi
screen, ¢ d. It will now be found that
between the boundaries, r and y, there is formed, not a continuous
shadow, but a succession of bands, alternately black and white,
as exhibited in Fig.22. At the centre, ¢,(Figs. 21 and 22,) Fig. 22,
there is a white stripe, followed on each side by a dark
one; these in turn succeeded by white bars, and so on.
The explanation is simple. The waves of light bend
round the wire, just as water waves, and also sound-
waves bend round angular or rounded bodies. Wherever
two waves fall upon the screem, having travelled
through paths that are equal or which differ by 1, 2, 3,
&c. entire waves, they exalt each others effects and thus produce
a white stripe ; when, however, the two waves proceeding from ¢
and b have come through paths which differ from one another by
3, 13}, 2} waves they completely interfere and the result is a
black bar. At ¢, the two waves ae and be meet after
coming through equal paths, hence the white stripe; at f the
two waves af and b f meet after coming through paths differing
in length by half a wave, hence the formation of a dark band ; at
g the two waves a g and b g meet after travelling through paths
differing in length by one entire wave, hence they exalt each
others effects, and produce a white bar and so on. Between
these points the waves meet so as to interfere more or less

pﬁrfectly, and hence arises the shading off of one stripe into ano-
ther,

Fig. 21. e

L]
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Now if we can ascertain the difference in the lengths of the two
lines a fand b f, we get the length of the wave by simply doubling
it, &ec., and, since we may make the experiment with any colored
light, we may determine the wave-lengths of the various colors.

204. Very carefully conducted investigations by Newton,
Brewster, Herschel, and others, with respect to the wave-lengths,
&c. of light have given results represented in the following :—

TABLE OF WAVE-LENGTH8 OF LIGHT.

Lengths of No. of No. of waves that
Color of Rays. waves in parts |wavesinone| impinge during

of an inch. inch, one second.
Red.......onvnns 0:0000256 | = 39180 477 Trillions.
Orange.......... 00000240 41610 506 i
Yellow..........| 0-0000227 44000 535 ¢
Green...........| 0-0000211 47460 577 “
Blue....svvvveess| 00000196 51110 622 -«
Indigo........... 0-0000185 54070 658 &«
Violet..... - 0-0000174 57490 699 €
Extreme Violet...) 0-0000167 59750 727 ¢
White...........| 0°:0000225 44444 541 “

NoOTE 1.—More recent experiments have determined the very remarkable
fact that the length of the wave producing extreme violet light being taken
as one, that producing the brightest yellow will be one-and-a-half, and that
producing extreme red will be two, or, in other words, the wave of red
light is twice, and the wave of yellow light one-and-a-half times as long as
the violet wave.

NoTE 2.—The third line of the above table is found by dividing 192000
miles, the velocity of ligh$ per second, by the numbers in the first line, or by
maultiplying the inches in 192000 miles by the numbers of the second line.

LECTURE XVI.

COLORS OF THIN FILMS, COLORS OF GROOVED
SURFACES.

205. The brilliant colors displayed by soap bubbles, thin
plates of glass, mica, or other transparent bodies, are due to the
interference of the rays reflected from the two surfaces. This
interference, if complete, sgops the luminous undulation altoge-
ther and produces blackness ; if only partial, the amount of retar-
dation determines the peculiar tint reflected. In all cases the
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color transmitted by the film or thin plate is complementary to
that reflected.

208. In order to observe the colors of thin films of air,
Sir I. Newton placed a double convex lens, whose radius of
curvature was 50 feet, upon a ground plate of glass. Upon
then powerfully pressing their edges towards one another by
several clamps, he made the lenses touch each other at their
middle points and very gradually recede from each other to-
wards their edges. The result was the production of a series of
colored rings concentrically arranged around the point of appa-
rent contact. As before remarked, the transmitted ring is always
complementary to the reflected ring. The following is the result
of Newton’s experiments—the colors being arranged in the order
of their occurrence from the point of apparent contact of the
lenses :—

REFLECTED RINGS. TrRANSMITTED RiINGS.
Black............... PPN White.
Blu€iiviesevaeioiieennnnnnnnnns Yellowish Red
White.ovrriiiareiineiernnnnnsen Black
Yellow...... tererasesnsiseenenns Violet.

2 «...Blue

Violet.o o veveieanennnnn.. sreeae White
Blue....covviiiiiiiiinnnn, veeees Yellow
Greelaeeeeiennneniennennannns .. Red
Yellow....o.vuus e eteratarennn Violet.

2T Blue
Purple.c.oooeiiiiinnnii.., «++..Green
Blue...coviiiiin it inaen Yellow.
Green..ooovvnnnnn., Cheresirenne Red

YelloW. oo iieii et ieee
Red.............. e ereeeiitacennn Greenish Blue
Green. e iiie i ienennnnanes Red.
Red...... f et ieis ettt nnaaenenan Bluish Green.
Greenish Blue.....oovuveennn..... Red
Redeoovnviiiiniinniinniannnn.,

207. The following are the thicknesses, expressed in millionth
parts of an inch, of plates of air, water, and glasg, required to
produce the different colored rings :—
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. Thickness of Films
Series or 3
Orders Colors seen by Reflection. producing them.
of Colors.
Air, | Water.| Glass.
[ Very black ........ ceseewe| 0-50[ 0-38{: 0-33
Black........... ceneneaan 1-00] 0-75| 0-66
Blackish.....ccovvnevennann 2:00{ 1-50 1-30
First ) Pale sky-blue............. 2:40[ 1-80] 1-55
*** ] White (like polished silver).| 5-25| 3-88] 3:40
Straw color.eeeieaneneaaed] 7-11° 5:03] 4-60
Orange-red(dried or'ge-peel)| 8:00| 6-00| 5-17
| Red (geranium sanguineum)| 9-00| 6:75| 5-80
Violet (vapour of iodine)...| 11-17] 8-38/ 7:20
Indigo........ Ceeeneaeaen 12-83f 9-62(* 8-18
Blu€.ieeieaosianeesonnas ++| 14-00| 10-50| 9-00
Green (that of the sea)....| 15-12] 11-33[ 9-%70
Second . 4 Lemon-yellow...ce.veaen..| 16-29| 12-20| 10-40
Orange (fresh orange rind) .| 17-22| 13-00| 11-11
Bright red........ seeseesst 18+33] 13-75{ 11-84
| Dusky red...ocevnnnnnnn. 19-67| 14-75| 12-66
( Purple (flower of flax).....| 21:00]{ 15-75 13-05
Indigo..ccoeveniinneennnn, 22-10] 1657 14-25
Prussian blee........... «..| 33:40[ 17-55| 15:10
Third... { Grass-green......cc....... 25-20| 18-90| 16-25
Pale yellow......... eseses] 27-141 20-33] 17-50
Rose-red....covveriuninanes 29-00| 21-75/ 18-70
Bluish-red.....c.oveveee.o] 32:00| 24:00 20-66
[ Bluish-green........ eveeesl 34-00 25-50| 22:00
Fourth | Emerald-green........... .. 35-29( 26-50| 22-80
T2 -1 Yellowish-green...........| 36-00 27-00| 23-22
Pale rose-red ..............| 4033] 30-25| 26-00
Fifth Sea-green............ seess| 46:00| 34-10 29:66
Wi+« 3 Pale rose-red. ........ vev..| 52-50| 39-38 34-00
Sixth Greenish-blue............. 58-75| 44-00| 38-00
XL zPaIerose-red ..... sreecesns| 65-00] 48-750 42:00

Greenish-blue ...coveeennn.

Seventh. z Pale reddish-white.........

71-00| 5757 45:80
77:00] 53-25] 49:66

(3]
(V]
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By aid of this table, the thickness of thin films of air, water, or glass, may
bereadily determined by observing the colors they reflect. The comparative
thickness of plates of two substances, reflecting the same color, are in the
inverse ratio of their indices of refraction.

NoTE 1.~It thus appears that a film of air less than one half of the
millionth part of aninch in thickness, and films of water and glass less than
one-third of the millionth part of an inch in thickness, cease to reflect
light, and appear, consequently, black.

NoTE 2.—These rings may be observed by placing two pieces of clear
window glass together and pressing them in the centre by meaus of a
pointed body. The plates need not be very thin.

NOTE 3.—When observed in homogenous light, the rings simply exhibit
the same color as the light itsclf, and alternating with dark or non-lumi.
nous rings.

208. Other examyples of the production of colors by thin films
are met with when a small quantity of any volatile oil is spread
over the surface of a liquid or of a solid, the films of certain
chemical compounds deposited by galvanic electricity upon the
surface of metals, the fllm of oxide formed on plates of lead,
the films gradually deposited on the window-panes of stables,
&ec., &c. The beautiful iridescent and opalescent paper of De
la Rue, owes its peculiar loveliness to the action of a thin film.
A very minute quantity of spirit varnish is thrown on the sur-
face of water, and spreads itself out on all sides until it forms a
film of exquisite thinness. A sheet of paper or any other sub-
stance is then introduced beneath the film, and carefully and
gently raised so as to bring with it the film of varnish, which,
upon the evaporation of the water, remains permanently attached

to the surface of the paper and exhibits the prismatic colors
with marvellous clearness.

209. The colored rings observed by looking at the flame of a
candle or at the sun, or at any other luminous body, through a
glass plate having minute particles of dust, lycopodium seed,
&c., or of water as by breathing on it, or small fibres, as those of
silk or cotton, scattered over it, are due to the interference of
the luminous waves inflected round the atoms or fibres. The
finer the particles of dust or moistnre, &c., the more distinct are
the colors produced.
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COLORS OF GROOVED SURFACES.

810. The beautiful tints presented by the surface of mother-
of-pearl, and other natural or artificial bodies, having surfaces
minutely grooved or striated, are likewise produced by inter-
ference, the depressions being of such a depth as to cause a
minute inequality in the lengths of the paths of the incident
rays of light, That this is the case is proved by the fact that if
white wax or sealing-wax is softened and pressed on the surface
of mother-of-pearl, becoming similarly grooved, it exhibits the
same play of colors.

NoTE.—The grooves on mother-of-pear}, are often as many as 3000 to the
inch. Fine steel has been cut in fine lines so as to display the same kind
of iridescence as mother-of-pearl,

LECTURE XVIIL

SOURCES OF LIGHT, HEAT AS A SOURCE OF LIGHT,
CHEMICAL ACTION AS A SOURCE OF LIGHT,
PHOSPHORESCENCE AS A SOURCE OF LIGHT,
FLUORESCENCE AS A SOURCE OF LIGHT.

211. The principal sources of light are the following :—
1st. The sun and the stars.
2nd. Heat.
3rd. Electricity.
4th. Chemical action.
5th. Phosphorescence.
6th. Fluorescence.

212. We are unacquainted with the cause of the light emitted
by the sun, but we know that it infinitely exceeds that from all
our other sources whatever. The light is supposed to be emitted,
not by the body of the sun itself, but by one of its outer gaseous
envelopes. The stars, which are all in reality suns, emit light
of an analogous kind and probably in a similar manner to that of
our sun.

HEAT AS A BOURCE OF LIGHT.

913. Heat is one of the most ijmportant artificial sources of light.
All solid and liquid bodies which are nat decomposed, shine
6 .
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when their temperature is raised to about 10002 F. The color
first presented by the shining hot body is red, and, as the tem-
perature rises above 1000° F., orange, yellow, green, and the
other prismatic colors, present themselves in regular succession,
until at last the body reaches the temperature of 2130°, when
all these tints are simultaneously emitted and the body is said to

be white hot.

NoTE.—This sequence of color is very beautifully manifested in the pro-
cess of fempering steel. Tho metal is first made exceedingly hard by
heating to bright redness or even whiteness, and then plunging it into
cold brine, or oil. When thus treated, it becomes so hard as to resist the
action of a file and even to scratch glass. To temper this it is placed on a
hot iron plate and gradually heated. As the heat permeates the steel, its
surface passes through the various shades of color enumerated above.
‘When we perceive the straw color, the steel is a little softened, and, being
fit for the manufacture of various tools, is called drill-tempered steel ;
when the blue tint appears, it has been still more softened, and is what
is termed spring-tempered steel, &c.

214. The light emitted by the ignited solid increases very ra-
pidly as the temperature rises above 10002 F. The following
table is given by Draper, and shows the intensity of the light
evolved by platinum at different temperatures :—

TABLE OF LIGHT EVOLVED BY HEATED PLATINUM.

Temperature of the Intensity of its
Platinum. ‘Light.

980 ., . . . . Coe e 0-00
100 . ., . . - e e 0°34
2015 . . . . . PN 0-62
2130 . . . . . .o 1-73
2245 . . . . . e 2-92
2360 . . . . . N 4-40
247 . . . . . N 7-24
2590 . . . . . e e . . 12-34

215. When two charcoal points, connected with the two poles
of a powerful galvanic battery in action, are brought within a
short Qistance of one another, a luminous arch is produced
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between them, and the light is so intense that its brightuess is said
to reach to one-fifth or even one-fourth that of an equal surface
of the sun. (See Arts. 481-484.)

CHEMICAL ACTION AS A SOURCE OF LIGHT.

218. Chemical action is so constant a source of light that we
define combustion, which is merely one form of chemical action,
to be “chemical combination attended by the evolution of light
and heat.” All flames are regarded as incandescent shells formed
of a series of concentric and differently colored layers, the inner-
most one being red and having a temperature of about 1000°F
Upon this the other colors, orange, yellow, green, blue, &c., are
placed in succession, the exterior stratum being violet. When
we look at such a flame, these differently colored shells,.being all
commingled, appear to yield white light; but a prism separates
them one from another,and thus proves their individual existence.
If we could obtain a horizontal section of such a flame, it would
exhibit all the prismatic colors.

217. Many bodies in burning emit lights of peculiar tints,
The flames thus obtained are mostly compound in their color, and
may be dccomposed by the spectrum, so as to present all the
prismatic colors. Thus, the red of cyanogen and the blue of
sulphur or carbonic oxide, are compound colors. Certain flames,
a3 that of hydrogen, are deficient in some of the rays only, while
others, as that of a solution of soda in alcohol, are homogenous
or monochromatic.

Notg.—The principal artificially colored lights of pyrotechnists and
others, are obtained as follows :—

Dry nitrate of potassa...... 6 partsy) Allin fiue pow-
Blue or Bengal Light... { Sulphur................ . 2= } der and well
Tersulphide of Antimony.1 * mixed.

Dry rlxlitrate of baryta. 43 parts
. S ot
Green Light............. "'{Clllnlgm‘ga Pe «
Lampblack. . S

Mix the lampblack, sulphur, and nitrate of baryta together in fine pow-
der, and afterwards add the chlorate of potassa in rather coarse powder
without rubbing it with the other substances.

Dry i:itmte of strontia ..... S1 parts.
- Sulphur........coceveienens 7
Red nght esesern errerene {Clﬂol‘&tﬁ of pota.ssa .. 2 “
Lampbllick.. ....ocvnnieines §

Observe same caution in mixing as in case of greenslight compound.
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218. A very intimate relation exists between the intensity of
the chemical action occurring in any given case of combustion,
and the color of the resulting flame. Chemical changes are
regarded as being accompanied by a vibratory movement among
the particles of the uniting bodies ; and the more energetic the
chemical action, the more rapid are these vibratory movements.
The vibrating particles impinging upon the ether impart their
movements to it,and the luminous undulations,thus arisingin the
latter, are more or less rapid in proportion as the vehemence of
the chemical action is greater or less. But the more rapid the
pulsation, the shorter the wave, and the more refrangible the
ray. Very intense chemical combination, therefore, tends to
produce blue or violet light, while red, orange, and yellow flames
are caused by a more incomplete combustion. Thus, sulphur and
carbonic oxide give a blue flame on account of their strong affi-
nity for oxygen and the facility with which they obtain the
mazimum quantity with which they are capable of combining by
combustion.

Cyanogen, on the other hand, burns with ared flame, because,
in the decomposition of the gas during rombustion, nitrogen, an
incombustible element, is set free, and this, surrounding the
flame, prevents the free access of the air, and thus causes the
combustion to proceed somewhat imperfectly. Similarly, an
oil-lamp insufficiently supplied with air affords but a dull red
light, but upon conveying air into the interior of the flame, as is
done in the argand burner, the light becomes brilliantly white.

Nore.—The chief varieties of strong artificial lights occasionally employed
for illuminating purposes, are :—

I. THE DRUMMOND L16HT,or OxY-HYDROGEN L1gHT. Thisis pro-
duced by. projecting, with due caution,ona piece of prepared lime or
chalk, a jet of a mixture of two volumes hydrogen and one volume
oxygen,

I1. THE BUDE LIGHT is obtained by passing a steady current of

oxygen through an argand lamp, having a very thick wick, sup-
g::d ‘Zlht:lo : lllnglh:y cat;bon'ized oil, as whale ofl, The oxygen is
stant but vefy o ;::ss :r gtpe of the burner by means of a con-

T s e Cuiotom LIGHT is dbtained by urging the flame ofa.spirit

oal-gasburner against a ball of lime by means
of & jet of oxygen eacaping from a moderate but steady preagure.

IV. TRE ELrcTRIC LIGHT, for a desaription of which see Art. 485, )
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PHOSPHORESCENCE AS A SOURCE OF LIGHT.

219. All solid non-metallic bodies exhibit more or less per-
fectly the phenomenon of phosphorescence, i. e. of shining after
exposure to the sun’s light.

220. In the greater number of bodies this emission of light
lasts but & moment ; in some however it continues for a consider-
able length of time and is marked by great brilliancy. Among
the best phosphori, as such bodies are called, we may mention
certain varieties of the diamond, and of fluor-spar, sulphide of
barium, sulphide of calcium, dried paper, silk, sugar, borax, &c.,
amonginorganic bodies; and rotten wood,decaying fish and other
animal matter, certain marine animalcules, the glow-worm, the

-fire-fly, &c.. in the organic kingdom.

221. The phosphorescence of inorganic bodies may be explain-
ed upon the undulatory theory as follows :—

The luminous waves of the ether striking upon the surface of a
phosphorus gradually throw the molecules of the latter into more
or less intense vibration. Upon the withdrawal of the source of
light the undulations caused by it in the ether instantly cease,
but, owing to the greater density of the phosphorus, its particles
for a time retain their vibratory movements, and these impinging
upon the ether continue to impress undulations upon it. The
vibrations of the particles of the phosphorus gradually decline
and thus the phosphorescence becomes extinct.

222. The Newtonian theory supposes that certain bodies pos-
sess the power of absorbing light while exposed to the sun’s rays
and afterwards emitting it in the dark. :

223. Phosphorescence is not attended with heat to any ap-
preciable degree and the intensity of the light emitted is very
low—an apparently very luminous diamond yielding a light
several thousand times less intenge than the flame of a very small
oil lamp. The lower the temperature of the phosphorus when
exposed to the source of light, the more decided and long con-
tinued its subsequent phosphorescence, and, indeed, a phosphorus -
which has just ceaged to emit light becomes again luminous if
exposed to & higher temperature,

324, The phosphorescence of animal and vegetable substances
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is due, probably, to chemical action alone, since in all cages the
luminosity ceases upon the withdrawal of oxygen or of the air,

225. The more refrangible rays of the spectrum are most
potent in producing phosphorescence in a body, and in some
cases the invisible rays beyond the violet extremity are particu-
larly powerful in this respect. The red and the other rays of
low refrangibility,not only produce no phosphorescence, but tend
to counteract the influence of the rays at the other extremity of
the spectrum.

The wave-lengths of the light emitted by the phosphorus are
usually greater than those of the exciting rays, i. e, the phospho-
rescent light is of a color belonging to a part of the spectrum
nearer to the red than the light which excited the phosphorus.

FLUORESCENCE OR EPIPOLIC DISPERSION.

226. When a ray of ordinary white light is allowed to fall
upon fluor-spar or upon solution of sulphate of quinine or of
certain other bodies, a lively diffused blue light is thrown back.
It is believed that this blue light is produced by an exceedingly
thin stratum of the liquid adjacent to the surface by which the
ray entered, and to this remarkable surface action the name of
epipolic dispersion has been given. (Greck epipolés, “ on the
top of,” i. e. © at the surface.”)

227. The phenomenon of epipolic dispersion hasbeen thorough-
ly investigated by Professor Stokes of Cambridge, and his ex-
planation is now very generally received, although many persons
yet prefer Sir David Brewster's explanation by internal dispersion.
Stokes appears to prove satisfactorily that this diffused blue light
consist of the chemical rays rendered visible by a change in
their refrangibility.

228. It is not merely the most refrangible rays that are capa-
ble of becoming epipolized, i. e. rendered less refrangible—the
yellow, the red, and all the other rays are alike influenced.
It follows of course that it is not blue light that is always
produced by epipolic action. The depression of the light in
the scale of colors is invariable, i. e. the length of the wave is
always increased and its velocity of undulation diminished.

220. The term Fluorescence is now commonly applied to the
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phenomenon just described, because it does not, like the terms
epipolic action, internal dispersion, true diffusion, &c., involve
any theory.

230. The number of fluorescent bodies is somewhat limited.
Fluor-spar,a solution of sulphate of quinine, and an aqueous solu-
tion of horse-chestnut diffuse a blue light ; many compounds of
sesqui-oxide of uranium give a greenish-blue light, especially the
nitrate and the glass called canary-glass (glass colored yellow
by oxide of uranium); a decoction of madderand alum gives a yel-
low or orange-yellow fluorescence ; tincture of tumeric, a green-
ish light; and an alcoholic solution of chlorophyll diffuses a
red light.

Note.—Fluorescenceis entirely dependent upon theincidence of certain
rays and is therefore quite distinct from phosphorescence ; and, although
the former may give a blue light very much resembling the latter, they are
by no means to be confounded. As a general rule, phosphorescent bodics
are not fluorescent, '

LECTURE XVIII
CATOPTRICS.

REFLECTION FROM PLANE MIRRORS, REFLECTION
FROM CONCAVE MIRRORS, REFLECTION FROM
CONVEX MIRRORS, RULES FOR FINDING THE
FOCAL DISTANCE OF MIRRORS.

231. Catoptrics is that branch of optical science which inves-
tigates the laws that govern the reflection of light by mirrors, &c.

232. Mirrors are highly polished solid bodies capable of reflect-
ing a la.rg.e proportion of the rays of light incident upon them.

The term mirror is commonly restricted to reflectors made of
glass coated on one side with an amalgam of tin.

Specula are highly polished metallic reflectors. They are
nmade of steel, of silver, or of the so called speculum metal, the
best variety of which consists of 32 parts copper and 15 parts
tin,

NoTE.~8pecula are better reflectors than glass mirrors, as in the latter
a portion of the incident rays are reflected from the first surface and render
the image less perfect than that obtained by the use of a speculur,
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233. Mirrors and specula are plane, concave, or convex. A
plane mirror is a flat surface like a common looking-glass; a
concave mirror is a reflecting surface curved like the inside of
a watch-glass; a convex mirror is a reflecting surface curved
like the outside of a watch-glass.

234. Parallel rays of light are such aslie in the same plane and
being produced ever so far both ways do not meet. Converging
rays are such as continually approach each other in one direction,
o thatif sufficiently produced they will meetin a point, Diverg-
ing rays are such as continually recede from each other.

235. When a ray of light fallsupon a surface and is reflected, the
angle contained by the line of incidence and the perpendicular to
the pointat which the ray strikes the surface is called the angle of
incidence ; the angle contained between the perpendicular and the
line of reflection is called the angle of reflection. The two fol-
lowing facts are to be carefully noted.

1st. Theincident ray, the perpendicular to the point of incidence,
and the reflected ray, are all in the same plane.

2nd. The angle of reflection and the angle of incidence are
equal,

NoTE.—In order to trace the course of a ray of light incident on a plane
mirror we draw a line at right angles to the mirror at the point of incidence
and make the angle of reflection equal to the angle of incidence. For a
concave mirror, we join the point of incidence with the geometrical centre
of curvature, and, considering this as the perpeudicular, make the angle of
reflection equal to the angle of incidence. For a convex mirror, we join the
point of incidence with the geometrical centre of curvature, and continuing
this line through the mirror, we regard it as the perpendicular,

REFLECTION FROM PLANE MIRRORS.

238. Raysoflight incident upon a plane mirror retain their rela-
tive directions after reflec- Fig. 23.
tion, i. e. parallel incident ¢ p a€ pPPPrrf c
rayscontinue tobe parallel
after reflection ; diverging M § Sﬁ
incident rays continue to A B

diverge after reflection, and converging incident rays continue
to converge after reflection,
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REFLECTION FROM COONCAVE MIRRORS.

2387. Parallel raysincident upon a concave mirror are reflected
to a point whose distance from the
face of the mirror depends upon N
the curvature of the mirror. AA

238. The point to which a con- ¢ \,— c 5
cave mirror reflects the rays inci- {_~7
dent upon it, is called the focusor \/_ ‘Z
‘“fire place ” of the mirror ; and the ~
focus for parallel rays, as Fin Fig. 24, is called its principal focus.

Fig. 24.

[+

239. Diverging raysincident upon a goncave mirror are reflect-
ed to a focus, f, Fig. 25, which is Fig. 25.
always more remote from the mir- A
ror than its principal focus, F. If
the radiant point, P (Fig. 25), be
made gradually to approach to- D
wards the mirror, the following
facts are observed :—

1. As P approaches the mirror f recedes from it.

II. When P coincides with C, the geometrical centre of curva-
ture, f is also coincident with c.

III. When P approaches the mirror so as to take the position f,
the focus f has receded so as to assume the position P,

IV. When P reaches the point F, the incident rays are reflected
go as to be parallel to one another, i. e. the point f, or the
focus, has become infinitely remote.

V. When P passes beyond F the rays falling from it upon the
mirror are reflected so as to diverge.

240, From the foregoing illustration it appears that when the
radiant point is at P the rays are reflected to a focus in f, but when
the radiant point is at f the rays are reflected to a focus in P,
On account of this relation between P and f, the radiant point
and the focus, they are called conjugate foci. The distance fDis.
called the conjugate focal distance of the mirror to distinguish it
from F D, which is the principdl focal distance.
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Note.—When the radiant point is between the mirror and its principal
focus, the reflected rays diverge from the face of the mirror. Now if these
diverging rays be considered as passing back through the mirror, they will
appear to converge towards a point behind it ; this point is called their vir.
tual focus.

241. Converging rays incident upon a concave mirror are reflect-
ed to a focus which is always nearer to the mirror than the princi-
pal focus. The conjugate focus is virtual, i. e. is behind the
mirror. Here we note the following facts :—

I. As the convergence of the rays is decreased, the focus ap-
proaches the principal focus, and the virtual conjugate
focus recedes indefinitely.

II. As the convergence is increased, both foci approach the
mirror.

REFLECTION FROM CONVEX MIRRORS.

242. Parallel raysincident upon a convex mirror are reflected so
agto diverge from one another. Their focus is virtual, and, for rays
falling on the mirror near its middle point, the distance is about
half the radius of curvature.

243. Diverging raysincident on a convex mirror are reflected so
as todiverge morerapidly. Theirfocus is virtual and their focal
distance is always less than half the radius of curvature, but con-
tinually approaches that magnitude as the radiant point recedes
from the mirror.

244. Converging rays incident on a convex mirror are reflected
parallel if the incident rays converge towards the principal vir-
tual focus; convergent, if the incident rays converge towards a
point nearer to the mirror than the principal virtual focus; and
divergent, if the incident rays converge towards a point beyond
the principal virtual focus of the mirror.

RULES FOR FINDING THE FOCAL DISTANCE OF MIRRORS.

245. Let f= focug,f’ = virtual focus, F = principal focus, » = radius of
curvature of the mirror, d = distance of radiaut point, d' = virtual poin}
of convergence.
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CONCAVE MIRRORS.
PARALLEL Rays. F =
Or : Principal focus is equal to half the radms of curvature,

ExaMPLE 1.—What is the principal focal distance of a concave mirror
having a radius of curvature of 40 feet?
SOLUTION.
F=4}r=14of 40 =20 ft. dns.
ExXAMPLE 2.—What is the principal focal distance of a coucave mirror
baving a radius of curvature of 17 ft. 11 inches?

SOLUTION.
F=1r=10f 17 ft. 11 inches = 8 ft. 114 inches. 4ns.
DIvERGING RAYs. f= 2:1'

Or ;: The conjugate focus is found by multiplying the distance
of the radiant point by the radius of curvature of the mirror, and
dividing the product by the difference between twice the distance of
the radiant point and the radius of curvature,

ExAMPLE 3.—What is the conjugate focal distance, for divergent rays, of
a concave mirror whose radius of curvature is 25 ft.—the radiant point being
40 feet fror the mirror ?
' SOLUTION,

Here d == 40 feet and » = 25 ft.
Thenf=-T_ = 40X _ 1"%’ =181t. 2% juches, Aus.
EXAMPLE 4.—What is the conjugate focal distauce for divergent rays on
a concave mirror whose radius of curvature is 64 ft., the radiant point beiug
64 ft. from the mirror?
SOLUTION.
Here d = 64 feet and » == G4 fect.
64 X 64 64 X 64

hi ___=___——_=bet.Ans.
Then f = oy = ixei—6i 6

EXAMPLE 5.—What is the conjugate focal distance for diverging rays in.
cident on a concave mirror whose radius of curvature is 19 feet, the radiant
point being 9 ft. 6 in. in front of the mirror ?

SOLUTION,

Here @ = %ft and » =19 ft.
Then £= 9 X190 _94X19 _93X1y
r= 2(1—1‘ 2x9}—19 19—19 0

rays are reflected parallel,

= ¢ i.e the
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d'r
ed'+r

Or: The focal distance is found by multiplying the radius of
curvature of the mirror by the distance of the point to which the
rays converge bekind the mirror, and dividing the product by the
sum of twice the distance of the virtual point of convergence and the
radius of curvature,

CONVERGING RaYS., f=

EXAMPLE 6.~What is the focal distance for converging rays which fall
on a concave mirror whose radius of curvature in 22 feet, the incident rays
converging towards a point 18 feet behind the mirror?

SOLUTION,
Here d' = 18 feet and » = 22 feot.
d'r . 18x22 __ 39

Then f= === 61ft. 93% inches. 4ns.

2d' +r 2x18+22 58

EXAMPLE 7.—What is the focal distance of the converging rays incident
on a concave mirror whose radius of curvature is 40 feet, the incident rays
converging towards a point 20 feet behind the mirror?

SOLUTION.
Here d' = 20 feet and r = 40 feet.
!
Thehf=_4'7 = _20x20_ _ 800 ., 0t Aus.

2d +r 2ZX20440 80
CONVEX MIRRORS,

PARALLEL RAYS, F'=1}n.

Or: The principal virtual focus is equal to half the radius of
curvature.

ExaMPLE 8,.—What is the principal focus for parallel rays incident on
a convex mirror whose radius of curvature is 36 feet ?

S8OLUTION.
F'=}r=1}of 3¢ =18 feet.

EXAMPLE 9.—~What is the principal focus for parallel rays incident on
a convex mirror whose radius of curvature is 8 ft. 10 inches?

SOLUTION.

F'=}r=1of8ft.10in. =4 ft. 5 in. dns.
DIVERGING Rays. fl=_2" _
2d+r

Or: The virtual conjugate focus is found by multiplying the
radius of curvature by the distance of the radiant point from the
mirror, and dividing the product by the sum of the radius and twice
the distance of the radiant point,
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ExaMpPLE 10.—What is the conjugate focal distauce for diverging rays
falling on a convex mirror whose radius of curvatureis 28 feet, the radiant
point being 28 feet before the mirror?

SOLUTION.
Here d 2= 28 feet and » = 28 feet.
Thens'=_9" = _X28 __op 4inches. 4ns.

2d+r  2x28+28

EXAMPLE 11.—What is the conjugate focal distance of a convex mirror
whose radius of curvature is 6 feet, for diverging rays proceeding from a
point 104 ft. distant ?

SOLUTION.
Here d =104 and » = 6.
. dr __ 104X 6 __ 624 __ x
Thcnf’_zm = Xate - s 2 ft, 10184 inches, Ans.
. y_d'r
CONVERGING Ravs, f'—=_—__"_
2d'-r

Or: The virtual conjugate focus is found by multiplying the
radius of curvature by the distance, behind the mirror, of the point
to which the rays appear to converge, and dividing the product by
the difference between the radius of curvature and twice the dis-
tance of the virtual point of convergence.

EXAMPLE 12.—What is the focal distance for converging rays incident

upon a convex mirror whose radius of curvature is 40 feet, the incident
rays converging towards a point 14 feet behind the mirror ¢

SOLUTION.
Here d' = 14 feet and 7 = 40 feet.
Then f=27 — X80 580 _ 00 gin, dus.

2dr 2X14—40 12
EXAMPLE 13.—What is the focal distance of a convex mirror whose radius
of curvature is 7 feet, for incident rays which converge towards a point 33
feet behind the mirror?

SOLUTION
Here d' = 84 feet and » = 7 feet.
dr 3 x7 __ 24 _ U _ .
Then fl= L = = -2 . =2 = 2= .e. the rays arc
S Ty T axsi—7 71—7 o ©h° v
reflected so as to be parallel.

EXAMPLE 14.—What is the focal distance of a convex mirror whose radius
of ourraturae is 30 feet, for incident rays" which appear to converge towards
a point 50 feet behind the mirror?



08 FORMATION OF IMAGES BY MIRRORS.

SOLUTION.
Here d' =50 feet and r = &0 feot.
Then /= dlr - _80X% = 1600 _ =21 ft. 5} in’s, Aus.
20— 2 450—30 70
EXERCISE.
15. What is the principal focus of a concave mirror having a radius of
curvature of 7 feet 11 inches? Ans. 3 feet 113 inches,

16. What is the principal focus of a convex mirror whose radius of curva-
ture is 11 feet 9 inches ? Is the focus real or virtual P

Ans. 5 feet 10} inches; virtual.

17. What is the conjugate focal distance of a concave mirror whose

radius of curvature is 19 feet, for rays cmanating from a luminous point

107 feet distant? Ans. 10 feet 534 inches.

18. What is the conjugate focal distance of a convex mirror whose radius
of curvature is 15 feet (1) for parallel rays incident upon it? (2) for rays
appearing to converge to a point 6 fect behind the mirror® (3) for rays
emanating from a luminous point 20 ft. in front of the mirror? (4) for lu-
minous rays appearing to converge to a point 40 fect behind the mirror ?
(5) for rays appcaring to converge to tho principal virtnal focus of the
mirror ?

Ans, (1) 7ft.6in.; (2) 30 ft.; (3) 5 6. 5.5 in.; (4) 9 fb. 219 in.; (5) OC

19. What is thie conjugate focal distance of a concave mirror whose radius
of curvature is 11 feet, (1) for parallel incident rays? (2) for rays converg-
ing towards a point 6 feet behind the mirror? (3) for rays emanating from
a luminous point 40 fcet before the mirror?  (4) Forincident rays converg-
ing towards a point 35 feet behind the mirror ?

Ans. (1) 5ft.61in.; (2) 2 ft. 2’21' in.; (3) 6 f6. 4-}2 in.; (4) 4 ft. 921., in.

20. What is the principal focus of a convex mirror whosec radius of curva-
ture is 19 feet ? Ans. 9 ff. 6 in,
21. What are the principal foci of mirrors whose radii of curvature are

respectively 4 feet, 11 feet, 8 fect, and 6 fect 4 inches?
Ans. 2 ft., 5% ft., 4 ft,, 3 ft. 2 in.

)

LECTURE -XIX.

FORMATION OF IMAGES BY MIRRORS, RULES FOR
THE FORMATION OF IMAGES BY MIRRORS.

246. The image of an object is a picture of it formed on the
reting of the eye, or in the air, or on a screen, as, for example, a
white wall or a sheet of paper,

247, Images are formed by mirrors or by lenges, or by allowing
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the rays of light that emanate from the object toenter through «
smallapertureintoadark chamber and there fall on a white screen.

248. The mode in which an image is formed by the method last
mentioned may be understood from the following illustration.

Let 4 be a small aperture in ' D, the shutter of a darkened
room. Before the ori- Fig. 26.
fice let there be placed
an object, B G R; an
inverted image of this
will be produced on
the wall or screen in
the darkened room. i
Light moves only in straight lines. All the rays that proceed
from B are intercepted by the shutter except those that pass
in the direction B .4 and these continuing their rectilineal course
finally fall upon the screen at b ; similarly, those thatproceed from
R fall upon the screen at r, and those from G pass direct tog. Of
course rays from points between B and G fall on the screen at
points between b g, and so on. Thus there is formed on the
screen, F E, an inverted image of the object, B R.

Nore.—Since only a small proportion of the rays that emanate from the
object can enter the aperture, the image formed is necessarily somewhat
indistinct. If the aperture be enlarged, more light enters but the image is
still more indistinct, as the rays that proceed from adjacent points of the
object are cast on the same point of the screen and thus create confusion.

FORMATION OF IMAGES BY PLANE MIRRORS.

249. When an object is placed before a plane mirror, as a look-
ing-glass, an image of the same size and form is produced and lies
apparently as much behind the mirror as the object is before it.

Thus, in Fig.27 let 2f N be an object placed before the mirror, 4 B, and
let the eye be placed at E. Then, of the rays di- Fig 27.
verging from the point M, those that fall upon the N
mirror at the points D, F, are reflected to the eye
a8 though they proceeded from the virtual focus
m. Similarly, those from N are reflected as though
they radiated from =, The line joining M and m
and also that joining N and % are perpendicular
to the wirrer; and the points m and » are asmuch
behind the mirror as the points M, N axe respect-
tively before it.
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NoTE 1.—When'a mirror is placed at an angle of 45° to the horizon, an
erect object placed before it will appear horizontal and vice versa, because
the image has the same inclination to the mirror as the object, and twice 45°
make 900,

NotE 2.—Since the angle of incidence is equal to the angle of reflection,
they are together double of the angle of incidence, and hence the surface
of the mirror which reflects the rays from the object is only half as long or
as broad as the object itself. It follows from this that a person may see his
whole length in a mirror but half his height.

250. Anobject placed between two parallel plane mirrors gives
an indefinite number of images. These appear to be in a straight
line and are produced by repeated reflections, and, in consequence
of the loss of light by each additional reflection, the images be-

come less and legs brilliant as they recede from the object.

251. The kaleidoscope (kalos, ¢ beautiful,” eidos, * form,” and
scopeo, “I see”) is constructed on the principle that when two
mirrors are inclined to one another at certain angles they give a
multiplied image of an object.

Two mirrors inclined at an angle of 309, 459, or 60°, are placed
in a paper tube one end of which is closed by ground and the
other by plane glass. Between the extremity of the mirror
and the ground glass end a number of small fragments of colored
glass, tinsel, and glass filaments twisted more or less, are pla-
ced in a cell with room to tumble around as the tube is turned ;
upon looking through the instrument towards the light and
slowly turning it on its axis an endless variety of symmetrical
combinations present themselves and are indescribably beautiful
and brilliant.

NoTe.—The number of times each image is repeated dependsupon the
angle made by the faces of the two mirrors, being equal to 360° divided by
that angle. Thus if the mirrorss anake with one another an angle of 609,
the image will be multiplied 50—.: = 6 times ; if they make angle of 45°,

360°
there will be E = 8 repetitions, &c.

FORMATION OF IMAGES BY CONCAVE MIRRORS.

252. When an object is placed before a concavemirr or, a real
image is produced in all cagses, except when the object is placed
between the mirror and its principal focus ! under which circuma
stances the image is virtual,
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The following explains the formation of an image by a coucave mirror.
Let A B be a mirror whose centre of curvature is C, and let M N be an ob-
jeet placed beyond C. The rays M A, M D, M B, &c., proceeding from 3 to
the mirror,are all reflected in the manner described in Art, 235 60 as to paint
the extremity Afat m. Si- Fig. 28.
milarly the rays N B, N D, aA
N 4, &e., proceeding from
N, are reflected to a focus
at #. The rosult is thepg
formation of an inverted
image of the object M N,
and this image is very
bright, becanse a great number of rays concur to produce each of its parts.

953, In the formation of an image by a concave mirror the
following points are worthy of notice :—

1. As the object approaches the centre of curvature, the image
also approaches it. When the object is in the centre of
curvature, the image coincides with it both in position
and in size.

II. When the object is beyond the centre of curvature, the
image will be between the centre of curvature and the
principal focus, and will be amaller than the object.

III. When the object is between the centre of curvature and the
principal focus, the image will be beyond the centre of
curvature and will be magnified.

1V. When the object is in the principal focus, the image ig infi-
nitely remote; in other words, no visible image is pro-
duced.

V. When the object is between the mirror and its principal
focus, a magnified virfual image is formed.

V1. When the object is on one side of the principal axis of the
mirror, the image is on the other side.

VII. When the distance of the object from the mirror is known,
the distance of the image may be determined, and vice
versd, by the rules in Art 245.

VIII. The size of the image ia to the size of the object ag the dis-
tance of the image from the mirror is to the distance of
the object from the migror.

1X. The image is always inverted.

H
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254. Concave mirrors have been used as light-house reflectora
and as burning mirrors. When used as reflectors they are com-
monly made of copper, coated with silver and polished, and are
parabolic in form. A light, as that a lamp, placed in the focus of
such a mirror, has its divergent rays reflected parallel..

255. Parallel rays of light that fall upon a concave mirror
near its axis are not reflected to the same point as those that fall
further from it, so that, unless the aperture of the mirror is limited
to 89 or 109, the image produced by either the concave or con-
vex mirror is more or less indistinct. This imperfection in con-
cave and convex mirrors is termed spherical aberration by reflec-
tion, and is remedied by making the mirror parabolic in form.

NoTE.—By the crossing of the reflected rays there is produced a curve

more brilliant than the other parts of the image; this is called the caustic
curve. N

FORMATION OF IMAGES BY CONVEX MIRRORS.

256. A convex mirror always gives an image which is virtual
erect, and less in size than the object.

Let A4 B, Fig. 29, be a convex mirror, M N an Fig. 29
object placed before it, and E the position of the - M2 e
eye of the observer, Therays M D, M F,arere- -
flected from the mirror as though they radiated
from the point 7 behind the mirror; similarly the
rays N G, N H, proceeding from &, are reflected to e
the eye as though they radiated from the point n; A m‘éy. n

hence the formation of the image m n. Yo
» “ !

257. The following facts are noticeable ‘\ i
with reference to the image formed by a c‘-l

CONVeX Mirror ;—=

I. The image occupies the same place, however much the
position of the eye may be varied.

Il. The image will approach the mirror as the object
approaches, it and will recede towards the principal
virtual focus as the object recedes from the mirror.

ITI. The size of the image is to the size of the object as the
distance of the image from the centre of curvature is to
the distance of the object from the centre of curvature.
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1V. When the object is in the principal axis ‘of the mirror, the
image is also in the principal axis ; but when the object is
on one side of the principal axis, the image is on the same
side.

258. To eonstruct an-image of a body by means of a convex
or concave mirror use the following—

RULE.

I, Take any point in the object and from it draw a secondary
axis.

II. Take any ray whatever incident from the assumed point and
Jjoin the point of incidence with the centre of curvature of
the mirror. This line will be perpendicular to the mirror
at that point, and will shew the angle of incidence. ‘

III. Draw from the point of incidence, on the other side of the
perpendicular, a straight line, making with it an angle equal
to the angle of incidence.

1V. The line thus determined is the path of the reflected ray, and,
being produced until it meets the secondary axis, determines
the spot in which the image of the assumed point is formed.

V. Determine the position of several other points of the object in
the same manner.

259. The position, size, and distance of the image may be
determined by Art. 245, VI and VTIII of Art. 253, and III and IV
of Art. 257.

ExAMPLE 1.—An object 17 inches loug is placed 11 feet before a concave
mirror whose radius of curvature is 18 feet ; if the head of the figure coin.

cides with the principal axis of the mirror, determine the position and
magnitude of the image,

SOLUTION,
1. Here d =11 feet, and » =18 feet.
Thenf=—37_ — WX18 _ 198 _ o 4 6 inches = distance of

image from mirror.
1I. Dis. of object : dis. of image : : size of object : size of image,

694 X 17

Or; 1116, :49 ft.6in.:: 17.mches T

image.

ITI. The image isinverted, having its head still coincident with the prin.
cipal axis of the mirror,

=764 in.= length of
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EXAMPLE 2.—An object 22inches in lengthis placed 6 feet from a convex
mirror whose radius of curvature is 14 feet ; the foot of the object being
below the principal axis, determine the distance, size, and position of the
image.

Hered =6and r =14,

dr 6X14 __ 84
L f=— = =
S ST IX6Tm . % — == 8'feet 24 inches = distance of
virtual image from the mirror.

SOLUTION.

3819 x 22 .
II. 72 inches : 3819 inches : : 22 inches: ——“—- =11 11l inches =

size of image.
III. Image is erect, with its foot on the same side of the principal axisas
the foot of the object.
BXERCISE.

3. An object 2 feet in length is placed 5 feet before a concave mirror
whose radius of curvature is 8 feet; the centre of the object being in the
principal axis of the mirrer, determine the distance, position, and size of
the image,

Ans. Distance from mirror = 20 feet ; length of image =8 feet ; image
inverted, and still has its centre in the principle axis,

4. An object 14 inches long is placed 43 inches before a plane mirror;
determine the position and size of the image.

Ans. Distance from mirror = 43 inches ; length of image = 14 inches ;
image erect.

5. An object 16 Inches in length is placed 27 inches before a convex mir-
ror whose radius of curvature is 40 inches ; determine the distance, position,
and size of the image, the object being completely above the principal axis
of the mirror,

Ans. Distance from mirror =1137 inches; length of image — 635 in.;
image erect, and completely above the principal axis.

6. An object 12 inches in length is placcd 4 feet 7 inches before a concave
mirror whose radius of curvature is 30 inches ; the head of the object heing
above the principal axis, determine the distance, position, aud size of the
image.

Ang. Distance from mirror =111% inches; length of image = 2% in.;
image inverted, and has its head below principal axis,

7. An object 20 inches in length is placed 100 feet before a convex mir-
ror whose radius of curvature is 15 feet ; the head of the ohject being in
the principal axis of the mirror, determine the position, distance, and size
of the image.

Ans Distance from mirror = 6 feet 1133 inches; length of i image =
143 inches; image inverted, with its hea,d still in principal axis,

8. An object 4 inches in diameter is placed 22 inches before a convex
mirror whose radius of curvature is 1 foot 10 inches; the lower edge of the
object being below the principal axis of the mirror, determine the position,
distance, and size of the image.

Ans. Distance from mirror =7} inches; diameter of image =13 inches;
image erect, with lower edge still below the principal axis.
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LECTURE XX.
DIOPTRICS.

DEFINITIONS, LAWS OF REFRACTION, INDICES OF RE-
FRACTION, PHENOMENON OF TOTAL REFLECTION,
DIFFERENT KINDS OF LENSES, PROPERTIES OF
DIFFERENT KINDS OF LENSES, RULES FOR FIND-
ING THE FOCAL LENGTHS OF LENSES,

DEFINITIONS.

260. DiopTrIcS is that branch of optical science which inves-
tigates the progress of those rays of light which enter transpa-
rent bodies and are {ransmitted through them.

261. When a ray of iight is passing through the same medium
it invariably preserves its rectilineal course; but when it passes
from one medium into another of different density, it becomes
bent or refracted out of its original path.

Thus, if a straight rod is placed obliquely, partly immersed in water, it
appears bent just at the surface of the water. If a shilling be placed in
the bottom of a basin on a table and the observer move back until he has
completely lost sight of the coin, it again becomes visible to him upon a
second person carefully pouring water into the bowl,

262. Let B C, Fig. 30, be the surface of some water in a vessel,

and § 4 aray of light incident on it at Fig. 30.
4, N A N the perpendicular to the sur-
face, 4 Rthe direction of the reflected
ray, and 4 T the direction of the re-
fracted ray ; then :—

The angle § 4 N is the angle of inci-
dence.

The angle N 4 R is the angle of
reflection,

The line ¥ .2 N is called the normat,

The angle T'.4 N is called the angle of refraction.

Let A a be taken equal to . b, and from ¢ and b let fall the
perpendiculars e m and b n to the normal N.4 N; then :—

The line a m is called the sine of the angle of incidence.
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The line b n is called the sine of the angle of refraction.
The line a m divided by the line b n is called the index of
refraction, and is commonly represented by the letter =.

263, The general laws of the refraction of light may be thus
stated :—

1. The incident ruy, the refracted ray, and the normel are all in

the same plane, and the sine of the angle of incidence bears

a constant ratio, in the same medium, to the sine of lhe

am ]
angle of refraction, or T =n=e constant quantity.

1I. When aray of light passes from a rarer into a denser medium,
as from air into waler, it is bent towards the normal or
perpendicular,

111, When a'ray of light passes from a denser into a rarer medium,
it is refracted from the normal or perpendicular. .

IV. When a rayof light is incident perpendicularly on a refracting
surface, it suffers no refraction or change in its direction.

V. The index of refraction is always the same for the same me-
dium, whether the angle of incidence be great or small,

264. The index of refraction differs for different bodies, being,
as & general rule, greatest in combustible bodies, and increasing
algo with the density of the body. The indices of refraction of
a few of the most remarkable bodies are exhibited in the follow-
ing—

TABLE OF INDICES OF REFRACTION.

SUBSTANCE. INDEX OF REFRAC. | SUBSTANCE. INDEX OF REFRAC.
Vacuum......... 1:000000 | Crown Glass........ 1-500
Hydrogen........ 1-000138 | Flint Glass ......... 1:639
Oxygen.......... 1-000272 | Sulphur............. 2-040
Nitrogen......... 1-000300 | Phosphorus.c....c... 2-224
Air..... ceeranane 1:000294 | Diamond ........... 24817
Water..ooeevenns 1-366 Chromate of Lead.... 2-936

285. The preceding table gives the index of refraction of aray
of light passing from & vacuum into various media. In order to
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determine the index of refraction for light passing from one
medium into another, we must divide the index of refraction of
the second medium by that of the first.

Thus, the index of refraction of a ray of light. passing from water into

crown glass is 1500
8 T366

air the index of refraction is

=1098; of & ray of light passing from water into
1°000294
1:366
266. When light falls upon a polished metallic reflector, it is
partly reflected by the surface, and partly absorbed or otherwise
lost; when it falls upon a glass reflector or other transparent
medium, asecond portionisreflected fromthe second surface. In
all cases the amount of light reflected by the first surface is
greatest when the incident rays are perpendicular to the surface.
The number of rays reflected out of 100 rays incident at diffe-
rent angles by different reflectors is shown by the following—

= 0732, &e.

TABLE SHEWING RAYS REFLECTED OUT OF 100 INCIDENT RAYS.

Angle of| Crown | Plate Flint [Speculum| Polished
Incidence. Glass. | Glass. | Glass. Metal. Steel.

100 3-608 3:546 | 3-819 70-85 6052
209 3-837 3-790 | 4-117 69-43 ceene
300 4-189 4-164 | 4574 68-11 6869
400 4-767 4-7718 1 5-320 6691
500 5-810 5:882 | 6°656 6587 54-96
600 7.964 8-165 | 9-369 65-03 ceees
700 13-448 13-891 [ 16-015 64-41 ceees
809 | 32-396 | 33-155 | 36-422 6404
90° | 75-776 74-261 | 72:074 63:91 5360

TOTAL REFLECTION.

267. Under ordinary circumstances, when light falls upon a
transparent body it is partially reflected by the first and second
surfaces, and partially transmitted ; when, however, the rays fall
very obliquely upon the second surface of the transparent medium,
they are wholly reflected, i. e. they do not pass through the sur-
face into the rarer medium beyond. This phenomenon is known
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as the Total Reflection of light, and can, of course, (Art. 563,)
only take place when the exterlor medium is less dense than that

in which the rays are passing.

268. When light passes from a denser to a rarer medium, the
angle of refraction ig greater than the angle of incidence. In the
case of water and air, the angle of refraction is 909 when the angle
of incidence is 480 35; so that if a ray of light passes through
water making an angle greater than 489 35’ with the perpendi-
cular, the refracted ray makes an angle greater than 98¢ with the
perpendicular, and consequently does not pass from the water
atall. Light passing through common glass at an angle greater
than 41° 49’ suffers total reflection.

NoTE 1.—To an eye placed beneath the surface of water, all the objects

above the horizon would be seen within an angle of 97¢ 1¢/, or double the
angle of total reflection for water.

NotE 2.—The brilliancy of the light which has suffered total reflection far
oxceeds that reflected from the best metallic reflectors. This may be
shown Ly nearly filling a wine-glass with water and holding it up so that
the surface of the water may be seen from beneath. When thus placed it
presents an appearance equally brilliant with that of burnished silver, on
account of the perfect reflection of the incident light. No object above the
surface of the water in the glass will be visible,

LENSES,

269. A LExsis a transparent body, as glassor crystal, having
one or both of its sides segments of spheres.

270. The principal lenses and other optical glasses are shown
in section in Fig. 31.

R k
1. An optical prism, 4, is a triangular prism having two plane
surfaces, £ R, 4 8, called refracting surfaces, and a face,
R 8, called the base of the prism. The angle R .2 S is
called the refracting angle of the prism.
1. A Plane Glass, B, is a plate of glass having two parallel
plane surfaces, ad, cd.
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11I. A Spherical Lens, €, is a geometrical sphere.

IV. A Double Convex Lens, D, has both its surfaces convex,
either equally or unequally.

V. A Plano-Convex Lens, E, has one surface plane and the
other convex.

VI. A Double-Concave Lens, F, has both its surfaces concave,
either equally or unequally.

VII. A Plano-Concave Lens, G, has one surface plane and the
other concave.

VIII. A Meniscus, H, has one surface concave and the other con-
vex, and their relative curvatures are such that they meet
if produced. Since the centre of the meniscus ig thicker
than its edge, it may be regarded as a convex lens.

1X. A Concavo-Convex Lens, I, has one surface concave and the
other convex, but their curvaturesare such that they would
never meet if continued. The concavo-convex lens has
its centre thinner than itsed ge., and may hence be regard-
ed as a concave lens,

NoTE.—~In Fig. 31 these lenses, &c., are seen only in section, so that if
they were revolved around their central axis, M N, they would severally,
except the prism, describe the solid lenses they are designed to represent.

271. When a ray of light passes through a prism near the refract-
ing angle, it is turned towards the back of the prism, and hence
the image is removed towards the refracting angle.

Thus, let aray of light, & b, be incident upon the surface, 4 C, of the prism
A C B, it is first refracted in the direction b/, Fig. 32.
and upon emerging ifi is still further refracted
to d. An eye placed at d would therefore sce
an object at @ as though it occupied the posi-
tion a'. If the refracting angle be turned
down, all objects appear to be elevated when
seen through the prism.

NoTk.~The angle @ ¢ @' is called the angle
of deviation,
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972. The following particulars in connection with & prism are
to be carefully noted :— Fig. 33.

I. The points f and ¢ are called the,, A
geometrical centres or centres of curvalure.

II, The point d is the optical centre, a bp 1 e .
is the aperture, ¢ fis the principal axis, and -
any other line, m n, passing through disa n

secondary axis.

III. All the fays, suchas m n, f ¢, &c., that pass through the opti-
cal centre, d, are called principal rays.
273. A double convex lens may be regarded, in its action upon
light, ag being formed of two prisms of smeall refractiug angles,
placed back to back. Fig. 34.

Thus, let a b¢ and dbc be two prisms of
small refracting angles placed back to back.
‘We have seen that light, in its passage through
a prism, is bent towards the back of the prism ;
hence parallel rays, f, &, k, m, g, falling upon the
surface a b d are refracted to a focus in F; or if
diverging rays from F fall upon the surface a ¢ d,
they are refracted as parallel raysf, &, k, m, g.

274. A double concave lens may be regarded, in its action
upon light, as being formed of two prisms, of small refracting
angles, united by those refracting angles.

Thus, let » o sand 8 ¢ v be two such Fig. 35.
prisms united by their refracting angles 0 ey “
at s. Then, as before, since a ray of
light in passing through a prism is bent
towards the back, the parallel rays e, 4, 1,
falling on the surface os¢, become di-
vergent in passing through the lens;
and convergingrays, g, #, k, falling on the
surface » § v, emerge on the other side as
parallel rays, e, &, f.

275. Convex lenses are proved by the laws of refraction to
possess the following properties :—

1. Every principal ray that falls upon a convex lens of limited
thickness is transmitted unchanged in direction.

11. Incident rays parallel to the axis of the lens are refracted

to a focus; and the focus for these parallel rays is called
the principal focus of the lens.
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1I1. Rays diverging from the principal focus of a convex lens
are refracted parallel,

IV. Diverging rays emanating from & point in the axis more
distant than the principal focus converge after refraction,
and the point of convergence approaches the principal con-
jugate focus as the point, from which the rays radiate,
recedes.

V. Rays radiating from a point in the axis nearer than the
principal focus diverge after refraction, but the diver-
gence of the refracted raysis less than that of the inci-
dent rays.

276. The principal properties of concave lenses are the follow-
ing:—
I. Rays parallel to the axis are rendered divergent by a con-
cave lens,

II. Diverging rays are made still more divergent by a concave
lens.

III. Incident rays converging towards the principal focus are
made parallel by a concave lens.

IV. Incident rays that converge towards a point more remote
than the principal focus are rendered divergent by passage
through the lens.

V. Incident rays that converge to a point between the lens
and its principal focus, are refracted to a point beyond this
principal focus.

277. The focal lengths of glasses of all kinds way be found
by the following formulas :—

Let r — radius of curvature of one surface.

Y= i “ other “
d = distance of source of light.
d = i « virtual point of convergence of the

rays incident upon the lens,
¢t == thickness of lens.
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CONVEX LENSES.
Parallel Rays.
1. Double equi-convex lens, =r.
) F 2rv
II. Double unequi-convex lens, =rFr

1II. Plano-convex lens with plane

surface exposed to rays, F=2r.
1V. Plano-convex lens with convex
surface exposed to rays, F=2r-—31¢
. 27y
V. Meniscus, F=—7
Diverging Rays.
. dr
V1. Double equi-convex lens, F=93=
' 2dr?’
VII. Double unequi-convex lens, F = Wr:rm
2d
VIII. Plano-convex lens, F=3 zrr
IX. Meniscus, P= E,—(—T—_i-_;d—;l_-;_ﬁ
Converging Rays.
’
X. Double equi-convex lens, F= l—;_‘_—rr-
’ 14
XI. Double unequi-convex lens, F = m;%,—;-:dw
XIL Pl 2d’r
. Plano-convex lens, F= T

F = 2d' rr’
STe—yrzrr.

CONCAVE LENSES.

XIII. Meniscus,

ParaLLeL Ravs. The virtual foous is found by formulas I,
11, 111, and IV, and for the concavo-convex lens by formula V.

Divercing Ravs. The wvirtual focus is found by formulas
X, XI, XII, and XIII.

Converaing Rays.—The focal length
gths are found by formulas
VI, VII, VIII and IX., y
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EXAMPLES.
ExXAMPLE 1.—~What is the focal length, for parallel rays, of a convex
lens whose radii of curvature are each 7 inches?
SOLUTION.
Formulal, F=r =1 inches. 4xs.
EXAMPLE 2.—What is the focal length, for parallel rays, of a glass sphere

whose diameter is 23 inches ?
SOLUTIOR.

Formulal., F=r=4}of2} =1} inches, 4Ans.

ExAMPLE 3.—What is the focal length, for parallel rays,of & meniscus
whose radii of curvature are respectively 6 and 5 inches?

SOLUTION.
!
Formula V. F= 21‘_1" = _2_>f6_><_5_ = ﬂ. == 60 inches. Axs.
r—r 6—5 1

EXAMPLE 4—What is the focal length of 2 double convex lens whose
radii are respectively 4 and 5 inches, for rays emanating from a point 20

feet distant ?
B8OLUTION,

2drr! — 2X20X 4 X5
d{r4+r)—2rr 240{4 4+ 5) —2X 4 X5

Formula VII. F =

9600 __ ...
2120 4°528 inches, Ans.

ExXAMPLE 5.—~What is the focal length, for parallel rays, of & plano-con-
vex lens whose radius of curvature is 10 inches and thickness ¢ an inch,

the rays falling on the convex side ?
BOLUTION,
Formula IV. F—=2r—$¢=2 X 10— % of $=20—1}1=19% inches.

ExaMPLRE 6,.—What is the virtual focal length of a double concave lens
whose radii of curvature are 11 inches and 9 inches, the incident rays con-
verging towards a point 20 inches from the lens?

SBOLUTION.
2drr —2X20X11X9 —
d(r+r)y—2rr 20 (11 4+ 9)—2 % 11 X9
=19'6 inches, 4ns.

Formula VII, F=
3960
202
EXAMPLE 7.~What is the virtual focal length of a concavo-convex lens
whose radif of curvature are 11 and 7 inches, the rays emanating from a
point 5 feet before the lens P
. 8OLUTION,
adry! 2XE0XILYT —
ngormula XL F = d(r—r)+ersr 60 (11—7) 42 X 11X7

B0a 23°45 inches, Ans.
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EXERCISE.

8. What is the focal length, for parallel rays, of a glass lens in the form
of a sphere having a diameter of one-sixteenth of an inch ?
Ans. g of an inch.

9. What is the focal length of a double convex lens whose radii of curva-
ture are 10 and 3 inches, for incident rays appearing to converge to a point:
40 inches from the mirror? Ans. 41379 inches,

10. What is the focal length, for parallel incident rays, of a meniscus
whose radii are 15 and 17 inches ? Ans. 255 inches,

11. What is the virtual focal length of a double concave lens whose
radii of curvature are 16 and 20 inches, for incident rays diverging from a
point 20 feet from the lens? Ans.16'65 inches, *

12. What is the focal length, for parallel rays, of a double convex lens
whose radii are each one-third of an inch ? Ans. } of an inch,

13, What is the focal length of a plano-convex lens whose radius of cur-
vature is 8 inches, for rays converging towards a point 4 inches from the
lens? Ans. } inches.

14. What is the focal length of a meniscus whose radii of curvature are
83 and 8% inches, for rays diverging from a point 40 inches before the lens?
Ans. 37,84 inches.

15. What is the focal length of a donble convex lens whose radii of curva-
ture are 14 inches and 13 inches, for divergent rays proceeding from a point
100 inches distant from the lens ? Ans. 1515156' inches.

16. What is the focal length of a meniscus whose radii of curvature are
21 and 29 inches for incident rays convergent towards a point 10 feet from
the lens ? Ans. 67107 inches.

17. What is the focal length, for parallel rays, of a plano-convex lens
whose radius of curvature is 20 inches and thickness 14 inches, the rays
being incident upon its convex surface ? Ans, 39 inches.

18. What is the focal length of a concavo-convex lens whose radii of cur-
vature are 15 and 16 inches, for incident rays converging towards a point
100 inches from the lens? Ans. 823 % inches.

19. ‘What is the focal length of a plano-convex lens, for parallel rays, the
radius of curvature of the lens heing 80 inches and the plane face being
exposed to the rays ? Ans. 60 inches.
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LECTURE XXI.

FORMATION OF IMAGES BY LENSES, MAGNIFYING
POWER OF LENSES, SPHERICAL ABERRATION,
CHROMATIC ABERRATION.

278. Images are formed by lenses in precisely the same man-
ner a8 by mirrors, and are, like those produced by the latter,
either real or virtual.

4 Bis an object on Fig. 36.
one side of the lens,
L M, and further re-
moved from it thanits
principal focus, F, All
the raysthat emanate
from 4,as d¢a,Adca,
A d a, are made to
converge to a focus, a,

279. The formation of an image by a convex lens may be
where they paint an
image of the point 4.

understood by a reference to the accompanying figure.
v
1
Similarly all the rays e

that proceed from B are nnited in the point b, and thus an inverted image
is formed on the remote side of the lens.

280, If the object be placed between the lens and its princi-
pal focus, as in Fig. 37, the rays diverge on leaving the lens,
and form a virtual, magnified, and erect image on the same side
as the object and more remote from the lens.

Let 4 B be an object Fig. 37.
placed before thelens, LM,
and within its focus. Then
all the rays that emanate
from A,a8 46 F, A c a',
4 d ad, are refracted by
their passage through the
lens and appear to pro.
ceed from a. Similarly P
the rays from B,as BdF, 3 A )

BcY, Bel, appear to proceed from 5° The result is that an eye placed
at F receives the rays of light issuing from the object 4 B as through
they proceeded from a 5,
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NoTE.—As the image @ b and the object 4 B both subtend the same
angle, a ¢ b, to the eye, and the former is more remote, it is of course mag-
nified. The enlarged image obtained by a single lens used as a microscope
is of the kind here described.

281. A concave lens gives a reduced virtual image on the
same side of the lens as the object.

282. The following points are to be remembered in connec-
tion with the formation of images by lenses :—

I. All real images are inverted, and all virtual images are
erect.

II. The size of the image is to the size of the object as the
distance of the image from the lens is to the distance
of the object from the lens.

III. If an object be placed before a double equi-convex lens at
the distance of twice its focal length, the image is on
the other side of the lens, at an equal distance from it,
and of equal size.

IV. As the object approaches nearer to the convex lens, the
image recedes, and vice versa.

V. When the object is in the focus of the convex lens, the
rays are refracted parallel, and the image is infinitely
distant.

VI. When the object is more remote from the convex lens than
its focus, the image ig real and inverted. It is mag-
nified if the object is distant less than twice the focal
length of the lens, but is diminished if the object is
distant more than twice the focal length of the lens.

VII. When the object is between the convex lens and its focus,
the image is virtual, erect, and magnified.

VII. The larger the lens, the greater the number of rays of
light it receives from the object, and consequently the
brighter the image.

MAGNIFYING POWER OF LENSES.

283. The apparent size of an object depends upon the angle
at which it is geen, because the eye judges of the magnitude of
an object by the direction or divergence of its limiting rays.
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Thus, if the lines drawn from the extremities of an object
placed at a certain distance before the eye, meet on the retina
making an angle of say 30°, the object will appear twice as
large as when removed to such a distance as to subtend an
angle of only 15°, &c. The nearer, then, an object can be
brought to the retina, the greater will be the angle under which
it is viewed, and consequently the greater its apparent mag.
nitude.

284" If 2 man be placed at the distance of say 200 feet from
the eye, the image formed on the retina subtends so small a
visual angle, and is hence so indistinet, that we are unable to
discern his features with any degree of clearness. Now suppose
we place midway between the man and the eye a convex lens
of 50 feet focal length, we shall obtain (Art. 282, III.) an
inverted image of the man 100 feet behind the lens, and this
image will be of the size of life. The eye now, being only 6
inches from the image, can examine minutely the details of
his personal appearance. The effect of the lens has therefore
been to bring the man from the distance of 200 feet to the dis-
tance of 6 inches, or, in other words, to bring him 400 times
nearer to the eye, and it has hence apparently magnified him
400 times.

285. By using a lens of less focal length, we might have
actually as well as apparently magnified the image of the man.
Thus, suppose the man to be, as before, 200 feet from the eye,
and that between the eye and the man, 25 feet before the latter,
we place a lens whose conjugate focal lengths are 25 and 175
feet. Then the man being 25 feet before the lens, his image will
be 175 feet behind it, and will be magnified in the proportion of
175 to 25, i. e. 7 times. At the same time, the lens has had the
effect of bringing the image 400 times nearer the eye, and hence
its apparent magritude has been increased 7 X 400 = 2800
times,

286. If, in the last case, we change the relative positions of
the object and the eye, the image would be actually diminished
7 times in magnitude ; but as it is still brought 490 times nearer

Al
I
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the eye, its apparent magnitude will be increased 492 =57}
times.

287. The distance of distinot vision i3, for most persons, about
10 inches, i. e. unaided by glasses they perceive a small object
when placed at that distance from the eye more clearly than
when at a greater or less distance. This arises from the fact
that in order to produce a clear well-defined image on the retina,
the rays must enter the eye very nearly parallel to one another.
When we bring an object very near to the eye it we give it great
apparent magnitude but it becomes very indistinct. But if we
bring an object nearer to the eye than the limit of distinct vision,
and then by any contrivance cause the rays that proceed from it
to enter the eye in & state of parallelism, we magnify the image
without militating against its clearness, Now we have seen
that when therays emanate from the focus of any lens they emerge
parallel,sothat whenan object or the image of one is placed inthe
focus of alens held cloge to the eye and havingashort focal length
the rays will enter the eye under the conditions requisite to give
clearness of vision, and the image will be magnified in proportion
to the proximity of the object to the eye. Thus, suppose the focal
length of the lens is § of an inch, then its magnifying power will
be 10 inches, the limits of distinct vision, divided by § of an inch,
the focal length of the lens, i. e. 40 times, and, since the apparent
superficial magnitude is always as the square of the apparent
linear magnitude, the magnifying effect of such a lens is describ-
ed by saying it isequal to 40 linear or 1600 superficial powers.

SPHERICAL ABERRATION.

288. The rays refracted from a convex or concave surface do
not all meet in the same point, but those which enter the lensat
itg principal axis are refracted to a focus more remote or nearer
the lens than those which enter at its edge. This imperfection is
called the spherical aberration of lenses.

289. Let L M, Fig. 38, be a plano-convex lens with its plane
surface exposed to the parallel rays B L, CK,DP,EM. Let
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C k and D p be inci-
dent upon the lens
very near its princi-
pal axis, AmnF,
and let F be their
focus after refrac-
tion; also let B L
and E L be incident
near the edge of the lens; it will be found, upon tracing their
course by the rules before laid down, that they meet in a focus,
J, much nearer the lens than F. Let the rays M fand L f be con-
tinued ti]l they meet G H, a plane perpendicular to the line A4 F,
then

The distance F f is called the longitudinal spherical aber-

ration of the lens.

The distance G H is called its lateral spherical aberration,

290. The following will give some idea of the amount of
longitudinal spherical aberration of different lenses :—

I. In a plano-convex lens, placed as in Fig. 38, the aberration
is equal to 4'5 times m =, the thickness of the lens.

II. In a plano-convex lens with its convex side exposed to the
parallel rays, the aberration is only 1-17 times its thick-
ness.

III. In a double equi-convex lens the aberration is 1'67 of its
thickness.

IV, In a double convex lens havingits radii of curvature as 2 to
5, the aberration is about 4-5 times the thickness of the
lens if the side whose radius is 5 is turned towards the
parallel rays, butis only about 1-17 times the thickness of
the lens if the other side is exposed to the parallel rays.

V. The lens with least spherical aberration is a double convex
lens whose radii areto each other as 1 to 6. When the more
convex side of such a lens is exposed to the parallel rays,
the aberration is only }-07 of the thickness ; but when the
flatter side is thus exposed, the aberration is as much as
345 of the thickness of the lens.
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291. The effect of spherical aberration is, obviously, to produce
indistinctness in the image. This arises from the fact that all
the rays thatemanate from any point of the object are not refrac-
ted to the same focus, and the result is the production of several
images—the rays from which cross one another and interfere, so
as to produce caustics and render the principal image obscure.

292. Lenses whose sections are ellipses or hyperbolas are
perfectly free from spherical aberration; but owing to the great
difficulty of accurately grinding them to these forms, the lenses
employed in optical instruments are always simply convex or
concave and other means are made use of to obviate the difficulty
arising from aberration. .

293. These means are chiefly two in number. The first and
simplest consists in placing, between the lens and the object, a
perforated metallic or other disc, which is technically called a
diaphragm. The perforation is of such a size as to allow only
those rays to enter the lens that would fall upon its middle part ;
in other words all the rays that would pass through the lens near
its margin are stopped, and the image is thus rendered much
more distinct. The second method consists in uniting a menis-
cus with a double-convex lens. The radii of curvature of these
lenses have to bear certain proportions to one another, and
these proportions have been computed by Sir J. Herschel.
When used as a magnifying glass, as in the microscope, the
meniscus is directed to the object, but when used for form-
ing an image, or as a burning glass, the convex lens is directed
to the object,

CHROMATIC ABERRATION.

294. When a ray of ordinary white light is refracted by a
lens of any form, consisting of a single refracting medium as
glass or a gem, it is decomposed as by a prism, and dispersed
into & more or less perfect spectrum. It follows that when a
single lens is placed before an object, the rays of white light pro-
ceeding from the latter are decomposed. The violet rays, being
most refrangible, are refracted to a focus nearer to the lens than
the focus of the yellow rays, and these latter nearer than that of
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the red rays. The image formed by such a lens is coloured vio-
let if it is formed in the focus of the violet rays, and is bordered
or fringed with red and yellow; it is yellow if formed in the focus
of the yellow rays, and is fringed with blue or red, &c. This
imperfection in lenses is known as chromatic aberration.

295. It was believed by Newton that it was impossible to
refract light without decomposing it, and he wasled to this belief
by supposing that the dispersing power of a body was always
in proportion to its refracting power. It is now known, however,
that the dispersive power of a body is not always proportional
to its index of refraction. Crown-glass and flint-glass bave
very nearly the same index of refraction, yet the dispersive
power of the latter is nearly twice that of the former. This
circumstance enables us to correct chromatic aberration.

298. A convex lens causes the violet rays of light to converge
more powerfully than the red rays, while a concave lens
causes the violet rays to diverge more powerfully than the red
rays. Itis plain that, by combining together a convex and a
concave lens, we may overcome the difficulty of chromatic aber-
ration ; but if we make both lenses of the same kind of glass, the
concavity of the one will be exactly equal to the convexity of the
other, and the magnifying power of the convex lens is destroyed.
Now flint-glass disperses twice as powerfully as crown-glass,
so that a concave lens of flint-glass which is just sufficient in
power to correct the chromatic aberration of a convex lens of
crown-glass, is not capable of completely neutralizing its mag-
nifying power. A compound lens of the kind here described
is called an achromatic lens.

NorE.—The combination employed to prodice achromatism overcomes
also to a certain extent the spherical aberration of the lens.
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LECTURE XXII.
OPTICAL INSTRUMENTS.

THE SIMPLE MICROSCOPE, THE COMPOUND MICRO-
SCOPE, THE TELESCOPE, THE MAGIC LANTERN,
THE CAMERA OBSCURA.

297. A Microscork (micros, * small,” and skopeo, ‘I see”) is
an optical instrument used for magnifying very small objects in
order to enable us to examine them more minutely.

298. Microscopes are simple or compound, achromatic or not
acromatic.

209. A SivpLE MicroscorE consists essentially of a single lens,
which magnifies the object by enabling us to bring it in close
proximity to the eye without rendering it indistinet. (See
Arts 280, 2817.) ‘

NoTE~Two or three or more lenses may be combined 8o as to act
asa single lens and constitute a simple microscope. Two lenses thus act-
ing constitute what is called a doublet, three lenses a triplet, &c.

300. The following are the principal simple microscopes
occasionally employed :—

I. A minute hole perforated in a piece of black card-board by
a fine needle.

II. A drop or globule of Canada balsam suspended in a hole
made in card-board or a sheet of metal.

III. A glass sphere or globule made by holding a glass thread
in the flame of a spirit-lamp until it melts and runs
into a sphere.

IV. A drop of water, oil, varnish, or Canada balsam suspended
from the lower surface of a clear glass plate.

V. A glass magnifying lens properly ground and polished.

VI. A lens of garnet, diamond, or other precious stone simi-
larly ground and polished.

VII. The Wollaston lens, which is formed by two plano-convex
or double-convex lenses placed in & brass cup or tube
and separated by a diaphragm of blackened wood,
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VIII. The Coddington lens, the most perfect of all simple
microscopes, consists of a spherical lens with itz equa-
torial portions ground away so as to limit the central
aperture.

301. A Compounp MioroscoPe congists of two or more lenses
so arranged that one forms an enlarged image of the object and
the others magnify this image.

The mode in which this is accomplished may be understood by a refer-
ence to Fig.39. The minute object, M 3, to be examined. being placed 2
short distance beyond the Fig. 39.
principal focus of the ob-
Jject-glass, 4 B, a magni-
fied inverted image is
formed at m %, A second
lens, the eye-glass, being
so placed that this image
shall fall in its principal
focus, acts as a simple
miroscope in enlarging the image. Com meonly, however, a third lens, E F
called the field-glass, is placed between the object-glass, 4 B, and the eye-
glass, C D, It has the effect of intercepting the extreme pencils of light
m, n, which would otherwise not have fallen on the eye-glass.

NoTE.—The lens 4 B is called the object-glass or objective, the lens E F
the field-glass, and the lens C D the eye-glass or ocular ; and the first and
last may, like the simple microscope, be doublets, triplets, &c.

302. CompounD AcHROMATIC MicroscopEs are of various forms
and are supplied with a variety of delicate mechanical contri-
vances to enable the operator properly to adjust the instru-
ment. In all, however, the essential parts are the three lenses
above described. Commonly the object-glass consists of a triple
achromatic objective, and the field-glass and eye-glass are
combined into one eye-piece, and are so arranged as to correct
both the spherical and the remaining chromatic aberration.

303. The angular aperture of a microscope is the angular
breadth of the cone of light the object-glass receives from the
object and transmits through the instrument. Of course it
depends upon the diameter of sthe lens and the distance of the
object.
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NoTE.~Tle principal English manufacturers of microscopes are Ross,
Powell, Smith, and Beck, A first-rate achromatic compound microscope
made by one of these is worth from $100 to $500,and in some cases a single
lens of high power costs from $20 to $50. The prize microscope of Mr.
Ross had the following lenses :

1 inch focal length, .......ccovveerinnn..n 277 angular aperture,
... 60° ‘
. 1187 “«
. 1077 «
gt “ rrreries e reresennas 1357 «“

304. The following are the principal rules with regard to the

power of a microscope :—

I. The illuminating power varies nearly as the square of the
angular aperture.

I, The penetrating power varies directly as the angular
aperture.

II1. The visual power varies as the square root of the angular
aperture.

IV. Thedisturbance arising from spherical aberration varies as
the square of the angular aperture.

V. The defining power, or sharpness of minute detail, varies
as the degree of perfection with which the spherical
and chromatic aberration is corrected.

VI. The magnifying power of the compound microscope is
found by multiplying together the magnifying power
of the objective and of the eye-piece.

305. Tae Sorar Microscore is simply a variety of magic lan-
tern (Art. 314) in which the light of the sun is thrown by an
inelined reflector through the back of the instrument upon the
object to be magnified so as to strongly illuminate it and thus
allow higher magnifying powers to be used. The image is cast
on a screen, and may thus be exhibited to many persons at the
same time. '

308. Tre Oxy-BYDROGEN Microscope differs from a solar mi-
croscope merely in employing the light obtained by casting a
burning jet of & mixture of bydrogen and oxygen gases upon a
piece of chalk or lime. Asin the cage of the solar microscope
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the image is cast upon a screen, and so us to be viewed by
many persons at once.

307. The magnifying power of a microscope may be computed
a8 follows: Let d = distance of distinct vision = 10 inches,
» = magnifying power of lens, and / = focal length of lens.

Then for a simple microscope or a magnifying lens p:%-

ExAMPLE 1.—What is the magnifying power of a lens whose focal
length is 5 of an inch?

SOLUTION.
d

10
= 7— = ?= 60 linear, or 502 = 2500 superficial dimensions.
EXAMPLE 2.—What is the magnifying power of a simple microscope
whose focal length is 2 of an inch?

SOLUTION.

For a compound microscope, find the magnifying power of the
objective by dividing the distance of the image formed by it by
the distance of the object, and multiply the result by the magnify-
ing power of the eye-piece as oblained above.

ExAMPLE 3.—In a compound microscope the object is placed of an inch
from the objective, and the eyc-glass has a focal length of # of au inch, the
distance between the objective and the focus of the eye-glass being 8 inches,
what are the linear and superficial magnifying powers of the microscope ?

SOLUTION.
8 inches -~ 3 = 64 — linear magnifying power of objective,
d __10 __ 40 __ . "
= 7 = ? = 3 == 13} = linear mwagnifying power of eye-glass,

Then 64 X 13} = 853} —linear, and (853})2 = 7281777 = superficial mag.
nifying power of the combination.
EXERCISE,

4. What is the magnifying power of a lens whose focal length is § of an
inch ? Ans. 26} linear dimensions.

5. What is the magnifying power of a simple microscope whose focal

length is 4 inch to a person whose limit of distinct vision is 7 inches?
Ans, 28 linear dimensions.
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6. What is the magnifying power to a good eye of 4 compound micrys
scope, having an eye-piece 4 inch focal length, the object being placed § of an
inch from the objective and the distance between the objective and the
focus of the eyc-piece 6 inches? What would be the magnifying power to
a person whose limit of vision is only 6 inches P

Ans. (1) 480 linear dimensions,
(2) 288 linear dimensions.

7. The eye-picce of a microscope has a focal length of ¥ of an ingh, the
object is placed # of an inch from the objective and the distance between
this latter and the focus of the eye-piece is 11 inches. What is the magni-
fying power of the instrument ? Ans. 1026} linear dimensions.

S. A near-sighted person whose limit of distinct vision is only 4} inches,
uses a compound microscope with an eye-piece 4 inch focal length, the
object being % inch from the objective and the focus of the eye-glass 8 inches
from the objective, What, to him, is the magnifying power of the instru-
ment? Ans. 192 linear dimensions.

THE TELESCOPE.

308. TeLEscoPES (from fele, * far off,” and skopeo, * I see”) are
instruments constructed for viewing distant objects. They
are either refracting or reflecting, the latter differing from the
former merely in having one or more reflecting mirrors or
specula.

NoTE.—The telescope was invented in the thirteenth century, and was
introduced into England by Roger Bacon. James Gregory was the first to
describe, and Sir Isaac Newton the first to construct, a reflecting telescope.

309. Tae AsTronomicaL TELESCOPE consists of two convex
lenses, viz. an object~-glass and an eye-glass. The object-glass is
placed at one end of a tube longer than its focal length, and the
eye-glass in a smaller tube which slides in and out of the larger,
so as to allow of the focus being properly adjusted. An inverted
image of any distant object is formed by the object-glass in the
focus of the eye-glass, and this latter magnifies it, and transmits
the rays in 2 state of parallelism to the eye. The astronomical
telescope always gives an inverted image, and its power i3
found by dividing the focal length of the object-glass by the
focal length of the eye-glass. (See Fig. 40.)

310. TeE TELESCOPE OF GALILEO (used in 1609 and the oldest
in form) consists of a double convex lens of long focus, used as
an object-glags, and a concave lens of short focus as eye-piece.
The lenses are placed at a distance apart equal to the difference
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of their principal foci. The light from a distant objeci col-
lected by the large surface of the convex lens is converged
towards a focus beyond the concave eye-glass, and is by it re-
fracted to the eye in a state of parallelism. The magnifying
power is found, as in the astronomical telescope, by dividing the
focal length of the objective by the focal length of the eye-
piece.

NorEe 1—The telescope of Galileo gives an erect and very clear image of

the object, but, owing to the divergence of the rays through the eye-glass,
the field of view is small,

NortE 2.—The opera-glass consists of two smail Galilean telescopes placed
side by side, so as to be used by both eyes at once.

Note 3.—The Night-glass used by seamen is formed like a large opera-
glags. It has low magnifying power, but concentrates a large number of
the rays emitted by a distant object, and transmits them to the eye in the
condition required for distinct vision,

311. The TerresTrIAL TELESCOPE differs from the Astronomical
merely in having two additional lenses for the purpose of
refracting the image to the eye in an erect position.

The terrestrial telescope is shown in Fig. 40. If the lenses E Fand

G H be removed, and the eye placed at L, we have the astronomical tele-
scope and see the image inverted. The lense E F serves to erect the

Fig. 40.

k)
image, but it, at the same time, renders the rays convergent; the second
lens, G H, throws these raysinto a state of parallelism, and they reach the
eye in the condition requisite for distinct vision.

812. RerrecTiNg TELESCOPES are of various forms, and are
named after their inventors. They are used almost exclusively
for astronomical purposes, and many of them are of very great
power. The instrument described by Gregory, and hence called
the GreGORIAN TELESCOPE consists of a concave mirror having
the centre cut away. The rays of light emanating from & dis-
tant object are collected by this, and reflected so as to form an
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inverted image. They are then received on a small concuve
mirror placed fronting the great one, and are thus reflected
through the orifice of the latter, giving an erect image which is
properly magnified by an eye-glass.

The Newronian TELESCOPE consists of a concave speculum
placed in the bottom of a tube with the axis parallel to that of
the tube. The rays reflected from it are received by an inclined
plane mirror,by which they are reflected so as fo form an image
on the side of the tube. Thisimage is, as before, properly mag-
nified by an eye-piece.

HzrscHeLL's TELESCOPE consists of a metallic speculum setina
tube with its axis inclined towards the side of the latter, so a8
to cast the image (of course inverted) outside of the tube.
The image is then examined by aid of a magnifier.

In the Gregorian telescope the observer faces the object, in
the Newtonian he faces the tube, and in Herschel’s he has his
back towards the object.

NoTE 1.—Newton was the first to construct a reflecting telescope, and the
one made with hia own hands is yet in the possession of the Royal So-
ciety. Sir William Herschel constructed 200 seven-feet Newtonian reflect-
ing telescopes, 150 ten-feet, and 80 tweuty-fect focal length. He finished his
great telescope, 40 feet in length, on the 27th August, 1789, and on the same

day discovered with it the sixth satellite of Saturn. Its spéeulum was 493
inches in diameter and weighed 2118 lbs.

Notk 2.—The celebrated telescope of Lord Rosse is the largest reflecting
telescope ever constructed. It was several years in being made and was
completed in 1845. The tube is of wood hooped with iron, and is 7 feet in
diameter and 54 fect in length. The speculum is six feet in diameter and
weighs about 9000 1bs.

Since the speculum of this telescope is 72 inches in diameter, if we as-
sume the pupil of the human eye to be +5 of an inch in diameter,
the speculum is 720 times as grcat in diameter as the human eye, and
518400 times as great in surface, Now if one half of the light be lost by
reflection from the mirror, we shall have concerned in forming the image
259200 times as much light as ordinarily enters the eye. This will, in a
measure, account for the remarkable power of the instrument.

313. The lenses employed in good astronomical telescopes
require to be achromatie, and it is difficult to obtain them of
large size. This arises from the fact, that, ag before explained,
the achromatic lens consists of a convex lens of crown-glass
combined with a concave lens of flint-glass, and, in practice, it
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is found almost impossible to obtain flint-glass in large pieces
of uniform density, free from flaws, veins, and other imperfec-
tions,

NoTE 1.—Some idea of the difficulty of obtaining large achromatic lenses
may be gleaned from the fact, that the object-glass of the great achro-
matic reflecting telescope of Cambridge, Mass., is but sixteen inches in
diameter, and yet it cost, unmounted, the enormous sum of $15000. And
it is recorded as a perfect marvel that a Mr. Bontemps, in the employ-
ment of Chance Brothers & Co. of Birmingham, has succeeded in pro-
ducing a disc of flint-glass 29 inches in diameter, 2 inches thick, weighing
200 1bs., and so free from imperfections as to be very nearly faultless.
‘When combined with a crown-glass lens into an achromatic objective, it
will be worth many thousands of pounds sterling.

NoTE 2—THE MAGNIFYING POWER of a telescope is measured by the
apparent enlargement of the image,

THE ILLUMINATING POWER of 2 telescope is the amount of light
which it collects from the object and transmits to the eye, as compared with
the amount of light the unaided eye would collect from the same object.

THE PENETRATING POWER of a telescope is the ratio of the distance
from which the eye and the telescope would collect, for the purposes of
vision, an equal amount of light. The penetrating power is equal to the
square root of the illuminating power.

THE VIsUAL POWER of a telescope is found by multiplying the pene-
trating power by the magnifying power and extracting the square root of
the product.

It D — diameter of the objective, d — diameter of the pupil of the eye,
# == number of lens through which the light has to pass before reaching
the eye, # =the amount of light transmitted by each lens, comm.only about

0y V'=visual power, P = pengtrating power, I = illuminating power,
and M — magnifying power,

focal length of object-glass L= Dran

M=
Then focal length of eye glass ' =~ —  dz ’

2

P:deflz‘%‘\/x—"; V=yur= gﬂ#gé

314. Tre Maaeic LANTERN i an instrument used for projecting
on a screen a magnified image of an ohfect painted in transpa-
rent colors on glass.
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Fig. 41,

1t consists essentially of a dark chamber or tin box, 4 4', which contains
the source of illumination, the lenses, &c. The parabolic reflector, ¢,
receives the diverging rays of light from the lamp, L, and reflects them
parallel upon the convex illuminating lens, m. The lens m concentrates the
light upon the object which is painted on a slide that fits intoed, The
rays proceeding from the strongly illuminated object pass through a second |
convex lens, #, by which they are converged upon a screen, so as to give a
maguified image. (See Art. 279.)

315. The magnifying power of the Magic Lantern is equal to
the distance of the screen from the lens, », divided by the dis-
tance of the object from the same lens. It follows that we may
increase the size of the image at pleasure by either increasing
the distance between the lantern and the screen, or by decreasing
the distance between the object and the lens, proper adjustments
being attached to the instrument to enable us to do the latter.
Since, however, the amount of light transmitted through the
lens, n, remains unchanged, the brilliancy of the picture decreases
as its size is enlarged.

NorEe.—In order to enable us to cast a large picture, we may make use
of a more powerful light than that obtained by a common lamp, as for ex-
ample the Bude light or the oxy-calcium light (See Art.218). If we employ

the concentrated light of the sun, or the oxy-hydrogen light, we have the
so-called solar microscope or the oxy-hydrogen microscope.

NoTE 2.—It will be remembered that a single convex lens like that em-
ployed in the lantern gives an inverted image ; hence in order to have the
picture erect on the screen, the object must be inverted in the lantern.

NoTE. 3.~1t is advisable, when possible, to cast the picture on a white
wall, as then all the raysare reflected to the eye, and a brighter picture ob-
tained than when a screen is employed. This is evident when we consider
that the screen partly reflects the light and partly transmits it, the picture
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being equally well seen either before or behind it. If a soreen is used, it
should be waxed or kept wetted, in order to prevent rays being thrown
from the lens to the eye through the pores of the muslin.

818. Tae Camera OBscura (“dark chamber”), in its common
form, consists of a box, Fig. Fig. 42.
42, with a convex lems, C,
which receives the light
proceeding from an external
object, and refracts it diver-
gently upon a plane reflector,
A, placed at an angle of 1. ¢ A
459 to the top of the box. .
This reflects or casts an image upon a ground glass screen, B.

NoTe.—The picture thus obtained is inverted only as regards right and
left portions, and is very distinet and vivid with all its natural colors, the
external light of course being excluded as much as possible from the
screen, B. Other forms of the instrument are employed, but they are the
same in principle as the one here described. In the camera employed by
photographers, the lens € is moveable by a rack and pinion adjustment, so
as to bring it to a focus, and the image is received upon a prepared plate
placed vertically in the chamber,

LECTURE XXIII.
THE EYE AND VISION.

817. Tur Houawn EvE is a most perfect and wonderful optical
instrument. It is globular in form, is placed in a deep bony
socket called the ordit, and is further protected by eyelids, eye-
lashes, and an eyebrow. The ball of the eye consists essentially
of three distinct coats or membranes, inclosing three distinct
fluids or humors.

318. The parts of the eye which require description in this
connection are the following :—

The three coats of

II. The Choroid coat. the eye.

1. The Sclerotic Coat and the Cornea. §
III. The Retina and Optic Nerve.
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IV. The Crystalline Lens.
V. The Aqueous Humor. § The three fluids of the eye,
VI. The Vitreous Humor.
VII. The Iris and the Pupil.
VIII. The external appendages of the eye.
IX. The means adopted for keeping the surface of the eye
moist.
X. The means by which the movements of the eye are effected.

319. Tue ScLEroTic Coar (skleros,* hard ”) is the outer mem-
brane of the eye. It is dense, hard, and pearly-white in color,
being transparent only in front, where it becomes more convex,
and is called the CorNgA (cornu, ¢ a horn.”) The cornea may,
in fact, be regarded as a distinct membrane set into a groove in
the sclerotic, as a watch-glass is set into the rim of a watch ; it
is, however, so firmly united to the sclerotic that they are com
monly taken as one.

320. Tag Cuorowp Coar (chore,  a region”) i3 a strong mem-
brane consisting chiefly of blood-vessels and nerves. It linesthe
sclerotic coat and is covered anteriorly by the pigmentum nigrum,
or black pigment, a layer of cells which bave the power of secret-
ing a black granular matter in their interior. The choroid coat
becomes modified in the front part of the eye, and is then called
the iris.

321. The ReTINA (rete, * a net-work ” ) is an exceedingly deli-
cate film or net-work of nervous fibres spreading out from the optic
nerve. The retina covers the choroid coat, or rather the pig-
mentum nigrum which overlies the latter. It does not extend
over the whole interior surface of the eye, but proceeds for-
ward nearly as far as the iris. The optic nerve penetrates the
choroid and sclerotic coats, and passes through the back of the
orbit to the brain.

822. The IRris (iris, ‘‘ a rainbow ") is a Mjembrane of various
colors forming a curtain or diaphragm. It'is the colored por-
tion of the eye, and is adherent by its outer margin to the
choroid coat. The central aperture of the iris is called the
pupil, and is capable of enlargement and contraction by meang
of certain fibres of the iris.
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323. Tre OrvsraLLine LENs is placed behind the iris and very
near to it. It resembles thick jelly or soft gristle in consistence,
but being placed in 2 membrane or capsule so as to have the
form of & lens, it receives its common name. It is, however,
sometimes spoken of as the crystalline humor, The crystal-
line lens i3 more convex in front than behind, and consists of
several layers which increase in density from the circumference
to the centre. The capsule containing it is suspended or held
in its place by little bands proceeding from the choroid coat and
known as the ciliary processes.

324, The part of the eye between the iris and the cornea is
called the anterior chamber of the eye to distinguish it from the
part between the iris and the lens, which is called the posterior
chamber of the eye.

325. Tae Aqueous Homor ( aqua * water”) is a thin watery
fluid which fills the whole of the eye between the cornea and
the lens, so that it fills the unoccupied space both before and
behind the iris.

826. Tax Virreous Humor (vitreum ¢ glass”) is a denser Huid,
having the appearance and consistence of the white of a raw
egg. 1t fills the large chamber behind the crystalline lens, and
consequently constitutes the bulk of the eye.

327. The external appendages of the eye consist of the eye-
brow, the eyelids, the eyelashes, and the conjunctiva. The eye
brow serves to protect the eye from falling dust, and hence it
becomes very long and bushy in millers and others who are
much exposed to dust. It also prevents the perspiration from
rolling into the eye. The eyelids and eyelashes serve to par-
tially or completely shade the eye, s0 as to protect it from the
too great or too long continued action of light. The lids also by
rapidly sweeping over the ball of the eye every few moments,
keep it freed from impurities and equally moistened. The
conjunctiva (so called because it conjoins the eye-ball with the
lids) is an exceedingly thin, sensitive membrane, which covers
the whole front of the eye, and doubles back so as to line the
eyelids, It is perfectly transparent where it covers the cornea,

K .
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but is white and semi-opaque where it covers the sclerotic
proper.

NoTE.~Birds and reptiles have a third eyelid called the nictifating
membrane; it is frequently swept over the eye o cleanse it, and being

semi-transparent, serves When required, to protect the eye from the tog
powerful rays of light without interfering with the power of vision,

328. The Lachrymal Gland (lackryma * a tear ”) lies beneath
the upper eye-lid in the upper and outer portion of the orbit. It
constantly secretes a watery fluid, which, being diffused over the
surface of the eye by the motion of the lids, washes it and
keeps it moist. Except during the act of weeping the fluidisdrawn
off as fast as formed. This is accomplished by the lachrymal
ducts, two small tubes, one opening on the inner corner of each
1id, which collect the moisture and convey it into a reservoir
called the lachrymal sac, upon the side of the upper part of the
nose ; from this it is removed by a passage into the interior of
the nasal cavity, whence it is carried off by the current of air
which passes in respiration.

329, The globe of the eye is moved by six muscles, four
straight and two oblique. These are attached to various paris
of the orbit and the ball, and except in certain diseased states,
enable us to turn the axis of the eye in any direction.

NoTE.—Strabismus or squinting commonly arises from the permanent
contraction of either the muscle whose office it is to turn the eye inward,
or that whose duty it is to turn the eye outwards. It is frequently
completely cured by a surgical operation which consists in cutting the
contracted muscle,

830. The functions of the several parts of the eye proper are

as follows :—

1. The convex cornea collects the rays of light, emanating
from an object, and to some extent converges them through the
pupil upon the erystalline lens. .

II. The iris instinctively contracts and enlarges so as to re-
gulate the amount of light admitted into the interior of the eye.

III. By the combined action of the crystalline lens and the
vitreous humor the light is converged to a focus on the retina so
ag to there depict a minute but well-defined inverted image.
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IV. The pigmentum nigrum absorbs the rays of light as soon
as they have passed through the retina, in order to prevent them
from being reflected from one part of the interior of the eye to
another, as this would cause much indistinctness of vision.

Note.—The pupil in man is circular and contracts circularly—varying
in diameter from one-tenth to one-fourth of an inch. It cannot contract or
enlarge instantly but requires a certain length of time. Hence if a person
comes from a darkened room into one brilliantly illuminated he is at first
dazzled by too much light being admitted into the eye. On the other hand
when a person goes from a light apartment into the open air at night it is
some time before the pupil enlarges so as to allow sufficient light to enter
to enable him to see surrounding objects.

In the owl, the pupil is so large that during the daytime he cannot
contract it sufficiently to protect his eye from the sun’s light, and hence
he is nearly blind by day.

In the cat and other beasts of prey that leap up and down in pursuit
of food the opening of the iris is in the form of an ellipse with its long
diameter vertical; in herbivorous animals, on the other hand, which
require a long horizontal range of vision the pupil is elliptical with its
long diameter horizontal,

331. Spherical aberration is overcome in the eye in part by
the difference in curvature of the cornea and crystalline lens—
the latter being more convex in front than behind, and in part
by the iris which acts as a stop or diaphragm so asto allow the
admitted rays of light to fall only upon the centre of the
crystalline lens.

- 8382. Chromatic aberration is corrected by the different den-
sity of the several humors, the increased density of the crys-
talline lens from its circumference to its centre, and the action
of the iris as a diaphragm.

333. We have seen that the distance of the image, from the lens
which forms it, varies with the distance of the object, and that in
the telescope, the microscope and other optical instruments some
mechanical contrivance is employed to adjust the instrument
to a proper focus. The healthy eye possesses this power of ad-
justment, to see near or distant objects, in the utmost perfection,
but of the mode in which this is accomplished very little is
known. It is, however, sppposed that either the position or the
form, or perhaps both the position and the form of the crystalline
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lens are changed so as, under all circumstances, to throw the
image on the retina, .

334. NEAR SIGHTEDNESS arises commonly from the too great
convergent power of the eye. The cornea or the crystalline lens
or both are too convex and hence they bring parallel or slightly
divergent rays to a focus before they reach the retina; by bring-
ing the object nearer, however, the rays that proceed to the eye
are more divergent and their focus is therefore removed further
back so as to fall upon the retina. The remedy, for this defect,
is the employment of concave spectacles which neutralize the
too great convexity of the eye.

NoTEe.—Care should be taken by persons who wear spectacles always to
employ lenses whose power is not too great, as such have a tendency to
increase rather than remedy the imperfection of the eye.

335. Lone sicHTEDNESS is for the most part peculiar to old
persons and arises from the partial flattening of the eye, and
consequent loss of refractive power. The result is that the
divergent rays which proceed from a near object ate refracted to
a focus behind the retina, and the image on the latter is indis-
tinct. Long sightedness is remedied by the use of convex glasses
which assist the eye in bringing the rays to a focas on the
retina.

336. The principal conditions of distinct vision are the
following :

I. The object must be situated at such a distance as to form
on the retina an image of some appreciable magnitude.

I1. The object must be sufficiently illuminated to produce a
distinct impression on the retina.

II1. Distinct vision is obtained only by rays that are sensibly
parallel or very slightly divergent.

Nore 1.—The minimum limit of distinet vision varies in different eyes—
being commonly about 10 inches but in some as Iow as 3 inches. The
maximum distance to which an object may be seen varies with its size,
color, and degree of illumination. A white object illuminated by the light
of the sun cau be seen by a good eye to the distance of 17250 times its own
diameter, a red object about half as far, and a blue one somewhere about
one-third as far.

The distance to whichan eye can penctrate depends, however, very much
upon habit and training. As a general rule dark-colored eyes can see
farther than light-colored ones.
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NoTE 2—The apparent brighiness of the object remains constant
whatever inay be its distance from the eye. This arises from the fact that
although the amount of light received by the cye from the object varies
inverscly as the square of the distance of the object, the superficial dimen-
sions of the image on the retina also varies inversely as the square of the
distance, hence as the amount of light received decrcases the space over
which it is spread decreases in the same proportion,

NoTE 3.—When the eyc is adjusted for viewing an object at the distance
say of 8 or 10 inches from it, the pupil is coutracted to about & of an inch, so
that the cone of light entering the eye from any point of the object will
have an angular divergence of only about half a degree. Hence it is evi-
dent that the rays that produce distinct vision are either parallel or very
alightly divergent,

337. The mode in which an inverted image gives us the idea
of an erect object has long been a matter of much discussion
among scientific men. The simple explanation appears to be
that up and down, with reference to the image formed ou the
retina, are merely relative terms, up meaning towards the sky,
and down towards the earth. When a man stands before the
eye, he is seen erect merely because his feet appear towards the
ground and his head towards the sky.

338. Ideas of the distance and magnitude of an object are
acquired only by experience, by means of which the eye is enabled
to appreciate its size and the distance by comparison with neigh-
bouring familiar objects, its dimness or distinctness, the visual
angle, &ec.

339. Many theories have been advanced to account for the
fact that, though an image is cast upon the retina of each eye, only
a single object is seen. This blending of the two images, by the
mind into a smgle perception, is apparently chiefly the effect of
habit, since, when the two images do not fall upon parts of the
retina which are accustomed to act together, double vision
results. But it must be remembered that the mind does not look in
upon theretina and although there are two images depicted of the
same object, the mind instinctively acquires the idea of but one
object.

NoTr.—If one eye be forced a little to one side by pressure with the
finger, an object examined by both eyes will appear double.
-
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340. An impression on the retina is not instantaneously made
nor does it instantaneously die out. The former is shown by
the fact that we cannot see a rifie ball or a cannon ball when
we stand at right angles to the course of its flight, but, if the pro-
jectile is approaching us or is going from us, it preserves the -
same direction long enough to produce an impression and we
see it. With regard to the time the impression remains on the
retina, it may be remarked, that it is well known that winking
does not interfere with distinct vision, because the image re-
mains on the retina so as to give the senge of continuous vision.
Moreover if a lighted stick be whirled rapidly in a circle its track
appears to be a continuous ring of fire. By carefully conducted
experiments it has been ascertained that the time an impression
remains on the retina varies in different eyes from 5 to } of &
second.

341. CoLOR BLINDNESS is a peculiar affection of the retina by
which the eye is rendered unable to distinguish certain colors of
the spectrum. Some can only discern yellow and blue in the
spectrum, some mistake orange for green or green for orange,
some can only distinguish with certainty yellow, white, and
green, some cannot distinguish by color the ripe cherries on a
tree from its leaves, &c.

842. Tae SimpLe Eve of which that of man is the most perfect
type, belongs peculiarly to the vertebrate kingdom, but is occa-
sionally found also in invertebrate animals. The snail and
kindred creatures bave this simple eye,mounted on the tip of along
stalk or pedicle. In spiders the eyes are simple, usually eight
in number, and are situated on the top of the head. The larva
of many insects possess simple eyes only, but the eye of the per-
fect or fully developed insect is compound. These compound
eyes have the same general form as simple eyes, and are placed
either on the side of the head as in insects, or are supported on
pedicles ag in crabs. When examined by aid of a magnifying
lens, the compound eye is found to consist of many hexagonal
facettes or eyes, each being the large end of a cone, which is
about six times as long as it is broad, and which receives a
single filament of the optic nerve. Inone species of beetle the eye



OPTICAY, PHENOMENA. 139

contains 25,000 of these facettes; in the eye of the butterfly
17,000, in that of the dragon-fly 12,500, and in that of the house-
fly 4,000 have been counted. The number of facettes is evidently
intended to compensate for the immovability of the eye—each
facette being a perfect eye in itself, although having, on account
of its fixed axis, but little range of vision.

LECTURE XXIV.
OPTICAL PHENOMENA OF THE ATMOSPHERE.

343. The diffased light of the atmosphere is due to the reflection
of the rays by its individual particles and by the earth’s surface.
Were it nor for this scattering of the rays of light the atmosphere
would not be illuminated at all, and we should, even at mid-day,
see the stars shining forth from an intensely black ground.

344. The dark vault of heaven appears, during a fine day, of a
fine blue tint. This is due to the unequal reflection of light by the
particles of air—the blue rays being for the most part reflected and
the yellow and red absorbed. The darkest blue is always in the
zenith, the atmosphere near the horizon appearing much lighter
in color. And as we ascend into the higher regions, the blue
deepens until at length it becomes black.

NoTE.—The evening and morning red depends in all probability upon
the vapour contained in the air.

345. TwiLienr is the partial illumination of the atmosphere
that intervenes between sunset or sunrise and total darkness.
It is due to the rays of the sun striking the higher regions of the
atmosphere and being refracted to the earth, In Canada, the
twilight continues till the sun is 18° below the horizon, but in
equatorial regions the twilight is of much shorter duration.

346. Looming is a term applied to the apparent elevation
of objects, at sea, above their true level. Thus, islands and
vessels seem raised above the water, or very distant vegssels
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appear above the horizon. In all these cases the appearance is
due to extraordinary atmospheric refraction.

NoTE.—Occasionally a vessel appears suspended in the clouds with an
inverted image beneath it—producing an appearance known asthe Fata
Morgana.

347. Tre MirAGE, often seen in hot sandy deserts, is an ap-
pearance in which distant objects seem to be reflected in the
waters of a placid and beautiful lake. It is caused by the par-
tial rarefaction of the lower stratum of air, which rests upon the
heated surface of sand, causing the rays that emanate from
remote objects to pass in a curvilinear path to the eye.

348. Atmospheric refraction causes all the heavenly bodies
which are not in the zenith to appear nearer to that point than
they really are. In the horizon such bodies are lifted out of
their true position about half a degree, so that we actually see
the lower limb of the sun or moon before the upper has come to
the horizon and in the evening continue to see the lower limb
until the upper hag, in fact, sunk beneath the horizon. Similarly
the stars all appear to rise before they in reality come above
the horizon, and are visible for some time after they have set.
Atmospheric refraction also by acting more upon the lower limb
of the sun and moon, when on the horizon, relatively lifts that
portion up so as to give these luminaries an apparently oval form.

THE RAINBOW.
349. Tus Rainsow congists of one or more circular arcs of pris-
matic colors seen when the observer is standing with his back
to the sun and rain is falling between him and a cloud, which
serves as a screen on which the bow is depicted. When the bow
is double, i. e. when two bows are seen, the inner cr brightest is
called the primary, and the outer one, which is not so bright, is
termed the secondary. In the primary bow the order of colors
is, beginning with the innermost or lowest, violet, indigo, blue,
green, yellow, orange and red; in the secondary bow this
order of colors is reversed. The inner bow is not seen when
the sun is more than 42° above the horizon, and the outer
one does not appear when the elevation of the sun is more than
64°. When the sun is in the horizon both bows extend to
semicireles but become smaller arcs of & circle as he is higher
above the horizon.
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350. The rainbow is caused by the refractions and reflections
of light by the falling drops of rain. In the primary bow there
is one reflection and two refractions and in the secondary there
are two reflections and two refractions.

Let O P be a line drawn from the eye of the observer to the centre of the
rainbows, and let 4, B, C,and D, E, F, be spherical drops of rain in the
act of falling. Then of the cones of light that fall upon each of the drops
A, B, C, the rays that pass through or near the axis are refracted to a focus

Fig. 43.

behind the drop, but those that fall upon the upper side of the drop will
be refracted, the red least and the violet most, and will fall upon the
back of the drop so obliquely that some of them will be reflected as shewn
in Fig.43. Upon again passing out of the drop they are refracted to the
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eyeat 0, and, since the red is refracted least and the violet most, the red
will form the outer color of the spectrum perceived by the eye, and the
violet the lower or innermost band. Similarly, by tracing the course of
the rays that enter the lower part of the drops D, E, F, it will be found
that the rays are refracted twice and reflected twice so as to finally reach
the eye depicting on the retina a spectrum having the violet for the outer
band and the red for the inner.

The bows are circular arcs because of the many rain-drops that compose
the shower. Those only can reflect red to the eye that make an angle
with P O equal to the angle A O P or the angle F O P; those only can
reflect violet to the eye that make angles equal to C O Por D O F, &c.,
and these drope must necessarily be for the moment in the arc of a circle
having P for its centre,

351. HaLogs are prismatic rings occasionally seen around
the sun and varying from 2° to 452 in diameter. They are
caused by reflection from minute crystals of ice floating in the
higher regions of the air.

352. Coronas are rings circling the moon and are said to gen«
erally indicate the approach of a storm. They are cansed by
reflection of light from the external surface of watery vapour
floating across the face of the moon.

353. ParuzLia (false suns, sun dogs) are bands of light which
are gometimes seen surrounding the sun and sometimes passing
through it. They are attributed to reflection from minute crystals
of ice in the air.

LECTURE XXV.

POLARIZATION AND DOUBLE REFRACTION OF LIGHT.

POLARIZATION.

354, When a ray of light ab Fig. 44, is incident upon a plane glass plate
4 B (blackened at the back) at an angle of 54} degrees, it is, for the most part,
reflected in the direction be, according to the usual laws, Now if the ray
be which has been once reflected at the angle 544° fall upon a second
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plane glass plate C D (also blackened at the back) parallel to 4 B
the ray bc will be incident on € D at an angle of 54%0. In this position of
the plates their planes Fig. 44.

of reflection are coin-

cident and the ray bc Q

will be reflected like

any ray of ordinary c

light, but if we turn A

the plate C D in such

a manner that the ray b
be forms the axis of [ D
rotation, the angle of

incidence will remain B

the same, but the par-

allelism of the mirrors

will cease and conse-

quently their planes of d
reflection will no longer be coincident. Under these circumstances we
shall find that, while revolving the plate C D, the brilliancy of the twice
reflected light alternately dies out andis renewed. When the plate C D is
turned 90° or a quarter round, the ray d¢ is no longer reflected from the
plate C D as it would be were it a ray of ordinary light; when we have
revolved the plate ¢ D, 180° or half round, the planes of reflection of the
plates are again coincident and the ray be is totally reflected ; when the
plate C D has been revolved 270° or three quarters round, their planes of
reflection are once more at right angles to one another and the ray b¢ is
not reflected at all ; and so on. Of course at intermediate points of revolu-
tion the ray is partially reflected.

355. It appears then that when a ray of common light has
suffered reflection from a glass surface at an angle of 54}°, it
has acquired certain remarkable and peculiar properties. It is
reflectable on one side but not on the other, so that its opposite
sides have opposite properties. Under thege circumstances the
ray of light is said to be polarized.

NoTg.—The Plane of polarization is the plane in which the ray can be

completely reflected by the second mirror, and is, of course, coincident with
the plane of reflection from the first mirror.

356. A Porariscops or polarizing apparatus is an arrangement
of mirrors or reflectors by means of which the effects of polar-
ization can be examined, the angle of polarization measured,
&c. Polariscopes are of various forms.

357. We have seen that the vibrations in the ether which
produce light are made transverse to the course of the ray but
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in all conceivable planes. Now it is supposed that the differ-
ence between polarized light and common light consists in the
fact that the vibrations producing the former are all made in
one gingle plane.

358. Certain crystals seem to possess the power of polarizing
all the light that passes through them in particular directions,
This appears to be due to their partly absorbing the light and
causing the remainder to vibrate in a single plane.

Thus, if a transparent tourmaline be cut parallel to its principal axis
into plates '316 of an inch in thickness and two of thesé be taken and
polished they exhibit with great beauty the property of polarizing light.
The light is readily transmitted through either plate separately or through
both when they are held lengthwise parallel to one another, but if the
second plate is made to cross the first it totally obstructs the light.

A tourmaline plate thercfore affords a means of polarizing light and also
of determining whether a ray has already been polarized by other means.
When used for the latter purpose the plate of tourmaline, or other suitable
substance is called an analyzer.

359. When a ray of light is polarized by reflection from the
first or second surface of a transparent body a part of the trans-
mitted light equal to it is also polarized by refraction. The
whole amount of light transmitted however greatly exceeds the
part polarized, so that, in common language, we say that light is
only partially polarized by a single refraction. When however a
ray of light is transmitted obliquely through a number of parallel
plates of glass or other transparent medium, a new portion is
polarized by each plate until at length the whole of the trans-
mitted beam is polarized.

360. The kind of polarization we have been hitherto describing
is called Plane Polarization to distinguish it from Elliptical and
Circular Polarization. In order to effect the plane polarization
of light by reflection from metallic surfaces it must be reflected
many times at the proper angle of polarization.

361. If a ray of light has been twice reflected from the second
surfaces of bodies at their angle of greatest polarization or if
it has been reflected but once at that angle from a metallic gur-
face it appears to consist of light vibrating in two planes only
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at right angles to one another and the phase of vibration in one
is retarded } of a vibration. Under these circumstances the
light is said to be circularly polarized.

362. ELuipTicAL PoLARIZATION takes place when a ray of light
is reflected once from a metallic surface at its angle of maximum
polarization. It appears as light vibrating in two planes which
are not at right angles to one another and the light vibrating
in the one plane is retarded less than } of a vibration behind
that vibrating in the other plane.

363. The colored phenomena dependent on polarization,
plane, circular and elliptical, are exceedingly beautiful and
varied. All of these colors are produced by the interference of
rays. The polarization of light has now become 2 most reliable
means of investigation in the hands of the analytical chemist
a3 it often enables him to detect the slightest adulteration in a
solution.

DOUBLE REFRAOTION,

364. By Double Refraction, we mean a property possessed by
certain crystals, as Iceland spar, of splitting or dividing a single
incident ray into two emergent ones.

Thus, when a crystal of Iceland spar is laid upon a dark line on paper, it

conveys to the eye the impression of two parallel lines removed from one
another by a small infervening space.

365. A crystal of Iceland spar is rhombohedral in form and
g line drawn from an obtuse angle of the crystal through the
centre to the opposite obtuse angle is called its principal axis.
Now the two emergent rays are distinguished as ordinary and
extraordinary ; the former in the case of Iceland spar being that
which appears most removed from the principal axis and the latter
that nearest the principal axis.

366. Crystals like Iceland spar which refract the rays as |
indicated in Art. 365, are called Positive Crystals while those in
which the ordim;ry ray lies nearer to the principal axis than
the extraordinary ray are called Negative Crystals.

Nore.—Some crystals have fwo axes of double refraction, as for example,
mica, topas, gypsum, nitrate of potash, &c.
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387. When the two rays that emerge from a crystal of Ice-
land spar or other crystal possessing the power of double re-
fraction are examined, they are both found to consist of light
totally polarized—the one being polarized at right angleg to the
other. Hence the various ways by which light may be polarized
are reflection, refraction, absorption and double refraction.

NoOTE 1.—A crystal of Iceland spar or one of tonrmaline is among the
most valuable pieces of polarizing apparatus we possess, The former cut

into the form of a prism (a Nicol’s prism) is used for throwing the ordinary
image out of the fleld of view, as it transmits only the extraordinary ray.

Notr 2.—Thin plates of double refracting crystals exhibit colored rings
of exquisite beauty marked by a black cross, when viewed in certain
directions by polarized light.

ELECTRICITY.

LECTURE XXVI.

DEFINITIONS, SKETCH OF THE HISTORY OF THE
SCIENCE, IDIO-ELECTRICS AND AN-ELECTRICS,
CONDUCTORS, NON-CONDUCTORS, INSULATION.

368. Electricity (Greek, electron ‘“ amber ”) is the name given
to a highly elastic,attenuated and imponderable agent which per-
vades the material world, and which is visible only in its effects.
It is susceptible of a very great degree of intensity, and has a
tendency to equilibrium unlike that of any other known agent.
The word * fluid,” as applied to electricity, must be taken in s
conventional sense only.

369. When a rod of glass or of sealing-wax is smarﬂy
rubbed for a few moments by a piece of warm flannel or silk, it
acquires the power of acting upon light bodigs, so as to attract
and repel them.

While this transient power lasts, the rod is said to be elec-
trified or charged; the piece of paper or other light body is said
to be attracted when it approaches the rod, and is said to be
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repelled when it recedes from it. In the dark a faintlight is seen
to follow the track of the rubber, and this is accompanied by
a crackling noise.

These are the fundamental phenomena of electricity.

870, The science of electricitywas to some extent known and
studied by the ancients. The discoveries were, however, very
few, and the science was not systematized until the time of
Franklin and Du Fay, between the years 1733 and 1760,

The following is a brief sketch of the history of electrical
science :

B. C.

600. | TrALEs, of Miletus, discovered that amber, when excited
by friction, attracts light substances.

371. | TeroPHRABTUS, 8 pupil of Aristotle, noticed the electric
properties of the mineral called tourmaline,

Puiny and ARISTOTLE were acquainted with the pecu-
liar effect resulting from the touch of the torpedo,
but had no idea that it was referable to the same
cause as the properties already observed in amber and

A.D. in tourmaline,

1600. | Dr. W. GiLEERT, physician to James I. of England, in
an appendix to a valuable work on the magnet, pub-
lished a variety of electrical experiments on gems,
glass, gums, &c.

1670. | Mr. RopT. BoyLE, added to the number of electrics, and
discovered the electric light emitted by the diamond
when rubbed in the dark.

Orro GUERICKE, in Germany, contemporary with Mr.
Boyle, mounted a globe of sulphur upon an axis,
and thus procured electricity in greater gquan-
tities. He also discovered electrical repulsion.

Sir Isasc Newrox discovered that glass does not pre-
vent electrical attraction and repulsion.

1709. | Mr. Hawkseee mounted a glass instead of a sulphur
globe.
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1729.

1735.

1742,

1746,

1752,

1771,

HISTORY OF ELECTRICITY.

Mg. StEPEEN GRAY, of the London Charter-House, first
observed the fact that some substances are conductors,
and others non-conductors, and hence he dizcovered
method of insulating bodies.

Du Fay, inferred the existence of two fluids, to which
he gave the names of Vifreous and Resinous Electri-
cities.

Proressor Boz, of Wurtemberg, added the Prime
Conductor of the globe machine. It was at first sup-
ported by a man standing on a cake of resin, after-
wards it was suspended by a cord of silk from the
ceiling.

M. WinckLER, of Leipsic, about the same time, sub-
stituted a cushion instead of the band, which had
hitherto been used as a rubber to excite the globe.

Prorrssor MUSCHENBRECK, of Leyden, in conjunction
with his associate Cuneus, by accident discovered
that electricity could be collected in a glass vessel
containing water.

Vo~ KiEisT, dean of a cathedral in Germany, made the
same discovery simultaneously with Prof. Muschen-
breeck.

Sir W. WarsoN, SueaTon, Bevis, WiLsoN, and Canton,
all distinguished members of the Royal Society of
London, improved and extended the discovery of
Muschenbreeck, and gave us the Leyden Jar in its
present form.

Dr. B. FranguLiN discovered the identity of electricity
and lightning ; introduced points for protection;
combined several Leyden jars into a battery; and
gave his hypothesis of a single fluid.

Cavenpisy and (Eepnius, investigated the hypotheses
of Du Fay and Franklin.

Warson and Canton fused metals by electricity.

Beccaria decomposed water by means of electricity.
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1785. | Voura invented the Electrophorus.

Couroms, by means of his forsion electrometer, reduced
electricity, the most subtle of all physical agents,
beneath the rigorous sway of mathematics, and thus
placed it at once among the Physical Sciences.

Proressor FArapay and Sir W. Snow Harrig are per-
haps the most distinguished cultivators of electrical
science at the present day.

371, Those substances which, under ordinary circumstances
readily evince electrical properties by friction, are termed, elec-
trics or idio-electrics. They are exhibited in the following :—

TABLE OF ELECTRICS, OR NON-CONDUCTORS.

Shellac Fur

Brimstone Hair

Amber Wool

Jet Feathers

Resin Paper

Gums Turpentine
Gun-Cotton Oils

Glass ‘ All dry Gases
Diamond Atmospheric Air
Gems Steam of high elasticity
Bituminous Substances _Ice at 0° Fahr., &c.
Silk .

373. Those substances which do not readily evince electricity
under ordinary circumstances by friction, are called non-elec-
trics or an-electrics. They are shown in the following :—

TABLE OF NON-ELECTRICS, OR CONDUCTORS.

All Metals Steam
Well burned Charcoal Flame
Plumbago Smoke
Acids Animal and vegetable sub-
Saline Fluids ‘ stances containing mois-
Water ture, &c.

L
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373. Electrics are also called non-conductors, from thefact that
they transmit electricity very imperfectly, but non-electrics are
generally speaking very good conductors. Some gubstances be-
come conductorsor non-conductors by a change oftemperature—
thus, glass when heated to redness becomes a conductor ; water,
when in the state either of steam of high elasticity, or of ice at
or below 0° Fahr., becomes a non-conductor.

374. When a metal rod is subjected to friction, electricity is
developed upon its surface, but the metal being a good conduc-
tor it is conveyed away by the hand as fast as it is generated.
If, however, the metal rod be attached to a glass handle the
fluid accumulates upon the rod and becomes visible in its effects.
Hence electricity may be developed on any one of the so called
non-electrics if it be‘'insulated.

875. A body is said to be insulated when it is supported by a
non-conducting substance, such as a rod of glass or shell-lac.

——————

LECTURE XXVII.

SOURCES OF ELECTRICAL EXCITATION AND KINDS
OF ELECTRICITY, ELECTROSCOPES AND ELECTRO-
METERS, THEORIES AS REGARDS THE NATURE OF
ELECTRICITY.

SOURCES OF EXCITATION.
376. The principal sources of electirical excitation and the
kind of electricity developed by each are as follows :
1. FuicrioN producing Frictional, Statical, Tensional, Com-
mon or Machine Electricity.®
11, CmemicaL AcrioN producing Dynamical Electricity, Voltaism
or Galvanism.

11I. DisFERENCE OF TEMPERATURE in connected metallic barg—
giving rise to Thermo-Electricity.

* See Art, 391, NoTE.
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IV. MaeNeTic Acrion developing Magneto-Electricity.
V. Livine ANiMAL MATTER—Animal Electricity.

Note.—Change of form, mere contact, simple pressure, change of tem,_
perature, &c., also give rise to the manifestatign of electrical force but
these must be regarded as coming properly under the head of ohe or other
of the above flve sources.

ELECTROSCOPES.

377. ELECcTROSCOPES are instruments used to detect the
presence of free electricity. The principal electroscopes in use
are the following :—

I. Tee PiTH-BALL ELECTROSCOPE. This consists of two small pith
balls insulated by silk threads. When brought into the neighbour-
hood of an excited body, the balls become similarly electrified and
repel each other.

II. THE GOLD-LEAT ELECTROSCOPE. This consists of two slips of gold
leaf properly insulated and inclosed in a glass jar. When brought
into the neighbourhood of an electrified body, the leaves diverge and
thus indicate the presence of the electric fluid, Fig. 45.

III. BOHENENBERGER'S GOLD-LEA¥ ELECTROSCOPE. *
This consists of a small Zamboni’s pile* a &
placed horizontally and having each extremity
connected by & wire to perpendicular metallic
plates p and m. One of these plates is therefore
the positive and the other the negative electrode
of the pile. A metallic disc o » is connected by a
wire ¢ d to a slip of gold-leaf d g which hangs
midway between the two plates p,m,being equally
attracted by each. When, however, the slightest
trace of electricty is communicated to the disc -

0 n, the leaf instantly moves toward the plate, which has the
opposite polarity.

ELECTROMETERS.

378. ELECTROMETERS are instruments employed to measure the
inlensity of electrical force, and, like electroscopes, they depend
for their action upon electrical attraction and repulsion.

Electrometers differ from electroscopes merely in having attached a gra-
duated arc or some other means by which to compare the intensities of

* See Art, 437,
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different accumulations of the fluid. The chief electrometers in cominots
use are the following: Fig. 4s.

I. THE QUADRANT ELECTROMETER. This consists
of a light pith ball @ attached by an exceed-
ingly thin and light iusulating rod f to an
upright metallic War & ¢. The rod m S moves
freely round the pivot f which is the centre of
the circle of which the graduated ivory semi-
circle Sis an arc. The number of degrees of the
graduated arc through which the rod f m if
driven when the instrument is placed on a
charged conductor, is, in a measure, indicative
of the intensity of the accumulated fluid. It is obvious that no
amount of electricity, no matter what its intensity, can repel the ball
beyond 90°. Fig. 47.

IL CouLoMB’s TORSION ELECTROMETER consists of a tube,ac,
8 or 10 inches in length, having a flat graduated plate
at the top and terminating downwards in a glass jar
¢ d. Through the tube there passes a fine thread of
glass, or of shell.-lac, or of unspun silk, which terminates
upward inabutton and index on the plate d and down-
wards in a horizontal bar of gum-lac, 4 having asmall
gilt pith ball p at one extremity and a paper vane »,
to arrest oscillations, fixed at the other. Through
another aperture f in the top of the glass case, asecond rod of shell-
lac, calied the carrier rod, with a gilt pith ball at its extremity, is
introduced. On the glass case there is a graduated circle m ¢ n by
which the number of degrees through which the ball p is repelled,
may be measured.

Coulomb has demonstrated that the reactive force of an elastic
filament or its tendency to return to its previousstate is exactly pro-
portional to its torsion. Hence the number of degrees through
which the ball p is repelled by the charged ball at the end of the car-
rier rod is the measure of the electrical force accumulated on the
latter.

Suppose the clectricity accumulated on the carrier ball repels the
ball p through 20°, and it is required to ascertain the torsion force
necessary to maintain the ball at a divergence of 10°. If when the
balls are 20° apart we begin to turn the button on the plate @ back-
wards we shall gradually bring the ball p nearer to the charged ball
at the end of the carrier rod and upen thus turning the indexon a
back through 70° we shall have brought the balls within 10° of each
other.

Now the filament of glass or lac is twisted 10° to the right, and 70°
to the left 8o that its torsion is represented by 80° and hence we have
the numbers 20 and 10 for the relative values of the repulsive forces
at the distances of 20° and 80° and since the numbers 20 and 80 are in
the proportion of 1 to 4, we infer that electrical repulsion and
attraction vary inversely as the square of the distance,
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ELEOTRICAL THEORIES.

879. The theories that have been advanced in explanation of
electrical phenomena are chiefly two, viz :—

1. The one-fluid theory or theory of Franklin.
II. The two-fluid theory or theory of Du Fay.

Nore.—Of these theories that of Franklin is the simpler, but Du Fay’s
is considered to be the more philosophical.

380. THE ONE-FLUID THEORY OR THEORY OF FRANKLIN assumes the
existence of a single elementary imponderable fluid of extreme
tenuity and elasticity, existing in a state of equable distribu-
tion throughout the material world. This fluid is supposed
to be repulsive of its own particles, but attractive of the par-
ticles of all other matter. Every body has a certain amount
of capacity for this fluid and when it contains its natural share
is said to be in a state of electrical quiescence or repose.
When, however, by friction or other mechanical or chemical
means, we increase or diminish its quantity in & body, there ensues
a powerful action arising from the tendency of the body to re-
gainits natural share, if its original quantity has been diminished,
or to throw it off to other bodies, if it has been increased.

381. According to Franklin's theory a body having more than
its natural share of electricity is said to be positively electrified
or 4 electrified ; one having less than itg natural share is said to
be negatively electrified, or —electrified.

382. THE TWO-FLUID THEORY OR THEORY OF Du FAy assumes the ex-
istence of an infinitely attenuated fluid, highly elastic and impon-
derable and pervading all bodies. It is supposed tobe compounded
of two elementary fluids possessed of distinct and opposite proper-
ties and called vitreous and resinous electricities. These elemen-
tary fluids are further assumed to be each repulsive of its own
particles but attractive of the particles of the other, so that when
combined in proper proportions they completely condense or
neutralize each other, thus producing perfect electrical repose.
When, however, by friction or other mechanical or chemical
means, we decompose this compound, the vitreous and resinous
fluids are separated, one adhering to the surface of the rubber,
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and the other to the surface of the excited substance, and hence
in no case of electrical excitation, can we obtain one kind of
electricity, without the simultaneous development of the other.

383. The two-fluid theory is the one commonlyadopted by scien-
tific men, but instead of using the terms vitreous and negative
electricities the terms positive and negative are employed, It is
hence necessary to note carefully that :—

Positive or Vitreous electricity is that kind of electricity that
adheres to the surface of glass when it is excited by friction with
a silk rubber.

Negative or Resinous electricity is that kind of electricity that
adheres to the surface of resin when it is excited by friction with
8 silk rubber.

Norg.—In the former case the electricity adhering to the rubber is
negative, in the latter it is positive.

384. No general rule can be given as to which kind of elec-
tricity will be developed by frictior on a given substance, this
depending upon the material that forms the rubber, and even
then the question can be determined only by experiment. The
following table of substances is given by Faraday and is so
arranged that each body becomes excited positively by friction
with those below it in the list and negatively by those above it.

. Catskin or Bearskin
. Flannel

. Ivory

. Quill

. Rock Crystal
. Flint-glass

. Cotton

. Linen Canvas
. White Silk

. Black Silk

. The Hand

. Shell-lac

. Wood

. Metal

15. Sulphur,

Nore.—Of all known substances catskin is most susceptible of posxtwo
nd, perhaps, sulphur of negative electnclty.

-
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LECTURE XXVIII.

DISTRIBUTION OF ELECTRICITY ON CHARGED BODIES,
ACTION OF POINTS, THEORY OF INDUCTION, TEN-
SION, INTENSITY AND QUANTITY, LAW OF VARIA-
TION IN FORCE OF ELECTRICAL ATTRACTION
AND REPULSION.

DISTRIBUTION OF FREE ELECTRICITY.

385. Electricity in its natural or compound state, appears to
be diffused equally throughout any given mass of matter, but
when separated into its component elements, each appears con=
fined to the surface of the body in which it has been set free in
the form of an exceedingly thin layer, not penetrating sensibly
into the substance of the mass.

386. As free electricity resides on the surface only, of bodies,
the quantity that can be accumulated in a given body neces-
sarily depends upon the extent of surface, and when the same
quantity of electricity is thrown on surfaces of different magni-
tudes, the force exerted by the charged surfaces will vary inversely
ag their squares.

387. When a spherical body is charged, the electricity distri-
butes itself equally over every part of the surface, but in a
spheroid it becomes accumulated at the extremities, and the
more elongated the spheroid, the greater the disproportion
between the force exerted at its extremities, and that manifested
at its middle part.

388. Ona flat disc or plate, with sharp edges, the electric fluid
iccreases in depth or quantity from the centre to the edge, but
the increase is not regular, being much more rapid near the edge
than towards the middle of the plate.

389. Electricity is always given off rapidly from points. This
arises from the fact that the fluid accumulates in such quantities,
at the extrémities of pgints, as to acquire sufficient tension to
overcome the small amount of atmospheric pressure that can
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there be exerted, and accordingly flows off in a continuous
stream to the surrounding bodies.

Note.—So rapidly is the fluid given off from points, that it is impossible
to charge the prime conductor of an electric machine, if a point he
attached to it, or if a point be presented to it.

INTENSITY, TENSION AND QUANTITY.

390. By the wntensity of a charge of electricity, we mean its
attractive force upon surrounding bodies as measured by the
electrometer. The intensity varies as the square of the quantity
accumulated in a given amount of surface.

Thus, if there be three equal surfaces %0 charged that the second shall
have accumulated upondt twice as much and the third three times as much
as the first then the intensities of the charges will be as 1, 4 and 9; the
squares of the numbers1, 2 and 3.

NoTE.~The same distinction exists between the terms intensity and
quantity in electricity as in heat. The intensity of the latter agent, is
determined, it will be remembered, by the thermometer, while the quantity
in a given body is ascertained by the calorimeter; so the intensity of elec-
tricity is measured by the electrometer but its quantity by the amount of
chemical decomposition it can effect,

391. The term fension, as applied in electricity, is employed to
denote the power or ability possessed by an accumulation of the
fluid to pass or force its way through any resisting medium.

NotEe.—Electricity as set free by friction is of high tension, but is small
in quantity, i. e,, its mechanieal or disruptive power is immense, but it can
but feebly perform such offices as chemical deeomposition ; hence its name
tensional electricity. It is called statical to distinguish it from dynamical
electricity, the latter moving constantly in currents, while the former
appears o be in a state of rest except at the moment of discharge. The
origin of the names common, frictional, and machine are obvious.

INDUOTION.

392. When an electrified body is placed near a condueting body
in its natural state, the whole of the latterbecomes oppositely elec-
trified unless it be insulated, in which case the extremity next the
electrified body becomes oppositely and that farthest from it sim-
ilarly electrified. The electricity thus acquired by the second
body is called induced electricity, or is said to be produced by
induction.
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893. All non-conductors allow induction to take place through
them, and are, from this circumstance, called di-electrics.

Sir W. 8. Harris gives the following list of di-electrics, in
which it will be observed that air is the worst and shellclac the

best.
SUBSTANCE, SPECIPIC INDUCTIVE CAPACITY.

ALy cii it ieeean,. 1900
Rosin, covvvieniiiiniiiianias 1077
Pitehyeviiveiiiviiiennnnenens 1:80
Wax, coveiniionniiannesnrnases 1:86
Glass, coiviiieeriionreiaaaness 1:90
Sulphur, ...eoiviieiiiiiienn. . 1:93
Shell-lac,.ccvveverscerensianaes 195

804. According to Faraday’s theory, induction is essentially
physical action, occurring between contiguous particles only,
and never taking place at a distance without polarizing the
molecules of the intervening dielectric, causing them to assume
a peculiar constrained position, which they retain
a3 long as they are under the influence of the induc-

tive body.
For example, if P, Fig. 48, represent 2 body charged posi-

tively, and a & ¢ d, &c., intermediate molecules of air or any
other dielectric, then the free electricity in P acts upon the
body N by polarizing these intermediate particles. Thus,since
positive electricity repels positive and attracts negative, the
stratum of atoms lying adjacent to P is acted upon by the
electricity resident in the latter in such amanner that the side
of each next P becomes ‘negatively and the side remote from
P positively electrified. This stratum of atoms aets simi-
larly upon the molecules next beyond, and so on until the

action is carried to the body N.
LAW OF ATTRACTION AND REPULSION. @
895. Bodies similarly electrified repel each other, 2°
and those differently electrified attract each other,
with a force varying inversely as the square of their distance
apart.
898. Electricity is transferred silently from a charged body

by the double power of conduction and convection. When a
body is carefully insulated upon a resinous support, the rapidity

Pig. 48.
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with which it parts with its charge by exposure to the air,
depends principally upon the amount of moisture in the latter,
Bodies imperfectly insulated as by silk or uncoated glass, lose an
addditional portion by its escape along the imperfectly insu-
lating support,

NoTe.—Particles of dust in the air act as carriers in conveying away
a charge from an insulated electrified body.

LECTURE XXIX.

ELECTRICAL MACHINES AND GENERAL THEORY OF
THEIR ACTION, THE ELECTROPHORUS, THE LEY-
DEN JAR, DISCHARGES OF ACCUMULATIONS OF
FLUID.

397. The two kinds of electrical machines in common use are
the plate and the cylinder machines, of which the former iz by
far the most powerful and convenient.

The Prate ErecTricAL MAcHINB consists of a circular glass

Fig. 49.

PLATE p, of any diameter from 10 to 40 or 50 inches, a PRIME coN-
DUCTOR p ¢, insulated on a glass pillar ¢, and furnished with poiNTs
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m, to collect the fluid from the revolving plate ; a NEGATIVE CON-
DUCTOR 7 ¢, likewise insulated on a glass pillar b, and having a
metallic connection with the rusBer 7. A silk bag s, is made
to enclose the lower half of the plate for the purpose of re-
taining the fluid on its surface till it reaches the points m, in
connection with the prime conductor.—The rubber, r, is com-
monly formed of two cushions of buckskin stuffed with horse
hair, and the degree of pressure is regulated by a small screw a,
near the negative conductor. When the machine is in action
either the prime or the negative conductor is connected with
the ground by a brass chain.

898. The theory of the action of the electrical machine is,
according to the ONE-FLUID HYPOTHESIS, a8 follows :—

Upon turning the handle of the machine the glass plate becomes
positively electrified at the expense of the rubber, and in revolv-
ing gives up this surplus fluid to the prime conductor as it
passes between the points of the latter. The prime conductor thus
becomes charged positively, while the rubber is left negatively
electrified. After a few revolutions the process ceases on ac-
count of the negative condition of the rubber, but when this
latter has a metallic or other proper connection with the earth,
it.draws the electric fluid from the latter as fast ags-it is carried
to the prime conductor by the plate, and thus the produc-
tion of free electricity may be continued for any length of
time.

Notk 1.—Itis manifestly impossible, according to this view of the na-
ture of electricity, to charge a body positively without at the same time
charging some other body (commonly the earth) negatively, because we
cannot give one body more than its natural share of the fluid without
removing & portion from some other body.

NorE 2.—Adopting this theory we may liken the action of the electrical
machine to the action of & common pump. Thus, we may regard

The earth as the well,

The chain as the lower pipe of the pump,
The rubber as the barrel,

The plate or cylinder as the piston,

The silk as the spout, and

The prime conductor as the pail,
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399. According to the Two-FLUID HYPOTHESIS, the action of the
electrical machine is not so simple, nor are electricians agreed
ag to its precise rationale. The following is the explanation
generally adopted :—

On turning the glass plate or cylinder, the electricity natu-
rally present in it becomes decomposed—the positive adhering
to the surface of the glass and the negative to the rubber,
The positively electrified portions of the glass coming, dur-
ing each revolution, in close proximity to the prime conduc-
tor, act powerfully by induction upon the electricity natu-
rally present therein-—decomposing it into its component ele-
ments and attracting the negative, which, being accumulated
in a state of tension at the points of the conductor, darts off
towards the plate, to meet the positive fluid, and thus re-con-
stitute the neutral compound. The prime conductor is thus left
powerfully positive, not by acquiring electricity from the revolving
glass, by giving up its own negative fluid to the latter,

400. From this explanation it appears that the negative
conductor is connected with the earth in order to afford a route:
for the escape of the negative fluid from the rubber.

Note.—Certain strong objections have been urged against this explana-
tion of the action of the electrical machine. The most important of these
objections is that it practically assumes that the amount of combined elec.
tricity in the prime conductor, is infinitely great, since there is no limit to
the quantity of free positive fluid that can be obtained from it by simply
withdrawing its negative electricity. To this it may be answered ;

1st. That the term fluid as used in electricity is liable to lead to nxisap«
prehension. Electricity is quite as likely to be, like light and heat, a mere
motion among the particles of matter ; in which case we must regard the
waves or undulations produced by negative electricity as tending to neu.
tralize those produced by positive and hence the withdrawal, i. e,, the stop-
page of the former must necessarily allow the latter to act with increased
vigour.

2nd. That in order to obtain an infinitely great amount of positive elec-
tricity, the conducting or containing surface, (i. e. the conductor and the
inner surface of Leyden jars,) must be infinitely great, and hence there
will be an infinitely great amount of negative fluid to be given up to the
revolving plate,

3rd. That the amount of the electric fluid, combined with a very small
quantity of matter,istrulyinconceivablygreat. Thus,it has been estimated by
Faraday, that the decomposition of one grain of water evolves as much



THE ELECTROPHORUS. 161

electricity as is contained in a vivid flash of lightning, or, to use his own
words, a certaio electro-chemical arrangement produced ““as much eclec-
tricity in a little more than three scconds of time as a Leyden battery
charged by thirty turns of a very large and powerful plate electrical
maghine in full action. This quantity, though sufficient if passed through
the head of a rat or a cat, to have killed it as by a flash of lightning, was
evolved by the mutual action of so small a portion of zin¢ wire and water
in contact with it, that the loss of weight sustained by either would be
inappreciable by our most delicate instruments. It would appear that
800,000 such charges as I have referred to above, would be necessary to
supply electricity sufficient to decompose a single grain of water.”

401. During the development of machine electricity a pecu-
liar odour like that of phosphorus is evolved. This odour ariges
from the formation of a substance called ozone, which is consi-
dered to be an allotropic form of oxygen. (See Chem., Arts.
93 and 110.)

402. The development of machine electricity is greatly faci-
litated by the use of an amalgam, applied to the rubbers, con-
sisting of two parts zine, one of tin, and six of mercury, heated
together in a crucible, and afterwards formed into a paste with
lard. It i3 supposed that the oxidation of the amalgam aids
the evolution of electricity.

TBE ELECTROPHORUS.

403. The ELECTROPHORDS, invented by Volta, consists ofa cir-
cular metallic dish, a b, Fig. 50, .
having a rim about a third of an Fig. 50.
inch high. This dish is filled )
with & mixture of 1 part Venice
tarpentine, 1 part shell-lac, and 1
part rosin, melted together at a
gentle heat, and, after being |
poured into the dish, allowed to ~
cool gradually, so as to ecquire
a smooth surface. A second cir-
cular conducting dise ¢, called the cover, and furnished with
an insulating glass hagdle, d, fits upon the upper surface of the
reginous plate.
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404. The resinous plate of the Electrophorus becomes nega-
tively elcctrified when rubbed with dry flannel or far. Upon
replacing the cover, this being insulated, is acted upon indue-
tively by the charged plate of resin—the positive electricity
being attracted to the lower surface and the negatively repelled
to the upper. Upon now presenting the knuckle to the cover a
spark of positive electricity passes from the hand to the cover,
s0 as to neutralize the free fluid upon its upper surface. If
under these circumstances the cover is raised beyond the imme-
diate influence of the excited plate of resin, it is found to be
charged with free positive fluid, and upon again presenting the
knuckle to it a spark passes from it to the hand.

NoTE.—Since no electricity is taken from the plate, it is manifest that
one excitation of it is sufficient, under favorable circumstauces, for the
development of any amount of electricity.

The theory of the action of the electrophorus according to the Frank-
linian theory isas follows :—

‘When the plate is rubbed with fur it loses electricity and becomes nega-
tively charged, and, acting inductively upon the cover, it attracts a portion
of its fluid to the under surface leaving the upper negatively charged.
Upon now presenting the hand, electricity passes from it to the cover,
but when the cover is subsequently removed beyond the inductive influ-
ence of the plate, the fluid which was held to the under surface becomes
free, and upon again presenting the knuckle it passes from the cover to
the hand.

THE LEYDEN JAR.

405. The LEVDEN JAR consists of a wide mouthed glass vessel
coated with tin-foil, both inside and outside,to within two or three
inches of the top. It is closed by means of a dry wooden stop-

o per, through which passes a metallic rod

Fig. 51. terminating upwards in a brass knob, and
connecting, by means of a wire or chain at
the other end, with the inside coating of
the jar. When the jar is charged, the two
electricities are held on the opposite sides
of the glass by their mutual attraction—
the metallic coatings merely serving as
good conductors and never atcumulating
in themselves any electricity. When a jar
ig discharged under ordinary circumstances,
there remains in the jar, after the first dis-
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charge, a residual charge of -2; of the quantity originally accu-
mulated. In passing from one coat to the other of the jar,
electricity travels at the rate of 288000 miles a second.

NoTE.—In the above figure of the Leyden jar, the tin-foil on both sides
reaches as high as the line @ . The jar is discharged by making a metal-
lio or other conducting connection between the outside and inside coat-
ings. Two or more Leyden jars having their termina) knobs connected by
wires, constitute what is called a Battery of Leyden jars,

408. The instrument represented in Fig. 52. is called a
Jointed Discharger. It con-
sists of a glass handle, b, with Fig. 52.
two curved metallic wires, cc,
having metallic balls at their
extremities. The wires are
movable round a joint, a, so
88 to be set at any required
distance apart. When used for discharging a charged jar
or battery, it is held by the glass handle, and one knob being
pliced in connection with the outside coating, the other is
brought to one of the terminal balls of the battery.

LECTURE XXX.

ELECTRICAL DISCHARGES AND THEIR EFFECTS,
ELECTRICAL EXPERIMENTS.

ELECTRICAL DISCHARGES.

407. Discharges of accumulated electricity are of three kinds,
Viz i—
I. The Disruptive Discharge.
II. The Convective Discharge.
IIT. The Conductive Discharge.

Under the term disruptive discharge are included all varieties
of electric discharge accompanied by the manifestation of light,
The Convective discharge consists in the accumulated fluid being
conveyed away silently by small particles of ponderable matter
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floating in the atmosphere; the Conductive discharge, in the
conveyance of electricity from particle to particle of matter
without any change of place among the particles themselves.

EFFECTS OF ELECTRICAL DISCHARGES.

408. The effects of the electrical discharge may be classed

as:
1. Pbysiological.

II. Chemical.
III. Mechanical.

409. The physiological effects are experienced when the dis-
charge is transmitted through the animal body. It caunses the
muscles to contract momentarily with convalsive energy and
produces a peculiar wrenching sensation in the limbs through
which it passes. If sufficiently powerful, it destroys life.

NoTE.—The shock may be transmitted through any number of persons
at the same time. The Abbé Nollet sent it through a chain of 600 persons.
In a very long chain the effects are slightly stronger at the extremities
than at the centre,

410. The chemical effects of statical electricity are very
feeble. It produces, however, a slow and feeble decomposition
in certain chemical compounds when in the fluid state, such ag
iodide of potassium, ammonia, sulphuric acid, water, &c., and
it causes a mixture of two volumes of hydrogen and one of oxy-
gen to combine instantly with explosive violence.

411, The mechanical effects of the electrical discharge are
geen when the passage of the fluid is impeded by meeting with a
bad conductor. Under these circumstances the fluid either rends
the obstacle asunder, or in forcing its way through it, it des
velops sufficient heat to ignite it if combustible.

412. A variety of amusing and instructive experiments are
commonly exhibited in the lecture room to illustrate the nature
of electricity, and the physiological, chemical and mechanical
effects of its discharge. A few of the most interesting of these
are the following :—

1. A person placed upon an insuldting stool, (a stool with glass legs)

can be charged, and sparks can be drawn from any part of his
hody.
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1L If a person with fine soft hair stands upon the insulating stool, upon
charging him, his hair becomes repelied and stands out from his
head in the most laughable manner,

IIL A person charged on the insulating stool can light the gas or ignite
some ether by applying his knuckle to it or by presenting an
icicle to it,

IV. A small quantity of gunpowder may be ignited by placing it on a
dish or plate so as to cover the ends of two wires, one attached
directly to the inside of a Leyden jar and the other connected by
means of a wet string with the outside coating of the jar,

V. A mixture of hydrogen and oxygen may be exploded in the hydro-
gen or electrical pistol. When the pistol is filled with the mix-
ture its mouth is stopped by a tightly fitting cork; upon then
passing the spark through the instrument, the gases combine to
form water which the heat developed converts into steam of
high elasticity and the cork is forced out with a loud explosion.

VI. If a battery of jars be discharged through a card or several folds of
paper the latter is perforated by a minute hole. A powerful
batte'rywill pierce a hole through a pane of common window-glass.

VII, A discharge thrown through an egg illuminates it very brilliantly
and so destroys its vitality that it soon begins to putrefy.

VIII, Sparks of different colors are obtained by covering one ball of the
discharger with leather gilt with silver or with gold, or with
other substances,

IX. The luminous effects of electricity are very beautifully exhibited by
leading the discharge over the surface of glass by means of
small squares of tin foil separated by minute spaces. Lettersand
various complicated flgures can thus be shown as a full blaze of
electricallight. Among the pieces of apparatus designed for these
purposes are spiral tubes, the diamond jar, and magic squares.

X, Electrical attraction and repulsion are illustrated by a variety of
apparatus as the electric bells, the electric swing, the elecs
tric see-saw, the electric spider, dancing images, &c. Inall
of these a light figure or figures is employed to carry the elec-
trical fluid from one of two oppositely electrified bodies or sur.
faces to the ofher.

XI. A metallic point is attached to the prime or negative conductor and
the machine set in action, The followiug facts may then be
noticed :

1st. By holding the face an inch or two from the point, a breeze
proceeding from it, and called the electric aura, is very dis-
tinctly felt. At the same time the taste and smell of the elec-
tric fluid or of its effects may be experienced.

ond. In the dark, the electricity as it flows from fhe point
escapes in brushes of light of exceeding great beauty when tl_xe
point is attached to the prime conductor, but appears as a b?ﬂ'
Jiant star of light when the point is attached fo the negativg

condugtor, .
M
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XII Tho clectric discharge is sent through an exhausted receiver (in the
form of a long tube if possible.) The appearance presented is
that of flashes of diffused light bearing a strong resemblance to
the Aurora borealis.

LECTURE XXXI.
ATMOSPHERIC ELECTRICITY.

413. The chief sources of free atmospheric electricity are
—Evaporation, Condensation, Friction of the wind over the
ground, especially in frosty weather, Chemical Action, and the
Phenomena of Animal and Vegetable Life.

414. It has been found by experiment that the electricity of the
air is always positive, and that it varies in quantity several times
through the day, being least at mid-day and mid-night, and
greatest shortly after sunrise, and just before sunset. It also
increases in amount from July to January, from which time it
decreases till the following July. The quantity likewise in-
creases as we ascend into the higher regions of the atmosphere.

Notre.—The earth is always negatively electrified, and, acting inductively
on the air surrounding it, causes it to assume the positive state.

415. The principal phenomena dependent on aérial electricity,
are Thunder-storms, and Meteors ; Whirlwinds, Water-spouts, and
Earthquakes have also, by some, been attributed to electrical
agency.

416. TEUNDER-STORMS are most common and violentin the torrid
zone and decrease in intensity and in frequency towards the
poles—never occurring beyond the 75° N.Lat. They are more
frequent in summer than winter, and in the afternoon than in
the morning. The free electricity of thunder-storms is devel-
oped by the rapid and copious condensation of vapour in
the higher regions of the atmosphere. The clouds may become
either positively or negatively electrified, and the same cloud
sometimes consists of concentric bands or zones alternately
positive and negative—the electricity being weakest at the
edges and strongest at the centre. When a cloud charged
with either electricity floats near the surface of the earth it
induces the oppesite kind in the ground immediately beneath
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it. When two oppositely electrified clouds, or an electrified
cloud and the earth, approach within striking distance, a union
of the electricities occurs and is accompanied by the pheno-
mena of light (lightning) and sound (thunder).

417. Lightning is of three kinds, distinguished by their form :
Zigzag, Fork, or Chain lightning.
Sheet lightring,
Ball lightning.

418. Z16z46¢ L1GHTNING i3 the most vivid, intense and danger-
ous, and is said usually to pass between the earth and the clouds,
seldom flashing from cloud to cloud. SugeT LigurNING is the most
common and is probably owing to the vivid light of zigzag light-
ning being intercepted by some intervening cloud. BaLL or
GLOBE L1GHTNING is extremely rare and exceedingly dangerous.

NOoTE.—When a highly charged thunder-cloud of great extent ap.
proaches the earth, it induces the opposite kind of electricity in the part
of the earth beneath it and repels that of the same kind. Now if the
cloud comes within striking distance of the earth, a flash at one extremity
is frequently followed immediately by a2 flash at the other., This second
discharge is called the return stroke, and is quite as dangerous as the first
or direct discharge.

419. As light travels 192000 miles per second and sound only
1118 feet in the same space of time, it follows that we may easily
determine the distance of a flash of lightning by simply count-
ing the number of seconds that elapse between the occurrence
of the flash and the arrival of the report, and allowing 1118 ft.
for each second, or about one mile for every five seconds.  *

420. When a flash of lightning falls upon sand, its path below
‘the surface is often marked by a Fulgurite, which ig a tube
formed of sand vitrified by the action of lightning. The fulgu-
rite is winding in its shape, and often throws out lateral spurs or
branches ; it contracts towards the lower extremity, and usually
terminates in a reservoir of water, The tubes are generally
coated internally with a brilliant glass, and vary in diameter,
from 1y of an inch to 3} inches; the thickness of their sides
varies from 35 of an inch to § of an inch ; the branches vary in
length from } of an inch, to 12 inches and the main tube from } of
an inch to 40 feet. o
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421. Hear LiGATNING, or lightning unaccompanied by thundet,
is produced by the atmosphere becoming in sultry weather both
rarefied and moist, and thus permitting sileni flashes of electri-
city to pass between the earth and the clouds. More commonly,
however, heat lightning is simply the reflection, from the atmos-
phere, of the lightnings of storms so remote that their thunders
cannot be heard.

422. LicarNinG Rops if properly constructed afford almost
certain protection from electricdischarges during thunder-storms.
The most perfect lightning rods are made of copper bars, % of an
inch in diameter, extending from a considerable height above the
building to the depth of 6 or 8 feet beneath the ground. Com-
monly, however, they are made of iron or of iron galvanized, i.e.
coated with zinc, and ought not to be less than an inch or § of
an inch indiameter. The rod should either be continuous from top
to bottom,or should consist of pieces screwed together, not merely
attached to one another by hooks; it should be fastened to the
building by wooden supports and should have a metallic con-
nection with any metal pipes or troughs that may be attached to
the building. It should extend upwards to the height of fron ten
to twenty feet above the house top, and downwards to some
permanently moist stratum of earth. If not galvanized it should
be painted with lamp black throughout its entire length and under
all circumstances it should terminate upwards in several points
plated with gold or platinum and downward in three or four
branches bent from the building and well embedded in charcoal.
The lightning rod protects the space around it to a distance equal
to twice its height above the summit of the house—thus, if it rises
twenty feet it will protect & circular space eighty feet in diameter.
It is as great an error to suppose that lightning rods attract the
electric fluid towards the building as it would be to suppose that
rain pipes attract the rain which falls on the roof~—they do, indeed,
frequently disperse, by a silent and gradual discharge, the elec-
tric fluid of a thunder-cloud, and thus considerably diminish the
chance of the building being struck at all,

423. In a building not protected by a paratonnerre or light-
ning rod the safest place is in an underground cellar or, if not
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in & cellar, on some non-conducting substance ag a feather bed,
&c., and the most dangerous locality is near the fire place, as the
smoke forms a conducting medium for the descent of the electric
fluid.

424. The most remarkable meteoric phenomenon dependent
on aérial electricity is the brilliant jet of fire so frequently seen
upen the top-masts of ships, the pointed summits of rocks, &c.
Itis known by the names of St. Elmo’s Fire, or Castor and Pollux,
and is produced by the slow discharge of the electrical fluid
from points,

425. The Aurora BoreaLs, or northern lights, has been sup-
posed to be produced by the passage of electricity through the
highly rarefied medium which exists in the higher regions of the
atmosphere—the different colors being caused by the current
passing through strata of different densities. Its real origin,
however, is involved in great obscurity, and very little is satis-
factorily known about it. The aurora appears to be intimately
connegted, in some unexplained manner, with terrestrial mag-
netic electricity, and this is about all we can say with respect to
the nature of the phenomenon,

NoTE.—The aurora is by no means a mere local appearance, as the same
aurora has been secn simultaneously in Europe and America, and in other
places separated by several thousand miles. Their height has been vari-
ously estimated at from 100 to 200 miles. During the continuance of a
brilliant aurora, great magnetic disturbances are noticed, and the aurora
induces sufficient magnetic electricity in telegraph lines to work them for
hours together,

DYNAMICAL ELECTRICITY..

LECTURE XXXII.
DYNAMICAL ELECTRICITY, ITS NATURE, HISTORY, Erc.

426. Dynamical electricity is the same in kind as common
or statical electricity, differing from the latter only in its source
and its degree of tension.

NotE 1.~Itis developed exclusively by chemical action and possesses S0
little tensional power that it is unable to force its way through the thin-
nest possible stratum of a non-conductor.
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NOTE 2. The term Dynamical as applied in electrical science is used in
a peculiar sense—merely implying the fact that the fluid travels or moves
in currents. This must be distinctly understood because the variety of
electricity in question possesses, in itself, little or no mechanical force,
i, e., disruptive power,

427. The principal distinctions between dynamical and com-
mon electricity are the following :

I. Common electricity is developed exclusively by friction.
Dynamical electricity is produced only by chemical action.
II. Common electricity is evolved in small quantities but pos-
sesses high tensional power.
Dynamical electricity is developed in considerable quanti-
ties but evinces low tensional power.
11I. Common electricity manifests itself only when the circuit
is open.
Dynamical electricity manifests itself only when the circuit
is closed.

Thus, if the chain from the negative conductor of an electrical machine
be attached to the prime conductor the circuit is closed and although the
machine may be in action there appears to be no electrical disturbance,
but, if an inch or so of atmospheric air or other non-conducting body
breaks the circuit, the fluid manifests itself. In the voltaic battery
on the other hand, all evidence of the existence of the electrical fluid

ceases unless the wires from the poles are in contact or are connected by
some conducting body.

428. The chief points of resemblance between the two varieties
of electricity are the following :

I. Both are powerful decomposing agents, but, as the quan-
tity of electrical fluid determines the amount of chemical
decomposition, dynamical electricity is a much more
efficient agent in this respect than common electricity.

II. Both exhibit the phenomena of attraction and repulsion.

III. Both possess the power of disturbing the electrical condi-
tion of neighbouring bodies by induction,

IV. Bodies that are conductors or non-conductors of one are
likewise conductors or non-conductors of the other.

V. Both possess the same or highly analogous physiological
effects.
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VI, Both manifest themselves in passing through the air or
other imperfect conductor by the phenomens of light
and heat, The light manifested by common electricity
is instantansous only, while that produced by dynamical
electricity is continuous on account of the continuous
stream or current of the fluid that passes in the circuit.

VIL. Both are explicable upon the assumption of either Frank-
lin’s or DuFay’s electric theory.

e

429. The science of dynamical electricity had its origin in the
discovery by Galvani, professor of anatomy at Pavia, of the con-
vulsive contractions produced in the legs of a frog by making
a metallic connection between the muscles and the nerves.

Note 1. If two metals be employed, on¢ to touch the nerve and the
other the muscle, upon bringing the mefals themselves in contact ghe con-
vulsive movements are much more violent. But metallic contact is not
essential to the production of these contractions,for Galvani found that they
are also produced by the contact of the interior nervous matter with the
exterior muens, So also if some recently skinned legs be thrown into a
mixturs of salt and water they exhibit repeated convulsive jerks and con-
tractions.

NoTE 2. The story of the accidental discovery in 1790 of these movements
in froga’ legs prepared as a delicate morsel for Madame Galvani’s repast is
known to have been a pure fabrication. The professor had then been
many years using frogs’ legs as delicate electroscopes in his experiments
upon animal electricity.

430. Galvani conceived the muscular system of an animal to
be positively electrified, and the nervous system, negatively, and
that the contractions above spoken of were produced by the
shock arising from the reunion of the fluids through the metallic
conductor.

431. Volta, another Italian professor, continuing the experi-
ments of Galvani, arrived at the conclusion that the effect produ-
ced on the frogs’ legs was due not to animal electricity but to the
contact of two dissimilar metals ; and, although electricians have
subsequently satisfactorily shown that it is attributable solely
to chemical action, this contact theory of Volta has still many
advocates on the continent of Europe.
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432, The following sketch contains a few of the more impor-
tant points in the history of dynamical electricity :

1762

1786

1796

1800

1807

1807

1807

SuLzer, in his work on ¢ the Theory of ‘Agreeable and
Disagreeable Sensations” mentions that when the
tongue is placed between two discs of dissimilar
metals, and the edges are brought in contact, a pe-
culiar metallic taste is experienced. He was not
aware that this had any connection with electricity,
but accounted for it by supposing that the metals
combine, and thus produce a trembling motion in
their respective particles which excites the nerves
of the tongue.

Suier GaLvant, of the University of Bologna, discover-
ed the convulsive movements set up in frog’s legs by
contact with metals.

VoLra, of the University of Pavia, discovered the fact
that electricity is apparently produced by mere
contact and was hence led to the invention of his
“Pile” and * Couronne des tasses” which are the
types of all the arrangements at present used for the
production of dynamical electricity. Volta did not
communicate his invention of the ‘ Pile” or ¢ Cou-
ronne des tasses” to the world till the year 1800.

Niceorson and Caruisie, of London, decomposed
water and other compounds, by the agency of the
voltaic battery or pile,

Sir H. Davy succeeded in decomposing potassa and
proving it to be the oxide of the metal, potassium.
He subsequently decomposed other oxides and thus
discovered several new metals,

Proressor (ErsTED, 0of Copenhagen, called attention to
the analogy between magnetism and voltaic elec-
tricity and thus laid the foundation of the science of
electro-magnetism,

M. Araco discovered that the electrical current pos-
sesses the power of imparting magnetism to steel
and iron, and M. Ampére announced his theory that
magnetism is induced by circular currents around
the magnetised body.

i -
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1830 [ M. Amrire suggested the application of deflected
needles for telegraphic purposes.

1831 | FaRApAY laid the foundations of the science of mag-
neto-electricity.

1837 | M. ALExANDER, of Edinburgh, exhibited in London an
electric telegraph on Ampére’s principle, but his
instrument was so complicated ag to be ugeless, a
separate needle and insulated wire being required
for each letter of the alphabet.

[Since 1837 between two and three hundred patents have
been granted for different methods of telegraphic correspond-
ence, nearly all depending upon electricity.]

LECTURE XXXTII.

ARRANGEMENTS EMPLOYED FOR THE PRODUCTION
OF DYNAMIC ELECTRICITY.

VOLTAIC PILES.

433, The arrangements employed for the development of
dynamical electricity are of two kinds, viz.:
1. Voltaic Piles; and
II. Voltaic Batteries.

434, Vortalc or GaLvaNic PiLes consist, essentially, of an ar-
rangement of metallic discs separated by discs of paper or of
cloth. The two metals commonly used are either silver and zinc,
copper and zinc, or zinc and binoxide of manganese, and the pile
is composed of an alternation of several hundred of these dises
bound together by screws or packed in a glass tube. Voltaic
piles are either:

1. Moist Piles; or
II. Dry Piles.

435. The M0IST PILE, originally invented by Volta, is formed
by taking discs of silver, zinc, and cloth or paper, about one and
a half inches in diameter and alternating them, always observing
the order—zinc, cloth, silver, zinc, cloth, silver,—so as to have
the hottom plate zinc and the top one silver. The outside discs
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are cach supplied with a conducting wire and the intermediate
cloth or paper discs are kept moist by brine or weakly acidu-
lated water.

NoTE.~—The paper or cloth discs are made somewhat smaller than the
others and the whole arrangement is placed between three or four glass
rods and held together by binding screws.

436. De Luc's prY PiLE is formed by soaking sheets of thick
writing paper in milk or honey, or other analogous animal fluid,
and then gumming on one side of it a sheet of tin-foil or zinc-
foil, and & coating of black oxide of manganese on the other,
The sheets are now cut into discs about the size of shilling
pieces and these are packed in a glass tube so that all the zinc
or tin-foils face the same way. Two or three hundred or even
thousands are placed in the same tube and are pressed together
by metallic caps and screws.

NoTE.—One end of the pile is positive and the other negative, and this
disturbance is exhibited for a great length of time ; but, if the paper discs
are artificially dried before being packed, no electrical excitement is pro-
duced, thus proving that here, as elsewhers, the evolution of the fluid is
due to chemical action.

4387. Zamboni's DRy PILE consists of several thousand discs of
metallic paper, having one side coated with zinc and the other
with gold-leaf, packed in a tube as in the case of De Luc's dry
pile.

BATTERIES.

438. A Vorraic BATTERY properly consists of a combination
of two or more simple voltaic circles, but the term is also ap-
plied to the simple circle itself when capable of producing any
considerable effects.

439. The essential elements of a simple voltaic circle are ;

I. An elementary body (zinc) and a compound body (dilute
acid) which act chemically upon one another in such a
manner that the elementary substance (zinc) is substie
tuted for a constituent (hydrogen) of the compound,
which constituent is expelled ; and

II, A conducting substance (platinum, copper, silver, charcoal,
&c.), which is not chemically acted upon, but merely fur-
nishes a route for the passage of the electrical fluids, to
recombine with one another continually,
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440. Voltaic batteries may, for the most part, be divided into
the following classes; viz.:

I. Those formed of two different metals and one fluid.

II. Those formed of two different metals and two dissimilar
liquids.
III. Those formed of two different fluids and one metal.

SINGLE-FLUID BATTERIES,

441. The principal single-fluid batteries are the following :

I. Cruickhnank’s trough.
II. Wollaston’s battery.
III. (Ersted’s trough.
IV. Hare's spiral or calorimotor.
V. The sulphate of copper battery.
VI. Smee's battery.

442. CruicksHANK'S TROUGH, the first improvement on Volta's
couronne des tasses, consists of zinc and copper plates cemented
water-tight into grooves in the sides of a porcelain trough so as
to be parallel to one another and a short distance apart.

Nor®.~One of the chief objections to this battery is the tediousness
of filling the separate cells with the exciting liquid. It was improved by
Davy and Nicholson who soldered the metallic plates to a rod of metal so
a8 to immerse the arrangement with ease,

443. WoLLASTON'S BATTERY resembles Cruickshank’s as im-
proved by Davy and Nicholson, the essential difference being
that each zinc plate is placed between two copper plates. The
active surface is thus doubled and the battery rendered more
effective in the same proportion.

Norr.—The battery employed by Davy in his immortal discovery of the
metals of the alkalies (October, 1807) was of this kind, and was made in
1803, It consisted of a combination of 24 plates twelve inches square, 100
plates six inches, and 150 plates four inches, the whole being equivalent to
274 plates four inches square,

The celebrated battery of the London Royal Institution, made in 1810,
was also of this construction, and consisted of 2000 couples arranged in 200
glass troughs, each trough containing 10 couples and each plate having an
effective surface of 22 square inches,
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444, (Erstep's TroueH consists of copper compartments
which contain the exciting fluid and in which the zinc is placed
s0 as not to touch the other metal in any part.

445, Hare's SpiraL or CaroriMoToR is formed by rolling zine
and copper sheets into a spiral or coil so that the plates are
everywhere about half an inch asunder. Several of these
arrangements are placed in cells containing dilute acid.

NoTe. The original calorimotor of Dr. Hare consisted of 20 zinc and 30
copper plates each 19 inches square rolled into a coil and combined in a
box in such a manner as to form but two large elements of 50 square feet
cach or 200 square feet of active surface in both members. The enor-
mous battery of Mr. Children was also of this construction, being formed of
16 pairs of plates, each 6 feet wide and 23 feet long.

Pepys spiral at the London Institution was formed of sheetsof copper
and zinc each 50 feet long and 2 feet wide. These were coiled upon one
another with horse-hair ropes between them. Each bucket contained 55
gallons of the exciting fluid.

446. The SuLpraATE oF CorPER BATTERY consists of an outer and
an inner cylinder of copper. The intermediate space containing
a solution of sulphate of copper in very dilute sulphuric acid.
A zinc cylinder is plunged between the coppers into this excit-

ing liquid and is kept from contact with the copper by wooden
rings.

447, SMEE’S BATTERY i3 the most efficient
of all single fluid batteries. It consists of
two plates of zinc, z, z, clamped to a piece
of wood w by means of the clamp b. Be-
tween the zinc plates there is a plats of
platinum foil, p, or of platinized silver, the
exciting fluid is formed by diluting sul-
phuric acid with from seven to sixteen times
its bulk of water.

TWO-FLUID BATTERIES,

448, The principal two-fluid batteries in-
volving the use of two dissimilar metals or
their substitutes are :
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1. Daniell’s Constant Battery,
li. Grove’s Nitric Acid Battery,
III. Bunsen’s Carbon Battery.

449. DanieLr’s ConsTaNT BATTERY consists of a copper vessel,

C, Fig. 54, in which is placed a porous earth-
enware cell, p, containing a cylinder of zinc. Fig. 54.
The copper vessel is filled with a saturated
solution of sulphate of copper and the
earthenware cell with dilute sulphuric acid.
Finally, as in all other compound bat-
teries, the zincs and coppers are alternately
connected by copper wires.

NoTE.~—In order to keep the solution in the outer
vessel saturated, some crystals of sulphate of copper
are placed on a perforated shelf at the top of the
jar—extending from the porous cell to the copper
vessel. This is necessary because as the zinc oxi-
dizes in the inner cell the sulphate of copper in
the outer cell is decomposed,

450. This battery is ealled the constant battery on account
of the permanence of its action and this permanence is to be
accounted for as follows :

In all other forms of voltaic battery the particles of hydrogen,
and ultimately those of oxide of zin¢, as they are liberated or
formed, are deposited on the copper, and thus mar its conducting
capacity : the action of the battery becoming weaker and
weaker, from this cause, till it finally ceases entirely. In
Daniell’s battery this is obviated as follows: The hydrogen
of the decomposed water is not given off in bubbles at
the copper surface as in other batteries, but the sulphate of
copper in the outer cell being decomposed atom for atom with
the decomposed water, the hydrogen takes the oxygen of the
oxide of copper and metallic copper is deposited on the inner
surface of the outer cell, Thus the metallic copper surface is
constantly renewed, and if the zinc be well amalgamated and
means be taken for renewing the strength of the acid solution,
the battery remains in unimpaired action for many hours.

451, Grove's BaoTTERY consists of a cylinder of zinc open at
hoth ends, and containing a porous earthenware cup in which



178 TWO-FLUID BATTERIES.

is immersed a slip of platinum foil. The arrangement is plunged
in an outer glass or porcelain vessel containing dilute sulphuric
acid. The porous earthenware cup is filled with strong nitric
acid, and the zinc and platinum elements are properly connected
by conducting wires.

452. GrovE's BaTTERY is the most powerful and energetic
voltaic arrangement in use. The platinum in it being estimated
to be equivalent to 18 times as much copper surface in Daniell's
battery. Four cells with platinum foil 3 inches long and half-
an-inch wide decompose water rapidly and an arrangement of
from 20 to 50 such cells forms 2 battery of amazing power.

453. In Grove's Battery there is a double decomposition and
consequently an increased evolution of electricity. The water
is decomposed, as in other batteries, but the hydrogen, in place
of being evolved, decomposes the nitric acid in the porous cell
and combines with part of its oxygen. Copious fumes of peroxide
of nitrogen are given off and so vitiate the surrounding air as to
render it important to keep the battery while in action in a good
draught of air. A part of the peroxide of nitrogen being ab-
sorbed by the nitric acid colors it green.

454. Bunsen's CarBoN BATTERY is the same in principle as
Grove's nitric acid battery—the same fluids and porous cups
being used in each. The essential difference is that Bunsun sub-
stitutes a cylinder of baked coke in the porous cup in place of
a slip of platinum foil.

BATTERIES OF ONE METAL AND TWO FLUIDS.

455. The third class of batteries or that comprehénding the
arrangement in which two dissimilar fluids and but one metal
are uged, includes :

1. Becquerel's Battery,
II. Reinsch’s Charcoal Battery,
IIL. Grove's Gas Battery.

456. BeCQUERBL'S BaTTERY consists of a U-shaped tube of
glass, one arm of which contains a solution of caustic potash
or any other powerful base, and the other arm sulphuric acid or
any other strong acid, the two fluids being separated by a plug
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of clay or some other porous substance. A strip of platinum
baving a wire attached is immersed in each arm, and upon bring-
ing these wires into contact an electrical current passes.

457. Remscr's CHARCOAL BATTERY is formed of a glass jar
containing a porous earthenware cell—both the outer vessel and
the inner cell being filled with coarsely powdered charcoal.
The charcoal in the outer vessel is saturated with sulphuric acid,
and that in the porous cell with nitric acid. Finally a rod of
coke or charcoal, having a wire attached, is placed in each com-
partment.

458. Grove's Gas BATTERY consists of a glass tube,.4C, having
a series of legs attached at right angles to it, and a series of
glass jars ZB, each, except Z, having fixed in it two platinum
plates, one long and narrow and the other shorter and wider.
The wide plate of each cell is placed higher than the narrow
one, and is connected to the narrow of the mext cell by a plati-
num wire. The glasses are filled. to the top of the narrow

Fig. 55.

plates with acidulated water. In the vessel, Z, is a piece of
gzinc supported on a little tripod, and surrounded by dilute
sulphuric acid. The stopper being removed from the tube, AC,
the legs are immersed in the cells so that each narrow plati-
num plate may be inclosed in a leg, the wide ones being ex-
cluded and exposed to the air: the hydrogen evolved in the
vessel, Z, will rise and fill AC, expelling the atmospheric air.
The glass stopper is then to be inserted into .4, and the genera-
tion of hydrogen will continue pntil the piece of zinc becomes
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uncovered with acid: then the narrow slips of platinum will be
exposed to an atmosphere of hydrogen in the legs of the tube,

. the wide ones being exposed to the oxygen of the air. A current
of electricity will thus be generated, the wire connected with
the narrow plate conveying negative and that connected with
the wide plate positive electricity.

459. Although the electromelers, as they are termed, are
commonly zine, copper, and dilute sulphuric acid, or zinc,
platinum, and dilute sulphuric acid, many other substances may
be employed for the production of a current of electricity.

4680. In the following table the most positive metals are
placed first in the list and the least 'positive or those less oxidi-
zible last. The generating plate of the battery is, therefore,
made of ene of the plates first in the list and the conducting
plate of one of the last; and, the more remote the two metals
stand from each other in the scale the more decidedly will the
electrical current be produced.

TABLE OF TENSION.

Positive. 8. Brass.
1. Zinc. 9. Copper.
9. Lead. 10. Silver.
3. Cadmium. 11. Gold.
4. Tin. 12, Platinum.
5. Antimony. 13, Graphite.
6. Bismuth. 14, Charcoal.
7. Iron. Negative.

NoTE.—~A second zine plate of the same kind as the first can never act
as a conducting plate because it generates a current opposed in direction
to the first. But if the generating plate be of rough cast zinc, a plate of
rolled zinc made perfectly smooth, will act as a condncting plate and cause
the evolution of a weak current,

461. The exciting liquid may be any acid, but that commonly
employed is either dilute sulphuric acid or hydrochloric acid.
Nitric acid ig objectionahble on account of the production of
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fames of peroxide, The acid may be used of any degree of
strength but usually, if sulphuric acid, it is diluted with from
8 to 16 times its weight of water.

LECTURE XXXIV,

CONDUCTORS AND NON-CONDUCTORS, OHM'S FOR-
MULZE FOR COMPARATIVE STRENGTH OF VOLTAIC
CURRENTS, MEANS OF INCREASING THE INTENSITY
OR THE QUANTITY OF THE FLUID IN THE CURRENT.

CONDUCTORS.

462. We have seen that bodies may be divided into the two
classes of conductors and non-conductors of statical electricity
and the same division holds with respect to voltaic—the same
bodies being good or imperfect conductors of both. Faraday
has shown that it is & general law that the so-called solid non-
conductors ‘ assume the conducting power during liquefaction
and lose it during congelation.”

Thus, water is a tolerably good conductor, ice is a very imperfect conduc-

tor; liquid chloride of lead is a good conductor, solid chloride of lead a
very imperfect conductor.

483. As a class the metals are excellent conductors, but they
differ among themselves very much in this respect—copper
being among the best and potassium among the worst metallic
conductors. In the following table the conducting power of
copper is expressed by 100.

TABLE OF CONDUCTING POWERS.

Copper.cvvececrsenn 100 Iron ...... cdeerases 15

Goldievsenuannannn 93 Lead.evevvren. veeen 8

(311875 S 73 Mercury..ceeesesesse 3

ZinC.ievanee- ceraaen 28 Potassium........o0e 17
| Platinum........... 16

4684. Since all metals are more or less imperfect conductors
it follows that: .
N
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I. The resistance offered by.a metallic conducting wire in-
creases with its length,

II. The resistance afforded by a metallic conducting wire
decreases as its sectional area increases, and hence;

III. The resistance of a conductor, of the same substance
throughout, varies directly as its length and inversely as its

sectional area, or
l

ro

§
where r — resistance, ! — length, and s = sectional area of the
conducting wire.

Nore~From this it appears if we have a conducting wire of uniform
thickness—doubling its leugth, halves the quantity conducted, &c. Onthe
contrary, if the length remains unchanged, doubling the sectional arca
doubles the quantity conducted, &c.

465. If [, s, ¢, respectively represent the length, the sectional
area, and the conducting power of a wire of any given metal,
and 7, ¢/, ¢/, the same elements of a wire of a different metal;
their resisting effects will be equal when :—

l 14
e T Y

466, From the expression in the last article we may easily
determine the reduced length of any wire, i. e. the length of a
wire of any substance which shall produce the same retarding
effects in a given length of a given wire.

ll

. {4
For since —— = v Vse=ldc or l’:-Tc—; i. e the

reduced length, U, of the second wire is found by multiplying its
sectional area by the relative conducting power of the metal of
which it is formed, and this product by the length of the first wire,
und dividing by the product of the sectional area of the first wire
and the relative conducting power of the metal composing it,

OHM'S FORMULZE OF RESISTANCE.

467. The amount of electrical or chemical power possessed
by a voltaic circle, simple or compound, is determined by the
quantity which passes through a transverse section of the arrange-
ment, in & unit of time, and depends upon two circumstances :—
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¥ 1. The power or electromotive force of the battery.

II. The resistance offered to the passage of the current, by
the liquid and solid conductors through which it has to pass.

From this it directly follows that :—

I. The electromotive force remaining the same, doubling the
resistance reduces the strength of the current to one-half, treb-
ling the resistance reduces the strength of the current to one-
third, &c.

IL. The resistance remaining the same, doubling the electro-
motive force doubles the power of the battery, trebling the
electromotive force trebles the strength of the current, &c., and
hence

III. If E = electromotive force, R — total resistance, and Q=

quantity in circuit :—
E
RE x

That is, the quantity of the fluid that passes in a unite of time
through a transverse section of the conducting wire or any other
part of the circuit varies directly as the electromotive force and
inversely as the total resistance.

NoTE 1.~This and the following formul are known as Ohm’s Formulwx,
and were first investigated in 1827 by the distinguished mathematician,
whose name they bear. That given above must be regarded as a defini-
tion of what we mean by electromotive force and what we mean by resis-
tance, rather than as the expression of a theorem or law.

NorE 2.—It must be distinctly understood that in the following formulas
we merely compare the strength of electrical currents with one another,
and not with any unit of mechanical force or even of electrical or magnetic
attraction or repulsion.

468. The following formula are useful chiefly as enabling
us to determine the effect produced on the strength of the cur-
rent by

I. Increasing the number of plates or cells.
II. Increasing the size of each plate or cell,
I11. Increasing the length of the conducting wire, &c.

469. The total resistance experienced hy a voltaic current
consists of two parts, viz i~
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I. The external resistance, or that offered by the conductor
joining the poles, and this, as we have seen, depends upon the
length, conductibility, and sectional area of the wire.

II. The internal resistance or resistance of the cell,and this
depends upon the nature, size, and distance apart of the metallic
plates, and the conductibility of the exciting fluid.

470, If I =—external resistance, I = intensity, and » = internal

resistance, then for a single cell,
I I4r
NoTe.~If the external resistance consists in part of that afforded by a
metallic conducting wire, and in part of that afforded by an clectrolyzable
liquid »', then:
E

Hr'+r

471. If we now regard the battery as being composed of =
cells, perfectly similar, the electromotive force becomes nE, the
internal resistance nr, and /, remaining the same

nE
1% o5y

Dividing both numerator and denominator of this expression by
n we find that

I

E
re gy

It is evident that the value of the last expression increases
with 7 or in other words the intensity increases with the number
of cells in the battery.

NoTte 1.—This increase of intensity by increasing the number of cells is

most evident when the external resistance is great in proportion to the
internal, while on the contrary if  is very small ! is very small and the

intensity changes but little with any increase in the number of cells in the
battery.

. nE F
NoTE 2.-1f1 =0, 1 —_— =
0 cco+nror1<1: orlccr
NotE3.—Ifeach added cellisaccompanied by an external resistance equal
to I, the intensity is not increased by incrcasing the number of couples
for, in that case, I nE 1 r
nlt+nr ortec T-Fr

472. If the external resistance, /, is very great, I is very
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small unless n is also very great; for if /is very great com-
pared with », Ln is very great, and therefore E is very small,
=

Hence it is necessary to employ a very large number of cells in
a compound battery when a considerable amount of resistance
is to be overcome, as in the electrolysis of imperfect conductors,
the production of the voltaic arch, the transmission of a mes-
sage through a long telegraphic circuit, &c.

473. In connecting the metallic elements of the cells toge-
ther we commonly unite the zinc of one cell with the copper of
the next and so on. By this arrangement, we form a compound
battery of many cells. If on the contrary we take a number of
cells and connect all the zincs together, and also all the coppers
together, the arrangement will constitute but a simple circle,
and will be, in effect, equal to that produced by two plates each
possessing a surface equal to the aggregate surface of the seve-
ral plates of the corresponding metal.

In this case if there be m cells the internal resistance will
necessarily be only the m the part of what it would be in 2 com-
pound battery of the same number of cells, Hence in m cells
having all the zincs connected together and also all the coppers,

E

l+5
Hence if ! be very great compared with r the intensity will
be but little increased by enlargihg the size of the plates.

I «

Nore.—~If ! be very small in proportion to  the intensity is much
increased by this method and if I= o or be infinitely small I = ™5, i.e.

p
the intensity will be proportional to the extent of surface acting as a single
couple. .

474. Since the quantity of electricity developed is in direct
proportion to the amount of metallic surface chemically acted
upon, we have the quantity of electric fluid that passes in a unit
of time through any part of the circuit equal to the electromo-
tive force divided the sum of all the resistances, i. e.,

o E
7 .l+r
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and hence in the case referred to in Art. 471,
E
g% 1+
"
and in that alluded to in Art. 473,
E
9%

When the external resistance ! becomes so small as to be neg-
lected these formulee severally become
E mE
goc — and g ¢ -
It hence appears that :

1. Increasing the number of cells in a battery, when the
external resistance is not great, does not increase the quantity
of electricity in current.

1I. When the external resistance is not great, increasing the
size of the plates increases in the same proportion the quantity
of fluid in the current.

475. If, at the same time, we increase both the number of
cells, and algo the size of the plates,
E
Torgo T r

n m
From which we learn that :—

If, 1, the external resistance, is great, as in the eleclrolysis of im-
perfectly conducting fluids, it is most advantageous to unite many
cells into a compound battery, but if the external resistance be small,
as in electro-magnetic experiments, greater advantage may be
obtained by uniting all the zincs together and all the coppers
together so as to form a couple of large extent of surface.
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LECTURE XXXV.

- EFFECTS OF THE VOLTAIC CURRENT, HEATING EF-
FECTS, LUMINOUS EFFECTS, PHYSIOLOGICAL
EFFECTS, CHEMICAL EFFECTS, ELECTRO-
TYPE PROCESS, THEORIES AS RE-
GARDS VOLTAIC ELECTRICITY.

CALORIFIC EFFECTS.

476. Heat is evolved whenever a current of electricity is sent
through an imperfectly conducting body, and, since the intensity
of the heat developed is greatest when large plates are employed,
we may infer that the calorific effects of the battery are due ra-
ther to the quantity than to the intensity of the current.

477. The heat of the current has been carefully measured by
Becquerel and others, by means of a close spiral inclosed in a
glass calorimeter. It has thus been determined that when a cur-
rent traverses a homogeneous wire the heat evolved in a unit of
time is proportional.

1. To the resisting power of the metal forming the wire.

I1. To the square of the quantity which passes in the current.
Thus, if we link together platinum, silver, iron, and copper, and pass a

current of electricity through them, the platinum, being the worst conduc-
tor, becomes most heated, and the copper least.

478. When a fine wire of platinum iz made to connect the
poles of a battery, it becomes, if sufficiently short, incandescent,
and finally melts. If such a wire be immersed in water con-
tained in any small vessel it causes it to boil, if in alcohol or
ether it ignites it, or if we carry it through phosphorus or gun-
powder it inflames it.

NOTE—An arrangement of this kind has been employed for blasting
in mines and in submarine blasting. In England it has been exten-
sively adopted for blasting the chalk cliffs. A number of holes are
bored and filled with powder, each having a strip of platinum wire placed
init. These platinum wires are connected to one another by means of
copper wire, and the whole properly connected with the battery. The in-
stant the battery is set in action the pieces of platinum become sufficiently
hot to explode, at the same momept, the gunpowder in every hole,
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479. The principal experiments illustrative of the calorific
agency of the battery are the following :—

I. When the positive electrode is formed of carbon, and is fash-
ioned into a small crucible, gold, silver, platinum and other
substances are rapidly melted, deflagrated and volatilized.
Under these circumstances it is found that gold burns with
a blue light ; silica, with a fine green; godium, yellow ;
potassium, violet; strontium, red; calcium, violet-red ;
barium, reddish-yellow, &c.

I1. Sapphire, quartz, lime, slate, &c., are readily fused, and the
earths reduced to their metallic bases.

II1. A piece of diamond placed in the charcoal cup, when the
other pole i3 brought over it so as to bring the voltaic
arch over the gem, melts, boils up,and presently spreading
open is converted into coke, thus showing that diamond
and coke or charcoal are but different modifications of
one and the same body.

LUMINOUS EFFECTS.

480. The luminous effects of the battery follow directly from
its heating power, for all solid bodies become incandescent when
heated to about 1000° F. (Draper.)

481. The luminous effects of the battery are seen on a small
scale whenever the circuit, even of a very weak arrangement, is
closed or opened. In using the very powerful battery of the
Royal Institution (2000 couples) 8ir H. Davy, discovered in
1809, that when charcoal points are attached to the poles they
may be separated to the distance of two or three inches and that
the intermediate space becomes occupied by an ovoid of light of
the most dazzling brillidney. To the light thus produced he gave
the name voltaic arch.

482. Although other substances may be employed as the
terminal poles of the battery for developing the voltaic arch—
graphite or well-burned charcoal is by far the most effective.
The arch may be produced equally well in atmospheric air, a
vacuum, in nitrogen, in carbonic acid, under water, &c., and
therefore cannot be connected with the combusion of the char-
coal.
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483. When charcoal or other points are employed, it is always
found that the charcoal on the positive electrode becomes cup-
ped or hollowed out while that on the negative eclectrode be-
comes elongated by a small cone which exactly fits into the
opposite depression. It is hence inferred that the electrical
light is due to the transference of highly incandescent particles
from the positive to the negative electrode. The rushing and
hissing noise which accompanies the voltaic arch is due to this
mechanical removal and passage of the particles of carbon
or other body forming the points.

484. In order to develop the arch under water or in air, or in
any other gas, it is necessary to first approach the points into
contact, and then gradually remove them to the maximum dis-
tance (two, three, or even four inches). This appears to be ow-
ing to the fact that the energy or intensity of the current is not
sufficiently powerful to enable it to penetrate the intervening
stratum of air or other non-conductor, but when the points are
brought into contact and then separated the projection of mater-
ial atoms commences, and the flow of the current is estab-
lished.

Note.—Herschel has shown that when the points are approached within
an inch or two of one another, and a charge from s Leyden jar transmitted

through them, it at once determines the formation of the voltaic arch—
doubtless by commencing the transportation of atoms.
Note 2—~In avacuum it is not necessary to approach the points into

actual contact in order to commence the flow. This is owing to the ftu’:t

that a vacuum does not offer 8o much resistance to the passage of the elec.
tric fluid. The voltaic arch is extinguished by a strong wind,

485. The electric light is, like solar light, unpolarized. It
explodes a mixture of hydrogen and chlorine and acts upon
chloride of silver and other photographic agents like the sun.
Like the solar light it imparts phosphorescence to the diamond,
fluor-gpar and other bodies. Fraunhofer has shown that the
spectrum formed by electric light differs from the solar spectrum
in having s very bright line in the green and another rather
bright one in the red.

NoOTE.—By means of an arrangement called “Duboscq’s photo-electrio

lantern > the electric light may be used to replace the sun in all experi-
ments requiring simply a strong white light, It is preferred to golar light
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for taking microscopic photographs, TFizeau and Foucault Liave, in com-
yaring the photographic power of the voltaic arch with that of the sun.
found that a double serics of 92 carbon couples gave an effect % of that pro-
duced by the sun two hours above the meridian on a clear August day. In
the same series of experiments they found that the Drummond light is

only equal in effect to - that of the sun. Bunsen found the voltaic arch

produced by 48 carbon couples equal in intensity to that of 572 candles,
PHYSIOLOGICAL EFFECTS.

486. A shock of voltaic electricity transmitted through the
animal frame produces effects which differ from those resulting
from machine electricity in being less violent and sudden but
more continued and accompanied by a peculiar sensation of
prickly heat on the surface.

NOTE 1.—1It requires a battery containing a large number of elements to
exhibit marked physiological effects. The shock from a battery of 300 or
more couples is capable of producing daungerous or even fatal results.
When the shock is sent through a chain of many persons their hands

should be moistened with salt and water and even then the effects are sen-
sibly less in the centre than near the poles.

NoTE 2.—A voltaic current sent through the car produces a roaring sound,
thrown upon the tongue it gives rise to a metallic taste, transmitted
through the eye it is accompanied by a flash of light.

NoTE 3.—In all cases the peculiar physiological effects are only
experienced when the contact is in the act of being broken or rencwed.
CHEMICAL EFFECTS.

487. In describing the chemical effects of the voltaic battery
it has become customary to employ certain technical terms that
were first suggested by Faraday. These terms with their deri-
vations and accepted significations are as follows:

1. ELEcTRODE (electron, ' electricity,” and hodos, ¢ a way")
corresponds to the old term pole or terminal wire. The negative
electrode i3 the way or direction in which the current enters the
battery, the positive electrode, the way or direction in which it
leaves the battery.

II. ANoDE (4na “upwards,” “ ag the gun rises,” and hodos) is
the side of a substance or decomposing cell by which the current
enters. .

IT1. Cathod (kata * downwards,” * ag the sun sets,” and kodos)
is the side of the body or decomposing cell by which the current
flows out.
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Nore.—Let a person suppose himself to be standing with his face towards
the north, fronting a battery placed on the ground with its vositive end to
the east, and the wires bent in the form of an arch in the direction which
the sun takes in his daily motion ; let him further suppose that the terminal
wires instead of joining, pass into a decomposing cell ; then the current
will pass out at the eastern side, will flow over to the west end, and again
enter the battery.

The positive electrode is the castern or right-hand sido of the battery,
and of course the western or left-hand side is the negative electrode.

The anode is the eastern or receiving side of the decomposing cell and
the western side is the cathode.

IV. ErgcrroLysis (electron ¢ electricity,” and luo ¢ I loosen,”)
is the term applied to the chemical decomposition of a body by
meansg of electrical agency.

V. ErEcTROLYTES (same derivation) are bodies susceptible of
decomposition by electricity.

VI. Ions (ion neuter of eimi  to go,”) are the chemical con-
stituents of the electrolyte. ’

VII. Awiowns (ane and ion) are the ions that go to the anode
and consequently correspond to what are otherwise called electro-
negative bodies.

VIII. Cations (kate and ion) are the ions that go to the
cathod and hence correspond to electro-positive bodies.

488. No electrical current, or only a very weak one, can pass
through a compound fluid without effecting, to a certain extent
its decomposition.

One of the simplest and most striking examples of this decomposing
power of the electrical current is seen in the electrolysis of water. The ap-

paratus commonly employed to exhibit this analysis Flg 56.
i3 exhibited in Fig. 56, which consists of two I I

tubes filled with water and inverted in a glass jar.
The terminal wires of the battery (marked 4 and
—, in the figure) are attached to two platinum
plates one in the lower end of each of the tubes.
The water is slightly acidulated with sulphuric
acid in order to render it a better conductor. Upon
transmitting the current from a battery of several
cells through this arrangement bubbles of hydrogen
gas are evolved at the negative pole, and of oxygen
at the positive pole, and the gases are collected in  __ : f’\ +
the tubes by displacing the water. After continuing

the experiment for a short time it will be seen that
twice as much gas is evolved at the — electrode as
at the electrode, hence proving that water is 2 compound of two vol-
umes hydrogen and one volume oxygen.
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489. The electrolysis of salts may be exhibited by filling a
U-shaped tube with a solution of the salt, colored purple by
the infusion of red cabbage, and then immersing in each end
of it a platinum plate connected with the poles of a battery.
When the connection is complete and the battery set in action
the solution becomes red at the positive electrode from the
liberation of the acid and green at the negative from the alkali
set free. If a haloid salt (see Chem. Art. 288) be employed the
chlorine or other halogen appears at the positive pole and
bleaches or discharges the color of the cabbage infusion and the
metal appears ag a basic oxide at the negative pole producing
the same green tint as before.

NoTE 1.—0n account of oppositely electrified bodies attracting one an-

other the constituent which goes to the positive pole is called the electro-
negative body and vice versd.

NoTE 2.—Bodies differ very much in the degree of facility with which
they suffer decomposition by the agency of electricity, Thus:

Todide of Potassium in solution. .........
Fused Chloride of Silver ....}are very casily decomposed.
Fused Proto-chloride of Tin, .. .

Cbloride of Lead fused.....
Todide of Lead fused.. Lare electrolyzed with more
Hydrochloric acid...... difficulty.
Dilute Sulphuric Acid........cooveverrvnneen. J

NoTE 3.—No body is ¢lectrolizable except when fluid, i. e. citherdissolved
or melted. The same element or constituent is not invariably electro-ne-
gative or electro-positive. Thus, hydrogen is highly electro-positive when
compared with oxygen or chlorine but it is uniformly electro-negative in
connection with the metals, Oxygen however is electro-negative in every
combination and potassium electro-positive.

490, The principal laws of electrolysis, are known under the
title of Faraday's Laws of Definite Action ; they are as follows ;=

I. The quantity of a given electrolyte resolvable into its
ions by clectrolysis depends solely upon the guantity
of the electric fluid which passes into it—being uite
independent of the form of apparatus used, the dimen-
sions of the electrodes, the strength of the solution,
&c.

II. In every case of electrolysis the ions are separated in
atomic proportions, and when the current is made to
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traverse several electrolytes in succession in the same
circuit the whole series of ions are set free in atomic
proportions to each other.

III. The oxidation of an atom of zinc in the battery generates
exactly as much electricity as is required to decompose
one atom of water or of any other eleotrolyzable pro-
toxide.

491. The principal sequences or corollaries to this theory
are —

1st. The source of voltaic electricity is chemical action ex-
clusively.

2nd. The forces termed chemical affinity and electricity, if
not absolutely one and the same, are at least very intimately
related to one another,

492. THE VOLTAMETER is an instrument designed to measure
the quantity of electricity evolved by any arrangement. It con-
sists of a graduated tube into which the combined gases set free
a8 in Fig. 56 are collected and measured, and depends upon the
principle above stated, viz: that the quantity of electrical fluid
that passes into an electrolyte determines the amount of chem-
ical decomposition.

493. The Erecrro-CHEMICAL THEORY of Sir H. Davy, assumes
that every body has a kind of natural appetency for the assump-
tion of either the positive or the negative electrical fluid, and that
bodies thus naturally possessed of these opposite kinds of elec-
tricity attract one another so as to unite and form a compond.
It thus reduces chemical affinity to a mere case of electrical at-
traction, and, of course, regards all compounds as binary in their
nature.

ELECTROTYPE PROOESS.

494. One of the most interesting and important applications
of the decomposing power of the voltaic circuit is seen in the
process of electro-metallurgy or the precxplta.tlon of metals from
their salts in solution, .
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495. The most simple form of electrotype ap-  Fig. 57.
paratus is shown in Fig. 57. In a glags jar,
as for example a tumbler, is placed a satur-
ated solution of a metallic salt, as sulphate of
copper. Within this is a porous earthenware
cylinder P (or a lamp-glass with a piece of
bladder tied firmly over the lower end) filled
with dilute sulphuric acld ‘

coated with the deposned metal, is suspended |1‘
in the metallic solution by a wire attached to
a zine plate which is immersed in the dilute
acid in the inner vessel. The whole thus forms
a compound cell resembling that of Daniell. When the arrange-
ment is complete the chemical action excited on the zinc disen-
gages electricity which passes over the wire to the suspended
medal and thence escaping into the metallic solution decom-
poses it. The precipitated metal is deposited upon the surface
of the medal and of course (Art 490) for every equivalent of
zinc dissolved an equivalent of copper, or other metal used, is
deposited, or for every 32'5 grains of zinc combined 32 grains
of copper are precipitated.

NoTE 1.—In practice when medals or engraved plates are to be copied
. reversed casts of the object to be copied are made in wax or fusible metal,
and these are subjected to the electro-type process; the back being pro-
tected by varnish to prevent the deposition and consequent adhesion of the
metal to it.

NoTE 2.—~In the electro-plating process by silver or gold, the metallic
solution employed is alkaline instead of acid. Even alloys as brass, bronze,
german silver, &c., may be precipitated from solution by the process of
electro-metallurgy.

THEORIES OF VOLTAISM.

496. With regard to the theory of the voltaic battery three
views have been advanced and are known respectively as ;=

I. VoLra’s ContacT THEORY.
1I. Tae CmeEMicAL THEORY.
11I. Tae MoLEcULAR THEORY.

497. Voura’s Coxtacr THEORY attributes the effects of the
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battery to the simple contact of unlike metals—each decomposing
the neutral electricity resident in the other, so that one becomes
positive and the other negative. It assumes that the chemical
aotion set up merely furnishes conductors for the passage of
the unlike electricities from one metal to the other so as to
recombine and again form the neutral compound.

Note.—The contact theory of Volta is strongly advocated by most of
the continental philosophers of Europe, and especially by those of Germany.
It seems, however, to be disproved by the simple fact that Faraday has
obfained the evolution of copious currents of Voltaic electricity without the
use of dissimilar metals.

408. The CuemicaL THEORY,supported by Fabbroni, Davy,Wol-
laston, Faraday, Becquerel, De la Rive, &c., supposes that chemi-
cal action is the exclusive source of the electric current and that
indeed voltaic excitement and chemical action are the recipro-
cals of each other.

NorEe.—It appears to be proved by the researches of Faraday and others
that chemical action is requisite to the production of the electric current,
and that the encrgy of the former is in exact proportion to the power of
the latter.

499. The MoLECULAR Tarory of Peschell takes a sort of middle
ground between the contact theory and the chemical theory.
It assumes that when electricity is generated in any voltaic ar-
rangement, it results from a molecular change, brought about in
the touching bodies by the adhesive force which subsists between
them,

MAGNETISM.

LECTURE XXXVI.

DEFINITIONS, NATURAL AND ARTIFICIAL MAGNETS,
PROPERTIES OF A MAGNET, THEORIES OTF
MAGNETISM, DIAMAGNETISM.

500. MagnETISH is the name applied to that peculiar power of
attracting iron, which is possessed by the lodestone.

The phenomenon of magnetic attraction was noticed by some of tho
earliest writers of antiguity—thns Thales, Pythagoras, Plato, Aristotle,
Pliny, Cicero, Lucretius, and others make mention of it in their works.
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501. The name magnet or magnetism is by many supposed to
be derived from Magnesia, in Asia Minor, in which locality the
lodestone was first discovered.

Others derive the term “ magnet > from “ Magnes” a shepherd who first
noticed its attractive force for his iron crook when tending his flocks on
Mount Ida.

Plato and Euripides call it the Herculean Stone, because it commands
Iron, the strongest of the metals.

The Jews in their Talmud, call it *“the stoue which attracts.”

The Chinese call it Zhsu-chy “the love stone” i. e, the stone loving to-
wards iron, They also term it “ hy-thy-chy > or “ the stonie which snatches
up iron.”

In the Sanscrit it is named ayaskanta * the stone loving towardsiron.”

The Hungarians call it magnet ké ““the love stone.”

The French term it ’aimant “ the loving stone.”

All the above terms are derived from its attractive force, others are
descriptive of its directive power, thus,

The Burmese call it @anamtchiim or “ the stone which shows the south.”

The Swedes term it segel-sten  the seeing stone,”

The Icelanders give it the name leiderstein “the leading stone.”

The English know it as the lodestone or *the leading-stone,” from the
Saxon ledan “tolead” (compare the terms lodestar * the guiding star ™
and lode “ the leading vein ” of the mine.)

NATURAL AND ARTIFICIAL MAGNETS.

502. All magnets are either natural or artificial.

503. The NaTurAL MAGNET or-the lodestone is a valuable iron
ore, having a composition represented by the symbol Fe, O,
=Fe O + Fe, O;, i. e. amixture of the protoxide or blackozxide,
and the red oxide or sesqueoxide of iron. It varies in color from
a deep grey to reddish brown or even black, and it has a specific
gravity of about 4:500. When worked, it affords an excellent
iron—good specimens giving ag much as 73 per cent. of the pure
metal. Magnetic iron ore is found magsive in iron mines, and
also in graing as magnetic iron sand in various parts of the
world. It occurs massive abundantly in the Laurentian Rocks
of Canada, and is common in the form of little black granular
masses in the boulders derived from these rocks. The massive
variety is found in quantity in several places in Canada, as
Madoc, Hull, Bedford, South Sherbrooke, Marmora, &c., and in
the form of magnetic iron sand on the peninsula opposite
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Toronto, where an abundance may be gathered by passing a
horse-shoe magnet through the sand.

504. ArtiFIciaL MacNETS are formed out of steel or iron bars
by contact, or by certain movements, or by induction with
another by magnet, or by & current of electricity conveyed
through the steel or iron bar.

NortEe.—The mode of magnetizing steel and iron bars will'be more fully
described hereafter.

505. ARTIPICIAL MAGNETS are either bar magnets or horse-shoe
magnets, and are further either simple or compound.

A Bar MAGNET consists of a straight rectangular bar of magnetized steel
or iron.

A HoORSE-SHOE MAGNET is formed by bending such a bar till itsextrem-
ities approach each other.

A S1MPLE MAGNET is formed of a single magnetized bar.,

A CoMPOUND MAGNET is composed of two or more simple magnets
riveted together. ’

Of course, simple and compound magnets may be either bar or horse-
shoe in shape.

A magnetic needle, is a long needle or other light rod of steel suspended
on its central axis so as to rotate easfly.

508. A NaTUuRAL MAGNET cannot commonly sustain & weight
equal to itself; and, although artificial magnets have been
formed so as to be capable of lifting from 25 to 30 times their
weight, yet their power is usually much legs than this.

Sir Isaac Newton is said to have had a small natural magnet, weighing
§ grains, which was capable of sustaining 750 grains or 250 times its own
weight. Cavallo tells us that he saw a natural magnet of 6% grains that
could sustain 300 grains. The Emperor of China gave John V of Portugal,
a natural magnet weighing 38 lbs., which was found in 1781 to be able to
raise 200 1bs., or 5 times its own weight.

Logeman of Haerlem, by an unpublished process, makes artificial mag-
nets capable of lifting 26 times their own weight, but they do not long
retain this power and commonly an artificial magnet is limited in its
lifting power to two or three times its own weight,

PROPERTIES OF A MAGNET.

507. The most important properties of a magnet are :—
1. Itg attractive force.
II. Its communicative force.
TII. Its -polarity.
o
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508. The attractive power of the magnet is chiefly exeried on
iron. Other metals are, however, but in less degree, susceptible
of attraction by the magnet, and, of these Faraday gives the fol-
Jowing list arranged in the order of their magnetic power :—

MAGNETIC METALS.

Iroun. Cerium.
Nickel. Titanium.
Cobalt, Palladium.
Manganese. Platinum.
Chromium. Osmium.

NoTE.~Hammered brass has also been found to be slightly magnetic.

509. By the polarity of a magnet is implied its directive force,
or in other words the property in virtue of which a magnetic
needle or straight bar, when balanced freely on its centre,
arranges itself in a direction from north to south. The norti
pole of the magnet is that directed towards the north, the south
pole is that directed towards the south. (See Note, Art. 510.)

510. In a carefully magnetized bar, itis found that the attrac-
tive force is accumulated at the extremities, and that it de-
creases in intensity towards the centre, where it becomes extinct.
The centre of magnitude of such a bar is tcrmed the magnetic
cenlre, the extremities of the bar, the magnetic poles,

NoTe.—The north or austral pole is that extremity, which, when the
bar is suspended horizontally, points towards the north; the south or
boreal pole is that which points towards the south.

This distribution of magnetic force in 2 bar magnet may be illustrated by
rolling the magnet in iron filings or magnetic sand, upon doing which it
is found that the particles of iron cluster about the ends of the magnet, but
none of them adhere to the middle portion.

511. When a bar magnet is broken into several pieces, each of
these becomes a complete magnet in itself, possessing a north
and a south pole, and all the other properties of the original mag-
netic bar.

512. Magnetic attraction ig exerted through plates of a]l
substances except those enumerated in Art. 508,—And bodies
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which thus allow magnetic force to take place through their
substance are termed dia-magnetic bodies.

This may be conveniently shown by scattering some iron filings in a
sheet of paper, or on a pane of glass, or on a slate, and passing a horse-shoe
magnet, to and for, underneath it, the iron filings follow the motion of the
magnet, although the paper, or slate, or glass intervenes.

513. Every magnet is surrounded by a more or less extended
sphere of magnetic influence, which is called its magnetic atmos-
phere. When a magnetic body, such as iron, is brought within
this influence, it becomes, withoutactual contact, magnetic alse,
the portion of the second body next the magnet, acquiring the
opposite kind of polarity to that of the pole to which it is opposed.
This separation of the latent magnetism of iron, or other magne-
tic body, into its constituent elements is termed magnetic induc-
tion.

In the case of statical electricity, we have seen that we can, at pleasure,
dovelop over the entire surface of a conductor either positive or negative
fluid. We cannot, however, have an exclusively austral or boreal magnet,
for in every magnet, we have the three parts, a south pole, a north pole,
and an intermediate neutral part.

514. All bodies exert more or less resistance to the induction
of magnetism. This resistance is termed coercitive force and is
at a minimum in soft iron and at a maximum in the diamag-
netic bodies generally.

515. The phenomenon of magnetism may be accounted for
either by the one-fluid or the two-fluid hypothesis, a3 follows :—

By the one-fluid theory, all bodies are supposed to have
resident in them a certain or natural share of magnetic fluid.
By induction or other means, the equilibrium of this fluid in the
so called magnetic bodies may be disturbed, so that it shall accu-
mulate in abonormal quantity at one extremity, and thus leave
the remote extremity or pole deficient in amount., According to
this theory then, one pole of the magnet has less than its natural
ghare or is —, the middle of the magnet retains its normal
quantity and is neutral, and the other extremity has more than
its proper quantity, or is +, and the so called diamagnetic bodies
are those in which no disturbance of the equilibrium of the mag-
netic fluid takes place by induction, contact, &c.
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The two-fluid theory assumes that there are in existence two
magnetic fluids, the austral or negative, and the boreal or posi-
tive, corresponding to the resinous and vitreous fluids of statical
electricity, which are contained in non-magnetized bodies, so as
to exactly neutralize each other. By induction of the earth, or
of another magnet, this compound is broken up and its con-
stituents permanently separated accumulate at either extremity,
Diamagnetic bodies are, according to this hypothesis, those in
which this decomposition is not effected by induction, con-
tact, &c.

DIA-MAGNETISM.

518. We havealready remarked that substances such as glass,
which allow magnetic attraction and repulsion to take place
through them, are called dia-magnetic bodies to distinguish them
from magnetic bodies. When suspended freely between the
poles of a powerful horse-shoe magnet, or between the unlike
poles of two bar magnets, both magnetic and dia-magnetic
bodies are affected, but with this difference, the former arrange
themselves in what is termed the axial line, i. e., longitudinally
or from pole to pole, the latter arrange themselves in the equa-
torial line or at right angles to the axial line. It follows that
magnetic bodies are such as are attracted by both poles of a
magnet, dia-magnetic bodies such as are repelled by both poles.

517. In Art.508 a list of magnetic bodies is given. All other
bodies whatever are dia-magnetic, and among those that exhibit
the property in the most striking manner are the following :—

1 Bismuth, 8 Waiter,
2 Phosphorus, 9 Silver,
3 Antimony, 10 Copper,
4 Glass, 11 Gold,

5 Zinc, 12 Alcohol,
6 Tin, 13 Ether,

7 Mercury, 14 Arsenic.

Norg.—Intheabove list of dia-magnetics, bismuth is the best and arsenie
the worst. .
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LECTURE XXXVII.

FORMATION OF ARTIFICIAL MAGNETS.
518. ArTIFicIAL MAGNETS may be produced by either of the
following processes :—
I. By keeping the iron or steel bar, for a time in a certain
position.
II. By hammering, filing, or drilling it.
ITI. By suddenly changing its temperature from hot to cold.
IV. By touch or friction with another magnet.
V. By induction.
VI. By electrical currents.

Nore.—Soft iron acquires magnetism with more facility than steel or
any other body, bus it parts with it equally readily. Bars of steel on the
other hand exert more coercitive force, but once they are saturated with
the magnetic fiuid they remain, under proper circumstances, permanently
magnetic. On this account all good magnets are made out of hard steel.

519. Magnetism by position is produced when a steel or iron
bar is kept for a length of time in the direction of the mag-
netic dip, or even in a vertical position, or in a position point-
ing north and south.

NoTE,~The vertical iron bars of windows, iron palisades, &c., are
commonly found to be magnetic.

520. If a rod of steel or iron, as for instance the kitchen poker,
be placed with one end on the ground, slightly inclining towards
the north, and, while in that position, smartly struck two or three
times with a hammer upon the upper end, it acquires polarity,
and the power of magnetic attraction and repulsion.

521, The modes of magnetizing a steel bar by contact may
all-be reduced to two which are technically known as the single
touch and double touch.

522. In magnetizing by single touch we place one pole of the
magnet in the centre of the steel bar and draw it, inclined at an
angle of about 45°, to the extremity. We then raise the mag-
net off the bar, carry it back to the middle, place it on the har

1
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and as before draw it to the end. This we repeat several times,
Next we place the other end of the magnet on the middle of the
bar and inclining it at about the same angle draw it to the other
extremity of the bar, and as before we repeat this process seve-
ral times. The bar thus becomes a magnet, each extremity hav-
ing the opposite polarity to that by which it was touched.

In place of using a single magnet, we may use two. We
then place the north pole of one, and the south pole of the
other together in the middle of the bar, and inclining them in
opposite directions, draw to the extremities, raising and returning
to the middle, we again draw to the ends and repeat geveral
times, being careful always to draw the same pole to the same
extremity.

523, To magnetize by the double touch, two bar magnets are tied
together 50 as to be parallel to one another with their opposite
poles only a short distance apart. The north and south poles
of the upper extremity are connected by a piece of soft iron and
those of the other separated by a piece of wood or brass, and the
combination thus arranged is placed upright in the middle of
the bar to be magnetized, so that the centre of the bar shall be
between the two free poles of the connected magnets. The
whole is now carefully drawn to one end of the bar but not over
it, and without turning the combination at all, it is drawn over
the bar to the remote extremity. It is thus carefully moved
backward and forward several times, and finally having been
drawn an equal number of times to each end of the bar, it is
drawn to the middle and slipped off side-ways.

NoTs.—A curved or a horse-shoe shaped bar may be saturated with
magnetism either by thesingle or the double touch as described above for
straight bars. In all cases after performing the operation on one side, the
bar should be turned over and the process repeated in the same manner.

524. If a soft iron bar be placed within the inductive influence
of a powerful magnet and while in that positionhardened by ham-
mering, twisting, or other means, it remains more or less satu-
rated with the magnetic fluid.

525. The most powerful means, however, of magnetizing a
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steel bar, is by placing it within the coils of an electro-mag-
netic spiral, as in Fig. 58, If
the helix is direct (see Art. 555),
the north pole of the magnet i3
next the zinc plate,but with aleft
handed helix the north pole is
next the copper plate. With a
spiral of sufficient magnitude,
any steel bar may at once be
magnetized to saturation, A
bar of the horse-shoe form may
be magnetized by winding cop-
per wire about it from end to
end and then connecting the
extremities of the wire with the
zine and copper plates of a voltaic battery.

NoTE.—When a steel bar is brought to the tempering heat and then
placed in an electro-magnetic helix connected with a voltaic battery, and,
after remaining within the spiral for a few moments, plunged into cold
water, or brine, or oil, or better still 2 cold solution of yellow prussiate of
potassa, it becomes permanently and very powerfully magnetic,

526. The circumstances affecting the value of magnets are
chiefly the following, viz :—
I. The mode of keeping ;
I1. The form and proportion of its parts; and
III. The nature and hardness of the steel composing it.

627. To preserve the power of a magnet (horse-shoe) itis essen-
tial that it should be suspended,having an armature or bar of soft
iron connecting its poles and attached to a weight nearly or
quite as great as the magnet can sustain. Thus kept, the mag-
net gains power, but if left unarmed its magnetism is rapidly
dissipated.

Bar magnets should be arranged in pairs parallel to one
another and with reversed poles, and having their extremities
connected by means of armatures or transverse bars of soft iron.

528. The dimension of a bar magnet should be in the propor-
tion of about 60, 3 and 4, i. e., its width should be three times its
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thickness, and its length about twenty times its width. Ina
horse-shoe magnet the distance between the poles should not be
greater than the width of one of the poles, the faces should be
smooth and even, and the whole surface highly polished.

NoTE 1.—If 2 magnet is loaded with the full weight it is able to support
and the weight is suddenly broken off, it will be found that the power of
the magnet is very much impaired. On the other hand the power of a
magnet may be very much increased by loading it with a small weight and
gradually increasing the load.

Norte 2.—The power of a compound magnet is less than the sum of the
powers of its separate bars. Assuming that each of the bars that compose
the compound magnet is magnetized to saturation and that each bar is then
able to sustain a weight represented by 82, then according to Coulomb:

The power of a single bar is equal $0....ccevveeeciecerees 82
“ two bars combined 125
« four “ ....150
¢ six “ ¢ ... 172
“ eight “ (SR, 182

NoTEe 3.—The power of a magnet is lost or destroyed by allowing it to
remain alength of time without its keeper, by allowing it to fall, or giving it
any sudden jar or check, by heating it much above the ordinary tempera-
ture, by suddenly wrenching the keeper or its load from it, &c.

LECTURE XXXVIII.

TERRESTRIAL MAGNETISM.
DEFINITIONS, VARIATIONS, DIP OF THE NEEDLE, &c.

.
DEFINITIONS.

529. A magnetic needle suspended so as to move in a horizon-
tal planeis called the horizontalneedle. The plane of the magnetic
meridian is a plane perpendicular to the horizon, and passing
through the north and south poles of the magnetic needle while
in its directive position. The direction of the magnetic meridian
is a straight line passing through the poles of the suspended
needle. The declination or variation of the magnet, is the angle
made between the magnetic meridian and the geographical meri-
dian of the place in which the magnetic needle is suspended.
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Nore.~The horizontal necdle is loaded at one extremity so as to over-
come, in a measure, its tendency to dip or incline towards the north or
south pole.

530. The horizontal needle does not point towards the north
pole except at isolated localities on .the earth’s surface. At all
other places it is directed to a point more or less east or west of
the true north, and at each place the amount of this declination
varies from time to time.

VARIATION.

531. Ateach place the declination undergoes periodic changes
depending on the hour of the day and called diurnal variations, by
which it increases from its minimum to its maximum value, and
returns to its minimum again in the course of 24 hours, thus
oscillating about a certain middle value called the mean declina-
tion of the day. At Toronto the hours at which the needle
occupies its extreme and mean positions are not exactly the same
throughout the year, but taking one month with another, it is
at its most easterly limit about 8 A.M., it passes through its
mean between 10 A.M. and 11 A.M,, reaches its westerly limit
about 1 P.M., returns again to its mean position about 10 P.M,
and attains its most easterly limit as before at 8 A.M.

6532. The amplitude of the diurnal variations or the angle be-
tween the greatest eastern and western positions of the needle in
the course of the day is about 10’ on the average of the year, but
it is not the same in all the months, being more than 12’ on the
average of the six months from April to.September inclusive,
and less than 7’ on the average of the rest of the year.

533. The declination proper to any hour, as well as the daily
mean declination, undergoes periodic changes depending on the
time of year and called annual variations, and it oscillates in the
twelve months about a certain middle value called the mean
declination of the year relative to each hour and to the mean of
all hours.

534. At Toronto the months in which the needle occupies.its
extreme positions are not the same for all hours, but taking one
hour with another it is in its most easterly position in January
and in its most westerly position in September.

!
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535. The amplitude of the annual variations on the average of
all hours is small, amounting to less than 3’. It is generally
greater for the hours of the day and less for those of the night
being about 6’ for 2 P.M., and less than 2’ for 1 A.M.

The mean annual declination is not the same in consecutive
years but undergoes changes from year to year called secular
variations. .

536. At Toronto the mean declination increased from 1° 29’ W.
in 1845 to 19 41’ W, in 1851, The westerly movement has been
subgequently more rapid, the mean value of the declination
being at present (1861) about 2° 20" W.

NoTE.—The amount of this secular variation and its gradual change
in direction may be seen by the following table of its amount in London

between the years 1580 and 1850, The plus sign indicates western declina-
tion and the minus sign, eastern,

Years,.......... 1580, 1622, 1660, 1692, 1730, 1765, 1818, 1850.
Declination, —11015' —6° 0 460 4130 4200 424011 422030
Rateper year, 7' 8 10 1n n 9 6' 5

It will be observed that the yearly increase or decrecase differs—being
greatest near the minimum of variation.

At Washington the variation was +4-06° in 1800 and had increased to
+-2'6° in 1860. At Burlington, Vermont, the variation was -+7:8°in 1790,
+4-8°30 in 1830, +9°7 in 1840 and 410°30 in 1860.

537. Asregards other parts of Canada while the periodic vari-
iations are in their general character approximately the same pro-
bably as at Toronto, the mean value about which the periodib
oscillation take place differ much in different parts of the Province.
Lines of equal declination, i. e. lines through places having the
same mean annual declination are inclined at an angle of about
30° to the west of north, this inclination being greater on the
lines that are situated more and more to the eastward. On
proceeding eastward the declination becomes more and more
westerly.

538. As before remarked there are certain places on the earth’s
surface where there is no variation, These places are connected
to one another by two lines called Agones or lines of no variation,
and distinguished as the eastern and western agones. The west-
ern agone commences in Hudson's Bay, lat. 60°, rung through
Lake Erie aboutits centre, thence in a southerly direction through
Virginia, the Great Antilles, touches Cape St. Roque, and cuts the
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meridian of Greenwich at lat. 65° S. The principal eastern
agone (for there are two) begins in the White Sea and descending
in a great semicircle southward and ecastward to the sea of
Japan, it then goes westward and southward through China,
and India, to Bombay, thence southward and eastward to the
northern coast of Australia, and thence directly southward along
the meridian 1309 E. of Greenwich.

Note.—These lines and the isogonal lines seem to indicate the existence of
two north and two south magnetic poles of the earth. Hansteen has con-
cluded, from & great number of observations made at long intervals and at
places widely separated, that these poles have a regular revolution around
the earth, the two northern ones from west to east in an oblique direction,
and the two southern ones from east to west—their periods of revolution
being as follows:—

The strongest north pole, 1740 years.
The strongest south pole, 4609 years,
The weakest north pole, 860 years.

The weakest south pole, 1304 years.

Hansteen has also pointed out a curious connection between these periods
and the precession of the equinoxes, The shortest time in which all the four
poles can accomplish a cycle and return to the same state as at present
coincides exactly with the period in which the precession of the equinoxes
amounts to a complete circle at the rate of 12 in 72 years,

539. The more recent hypothesis with regard to the magnet-
ism of the earth, assumes that the crust or surface and not the
interior of the earth is the seat of magnetic force. The surface
of the earth being magnetized, the two fluids are separated
and this separation, though not regular or equal in all latitudes,
is most complete at the poles and least so at the equator. It
supposes that this inequality in the degree of separation is due
to the difference of temperature, which regulates the coercitive
force of the materials of the earth’s crust. This view regards
the daily and annual variations of temperature and declination
as cause and effect and accounts for the very close relation
between the isoclinal lines, and the isothermal lines or lines of
equal temperature.

540. IsoqonaL Lings or lines of equal variation are lines join-

ing those places on the earth’s surface where the declination of
‘the magnetic needle is equal in amount and directiPn. The
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isogonal lines do not by any means coincide with either the
meridians or the parallels of latitude, but run in an irregular
manner—often crossing one another.

541. IrrREGULAR VarIATIONS in the magnetic needle are pro-
duced by magnetic storms which are simultaneously observed by
means of the needle in widely separated countries. They are
supposed to be produced by auroras and other natural electrical
phenomena. ’

MAGNETIC DIP.

542. If a bar of non-magnetized steel or iron be carefully
balanced by its centre it remains horizontal and takes any direc-
tion indifferently. Now if the bar be magnetized, it points
towards the north and is no longer horizontal but one end dips
or inclines towards the earth. ,

543. THE pip OoF THE NEEDLE, Or, a8 it is termed, its inclination,
is greatest near the poles and decreases towards the equator, but
the magnetic equator or line of no inclination does not exactly
coincide with the terrestrial equator. Of course in the northern
magnetic hemisphere the north pole dips, and in the southern, the
south pole.

544. IsocLINAL Lings or lines of equal inclination,are those that
join such places on the earth’s surface as exhibit the same degree
dip. Of these the most prominent is the magnetic equator which
in one place departs from the terrestrial equator as much as
20° N. and in another as much as 139 S. TIsoclinal lines very
nearly, if they do not exactly, coincide with the isothermal lines.

645. IsopyNauic LiNes or lines of equal power are lines joining
those localities in which the needle oscillates with equal energy.
They are very nearly coincident with the isoclinal lines.
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ELECTRO-MAGNETISM.

LECTURE XXXIX.

ELECTRO-MAGNETS, GALVANOMETERS, ELECTRO-
DYNAMIC HELLICES, ELECTRIC TELEGRAPH.

ELECTRO-MAGNETISM,

546. ELEcTRO-MAGNETISM is that branch of electrical science
which treats of the magnetism produced in dia-magnetic bodies
during the passage of a current of electricity through them.

547. When a magnetic needle, having freedom of motion
around its centre, is brought near a wire of copper or other con-
ducting medium' through which a current of electricity is flow-
ing, it is instantly deflected and places itself at right angles to
the conducting wire or conjunctive-wire as itis called. From
this it appears that the conjunctive wire becomes itself a mag-
net, or rather an' infinite number of small magnets arranged
transversely to the course of the wire, while the current is pass-
ing along it.

Note.—Iron filings adhere to the conjunctive wire while the current is
traversing it.

548, If a current of positive electricity is transmitted from
south to north through a conducting wire arranged horizontally
in the magnetic meridian then a free magnetic needle would have
its north end deflected to the west when it is placed below the
conjunctive wire, and to the east when it is placed above the wire;
the north end is depressed when the needle is placed on the west
gide and points upwurd when itis on the east side. If the cur-
rent is sent along the wire from north to-south all these move-
ments are reversed.

NoTg.—In order to impress on the memory the direction in which the
needie is thus deflected by the conjunctive wire, the following formula has
been devised by Ampeére :

Let any one identify himself with the current or suppose I imself to be
lying in the direction of the positive current so that it enters his feet and
passes out through his head, Then, his Sace being turned to the needle,
the north pole of the latter is always deflected to the right hand.
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&
GALVANOMETERS.

549. Tue GALVANOMETER is an instrument used for measuring
the intensity of the electric current. It was constructed by
Schweigger and depends in its action upon the deviation of a
magnetic needle across the line of the electric current.

The principle on which Fig. 59.
the galvanometer acts may
be understood by a refer- W 5
ence to the accompanying
fizure, in which the con- k -— »
junctive wire is bent in the T l
form of a rectangle within ¢
which the needle is sup-
ported on a pivot. The
currentcirculating through
the wire in the direction of the arrows, all parts of the wire tends to
inerease the deflection of the wire in the same direction ; and the amount
of that deflection depends upon the intensity of the current, being very
small for weak currents and approaching 90 for very strong ones.

550. In galvanometers employed in very delicate investiga-
tions two improvements are made on the form represented in
Fig. 59. The first consists in causing the conjunctive wire
instead of making only one convolution or turn, to bend several
hundred times on itself so that the current may act again and
again on the needle and render a very feeble force perceptible;
the second consists in using the so called astatic needle in place
of a simple needle.

551. THE AsTATIC NEEDLE is made by fixing two magnetic nee-
dles of equal power parallel to one another on the same axis with
their poles reversed. The effect of the arrangement is to neu-
tralize the directive power of the earth, which, in the case of
a simple needle, interferes with the indications of the galvano-
meter, since it acts in opposition to the deflecting power of the
current. In theastatic galvanometer one of the needles is placed
within the rectangle and the other above it so that they are
both moved in the same direction by the current which circu-
lates through the conjunctive wire.
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This arrangement will become
clear by a reference to Fig. 60,
which represents the form of the
agtatic galvanometer in common
use. The astatic needle is suspend-
ed, it will be observed, by a fine
thread so as to have perfect freedom
of motion.

552. When electric currents
flow in two parallel wires
which have freedom of motion,
the wires are attracted or re-
pelled according to the follow-
ing law ;—

Parallel currents repel one =
another when their directions are opposite, but attract one another
when they are both moving in the same direction.

553. A conjunctive wire may be made in all respects to simu-
late a magnet. We have seen that it possesses the power of
attraction and repulsion, and we have now to remark that it
possesses polarity and the power of induction.

554. If a conjunctive wire be coiled into Fig. 61.
a spiral form, and its ends carried back J—
through its axis as shown in Fig. 61, it con-
stitutes what is called an electro-dynamic
heliz. Now if this be suspended so ag to
move freely, horizontally, or vertically, it
acts precisely as a magnetized needle, i.e., it
points north and south, and exhibits the
magnetic dip. Of course it does this only

while the electric current is passing along it. 0‘6‘0‘6’0‘6 soriosy

555, It has been already stated that when a copper wire,
insulated by being covered with silk, is coiled into a helix and
a current of electricity sent through it, a bar of iron placed
within the helix becomes powerfully magnetized. This magnet-
ism is induced in the bar of iron or steel, by the circular and
parallel currents which pass along-the several volutes of the

-
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helix, and is temporary in the case of soft iron but permanent in
the case of steel.

If the conjunctive wire which constitutes the helix is coiled to the right,
as in 2 common cork screw, it forms what is called a right-handed helix, and
if in the reverse direction, a leff-handed heliz. Iu aright-handed helix,
the north pole of the bar is that towards the zinc plate of thebattery, in
a left-handed helix that towards the copper plate.

Faraday has given the following rule to enable the student to understand
the polarity of the helix. “ Imagine that you are looking down upon the
dipping needle or the north magnetic pole of the earth,and think upon
the direction in which the hands of a watch move, or of the motion of a
direct screw, then currents in that direction would produce such a mag-
net as the dipping needle.”

556. Electro-magnets are masses of soft iron wound with
coils of closely-packed insulated copper wire, the size and length
of which varies according to the power required in the electro-
magnet. They have been constructed capable of raising several
tons, and from their enormous power and the complete and in-
stantaneons paralysis and reversal of that power by reversing
the poles of the battery, it has by many been thought possibleto
apply them economically to the working of machinery.

Note.—From a series of experimeunts made by Hunt, with respect to the
applicability of electro-magnetism as a motive power, it appears that:

A grain of coals burnt beneath the boiler of a Cornish engine, lifted
143'1bs. 1 foot high.
A grain of zinc consumed in a battéry to move an electro-magnetic
engine, lifted but ...........cceeevvveenes [N 80 1bs. 1 foot high,
A cWE Of COBL COSE ..vvvievimiectrireseniernnresienneiniecisiere s eerssesessona 9d,
A cwt. of zinc cost, ..216d.

.................................................... orasiennans

Hence to do an equal amount of work, the electro-magnetic engiue is
more expensive than the steam engine in the proportion of 50 to 1,

ELECTRIC TELEGRAPH.

557. Of all the practical applications of electro-magnetism by
far the most important, is the electric telegraph. All the varie-
ties of electro-telegraphic communication may be reduced to one
or other of two methods, viz: the electro-mechanical and the
electro-chemical,
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558. Elcctro-mechanical telegraphic apparatus includes : —

I. Tae NEepLE TELEGRAPH, as that of Wheatstone and Cooke,
in which the message is indicated by the deflections of
a needle by a galvanometer coil.

II. Tae D1AL TELEGRAPH, of which that of Ronald’s is the type.
This was worked, by baving the letters of the alphabet
painted on the circumference of a disk or dial which
revolved by clock work. One of these was at each
station and before it a delicate electrometer was placed,
the apparatus‘ being worked by statical electricity.
Upon the explosion of some gas, by a preconcerted
arrangement, the clocks were started at the same letter,
and each time the transmitting operator closed the cir-
cuit, the electrometer at the distant station became
instantly disturbed, the receiving operator noted the
letter then visible and thus the message was spelled
off.

NoTE.—The chief objection to needle and dial telegraphs is that two
operators are required and that they do not record more than ten or twelve
words per minute.

II1. Enecyro-MaaNETIC OR RECORDING TELEGRAPHS such as that
of Morse in which the message is recorded in cipher, and
that of House in which the message is printed in com-
mon characters. The essential parts of these telegraphs
are a battery at the transmitting station, to generate
power, an insulated wire to convey it to the receiving
station, and a recording instrument at the latter to
register the‘indications of that power.

The recording instrument of Morse is represented in Fig. 62.

M, m are the poles of 2 horse-shoe magnet, wound round with wire; at @
is a keeper fastened to a lever, a J, which works on 2 fulcrum, at d; the
other end of the lever bears a steel point, 8, which serves as 2 pen. Atcisa
clock-work arrangement for the purpose of drawing a narrow strip of paper,
p p, in the direction of the arrows. W W are the wires which communi-
cate with the distant station. As soon as a voltaic current is made to pass
through these wires, the soft iron bec;mes magnetic and draws the keeper



a, to its poles ; and the other end of the lever, J, rising up, the point s is
pressed against the moving paper and makes a mark. When the lever
first moves it sets the clock machinery in motion, and the bell, b, rings to
give notice to the observer. The movements of the lever a I are the
exact repetitions of those made by the transmitting operator on the lever
of a finger board at the remote end of the circuit. When the distant
operator stops the current, the magnetism of m m ceases,and the keeper a
the magnet for a short or a longer time 2 dot or a line is made upon the
paper—and all the letters of the alphabet are represented by a combination
of these dots and lines. Only one wire is employed, the circuiﬁ being com-
pleted by the earth.

NoTE.—The following is the alphabet used by Morse.

A-— 0- - le——-
Be—e--- Pe-ww- 2 ——-
C-- - Q--~- . [ J
D—~-- R--- 4o mm e
E - §--- 5 — — —
F-—- T — G-
G — — - U--~ | RS,
H-~--- Veoee— 8 — - m =
I-- Wee—— [ R,
J— - X ow—-- 0 ————
Ke—-— Y-- --

L — Z--- -

M- - &= =-~-
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559. Ereorro-CuEmioar Tsurerarns depend upon the produc-
tion of visible and permanent marks or characters by electro-
chemical decompositions. In the best form a paper ribbon
saturated in ferrocyanide of potassium or other salt of iron is
carried by a clock-work movement, similar to that of Morse, over
a cylinder of metal which constitutes one pole of the circuit.
The other pole terminates in a steel or copper pen which is in
contact with the paper. The least passage of electricity pro-
duces a stain, on the moistened pgper, which is red if the pen is
copper; and blue if the pen is steel.

—

MAGNETO-ELECTRICITY.

LECTURE XL.

MAGNETO-ELECTRICITY, THERMO-ELECTRICITY,
ANIMAL ELECTRICITY.

MAGNETO-ELECTRICITY.

560. When a current of electricity is transmitted through the
wire of a helix it induces magnetism in a bar of iron or steel
placed within it. Now the converse of this is equally true, when
a permanent magnet is alternately thrust into and removed
from a helix it induces currents of electricity in the wire
composing the ‘latter, as is eagily evidenced by connec-~
tion with a galvanometer. The pecaliarity of these currents
ig their momentary duration and ‘hence their name momentary
currents, or from their discoverer Faradian-currents.

561. Tae MaeNETO-ELECTRIC MACHINE, Fig. 63, is an instrument
by means of which magueto-electricity, induced in the manner
alluded to, may be obtained in sufficient intensity and quantity to
decompose acidulated water, give powerful physiological shocks,
and exhibitthe electric spark and othereffects of ordinary electric-
ity. Itconsistsoftwo horse-shoe magnets C, D, placed one over
the other with an armature on which a double inducing coil is
wound. This is made to revolve between the poles of the mag-
nets by means of the multiplying wheel W. The two ends of
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the copper wire Fig. 63.
forming the coils "(;’//ﬂﬁf}li-
are soldered to a « NS
ferrule or break-
piece on each side
of the axis and a-
gainst this two me-
tallic springs préss
having also a me-
tallic connection
with the two cups
a;b. As the arma-
ture revolves, the
iron centre-pieces
are brought between the poles of the horse-shoe magnets and are
rendered magnetic by induction and this polarity is alternately
made, annihilated, reversed, and so on. At each change of
polarity a current of electricity is induced in the wire and
flows through it to the cups in a continuous stream if the wheel
revolves with sufficient rapidity.

The physiological effects are experienced and the spark seen
only when the current is interrupted. In order to break the
current an elastic steel spring connected with one of the cups
a or b presses against the pins of a little crown wheel attached
to the axis. When the spring presses on the pin the circuit is
closed and the current i3 unbroken, but while it passes from one
pin to another the current is broken and a secondary current of
still greater power induced.

562. The production of induced currents is not exclusively
confined to magnetic agency. A current of voltaic electricity
from any source whatever, while flowing through a coil of insu-
lated wire, induces a secondary current in a contiguous coil.
The most powerful of all artificial means of producing electricity
of high tension (the induction coil) depends in its action upon
the secondary current induced in a very long insulated wire
(60000 or 70000 feet) by which means voltaic electricity is con-
verted, as it were, into statical electricity.
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THERMO-ELEOTRICITY.

563. If a bar of bismuth and one of antimony be soldered to-
gether as in Fig. 64, and a weak current of electricity transmitted
through the arrangement from the antimony to the bismuth the
temperature of the junction ¢ will be raised considerably ; but if
the ourrent be sent from the bismuth to the antimony the tem-

perature of the junction ¢ is so much lowered that ; smell quan-
ig. 64.

tity of water placed there may be frozen.
Now if, in place of transmitting a current
of electricity through the combination, we
change the temperature of the part where
the bars are soldered together, we shall by
that means produce a current of electricity
which flows from theantimony to the bismuth
if we cool the junction, but from the bismuth
to the antimony if we heat it. These currents are termed thermo-
electric currents.

NoTE 1.—Thermo-electric currents are exceedingly weak, probably
owing to their originating in good conductors, The thinnest film of oxide
is sufficient to prevent the passage of the current into a wire.

NoTE 2.—Melloni's thermo-multiplier consists of a number of bars of
bismuth and antimony soldered together at their alternate ends, and hav-
ing the opposite members connected, by means of wires, to a galvanometer,
The least difference of temperature between the opposite faces of- the
arrangement produces a thermo-electric current which deflects the needle
of the galvonometer.

Norg 3.—~Although bismuth and antimony are the metals employed in
thermo-electric batteries, other metals and even non-metallic bodies may
be substituted. In the following list the combination of the metals at the
two extremes produces the most powerful thermo-electrical arrangement
—the effects of the intermediate metals diminishing as they approach,

1. Galena. 5. Manganese, 9. Gold. 13. Iron,

2. Bismuth. 6. Tin. 10. Copper. 14, Arsenic,
8. Mercury. 7. Lead, 11, Silver, 15. Antimony.
4, Platinum, 8. Brass. 12, Zinc.

ANIMAL ELECTRICITY.

.

564. ‘It has been shown by Matteucci of Pisa that electricity
is in some mysterious manner intimately connected with yital
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-

power. He has demonstrated that a current of positive electri-
city is always flowing from the interior to the exterior of a
muscle. By using delicate galvonometers, Du Bois Raymond of
Viennas has proved the existence of electric currents in his own
person.

NoTE.—The irritable muscles of the frog’s leg form an electroscope
about 60,000 times more sensitive than the most delicate gold-leaf electro-
scope,

585. Certain marine and fresh-water fish (about eight genera)
possess a special apparatus by means of which they can produce
at pleasure powerful discharges of statical electricity. This
power is doubtless designed either as a means of defence or for
the purpose of securing their prey. The special apparatus con-
sigts of an alternate arrangement of cellular tissue and nervous
matter, the latter being contained in hexagonal cells and the
whole constituting a perpetually charged electric battery, which
is discharged and a violent shock produced by touching the
opposite extremities of the animal. The most remarkable of
these electrical animals are:

I. The Gymnotus or Electric Eel of Surinam ; and
II. The Torpedo or Cramp-Fish of the North American coast.

NoTE.—~The shock received from an electric eel is sufficient to disable a
man or even a horse. Faraday has estimated the discharge to be equal to
that from a fully charged Leyden battery of 16 jars containing a coated
surface of 3500 square inches. The same philosopher succeeded in deflect-
ing the galvanometer, evolving lizht and heat, magnetising steel bars and
effecting chemical decompositions by the electricity obtained from the
gymnotus,

MISCELLANEOUS PROBLEMS.

1. How many degrees Reaumur are equivalent to 14-6° F. ?
How many F. are equivalent to — 6:8° C.?

2. What time is required for light to come from the moon to
the earth, the distance being 240000 miles ?

3. How many images will be seen in a kaleidoscope when the
two mirrors forming it are placed at an angle of 180 9
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4, Two similar balls are charged with electricity and it is
found that one repels the needle of Coulomb’s torsion electrometer
through 30°, while the other repels it through 70°. Compare
the intensity of the charges.

5. A coneave mirror collects the rays of solar light to a focus
8 inches in front of it. What will be the distance of the image
cast by an object 12 feet before the mirror?

6. The north star is estimated to be 281295000000000 miles
from the earth—suppose that by the fiat of Omnipotence it were
destroyed, what length of time would elapse after its annihilation
before we should lose sight of it—in other words how long
would the last rays that leave it occupy in reaching our earth ?

7. If 10 1bs. of lead at the temperature 490° F. melt 13 lbs.
of ice; what is the specific heat of the lead ?

8. A railroad is constructed in winter when the average tem-
perature ig 30° F.—how far apart must the ends of the iron rails
be laid in order to sufficient room for expansion at the tempera-
ture of 1109 F. assuming each rail to be 20 feet long ?

9. The speculum of a Gregorian telescope is 30 inches in
diameter, taking the diameter of the pupil of the eye as { of an
inch, compare the relative amounts of light received by each.

10. An incipientred heatis equal to 977° F., a cherry-red heat
1832° ., and a dazzling white heat 9732° F.—Express these
temperatures in degrees Reaumur and degrees Centigrade.

11. What temperature will be produced by mixing togethe
equal weights of water at 212° F. and mercury at 32° F.i
What temperature, by mixing equal volumes of mercury at 212°F.
and of water at 32° F?

12. Calculate the illuminating powers of Herschel's grea
telescope and also of Rosse’s telescope—assuming in each cas
that £ of the incident light is reflected by the speculum.

13. Allowing gases to decrease in volume gy of their bulk
at 320 F. for every degree their temperature is lowered—a
what temperature would all gases cease to exist and hence wha
may we regard as the absolute zero?
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14, To what height above the centre of the roof should a
single lightning-rod extend in order to protect the whole build-
ing—taking its dimensions as 40 feet by 30 feet ?

15. How many units of heat are absorbed by 11 1bs. of tin in
passing from the solid to the liquid form—the unit of heat being
the amount of heat required to raise 1 1b. of water from 32° F.
to 33° F.7

16. The radius of a concave reflector is 9 inches, the focus of
incident rays 24 inches—what is the focus for reflected rays?

17. An object 7 inches in diameter ig placed 40 inches before
a convex mirror whose radius of curvature is 60 inches~—~the
upper edge of the object being in the principal axis of the
mirror determine the position, distance and size of the image.

18. The temperature of a common fire is equal to 616:1° C.,
of human-blood 363° C. and the estimated temperature of plan-
etary space is—50° C, Express these temperatures in degrees
F. and R.

19. The greatest degree of cold ever measured is- according
to Faraday—88° R. and according to Natterer—112° R, Reduce
these temperatures to degrees F. and C.

20. How must an object be placed before a double equi-con-
vex lens so that the image shall be double the size of the object,
and erect ?

21. Equal weights of water at 32° F, and ice at 32° F, are
mixed together. What is the resulting temperature? What is
the temperature produced by placing together equal parts of
boiling water and melting mercury ?

22, What is the focal length, for solar rays, of a meniscus
whose radii are 19 and 21 inches?

23. What is the focal length of a double convex lens whose

radii of curvature are 11 and 7 inches, for rays of light ema-
nating from a point 30 inches before the lens?

24. In order to determine the melting point of lead 100 ounces
of the melted metal were poured into 900 ounces of water at
27°R. and the resulting temperature was 20-7° C. Required the
heat of fusion of lead in degrees F,



MISCELLANEOUS PROBLEMS. 221

25. What are the linear and superficial magnifying powers of
8 convex lens whose focal length is § of an inch—taking the
limit of distinct vision as 6 inches? What taking the limit of
distinct vision as 8 inches or 4 inches?

26. How long would electricity, light, and sound respectively
require to travel from the sun to the earth ?

27. Compare together the retarding powers of two copper
wires for a current of electricity—one being 100 feet in length
an thg of an inch in diameter, the other 250 feet in length and
3% of an inch in diameter.

28. In a magic lantern the object has a diameter of 2 inches
and is placed 2 inches behind the magnifying lens, the screen
being 10 feet before the same lens. What is the diameter of the
image ?

29. The eye-piece of a microscope has a focal length of % of
an inch—the object being placed 3 of an inch from the objective
and the distance between the latter and the focus of the eye-glass
being 12 inches—what are the linear and superficial magnifying
powers of the instrument to a person whose limit of distinct
vision i3 44 inches? What to a person whose limit of distinct
vision is 9 inches ?

30. How much latent heat is there in the vapour of water at
the temperature of 350° F? How much at the temperature of
96° F.? How much at 200°C.?

31. The mean annual temperature of-Canada is about 44° F,
at what depths beneath the surface of the earth would the ther-
mometer severally indicate a temperature of 70° F.; of 100°F. ;
of 212° F; of 400° F.?

32. Two lights are compared with one another in Ritchie’s
Photometer, and it is found that in order to equally illuminate
the different sides of the wedge one has to be placed at the dis-
tance of 6 inches and the other at the distance of 10 inches.
‘What are their comparative illuminating powers?

83. Compare together the brightness of the picture cast by a
magic lantern on a screen at the several distances of 4 feet, 7
feet, and 12 feet from the magnifying lens?



222 MISCELLANEOUS PROBLEMS.

34. In a refracting telescope the focal lenéth of the object
glass is 100 feet, the focal length of the eye-piece is 10 inches,
the object glass has a diameter of 4 inches and the total number
of lenses employed is four—assuming the pupil of the eye to be
1% of an inch in diameter—what are the magnifying power, the
illuminating power, the penetrating power, and the visual power
of the instrument ?

35. What are the illuminating and penetrating powers of a
night-glass having a convex lens 12 inches in diameter—the
pupil of the eye being 4 of an inch in diameter?

36. A Pouillet’s pyrometer holds 20 cubic inches of air at 32°
F., and it was placed in a furnace by which means % of the air
is expelled. Express in degrees F., C. and R. the temperature
to which it was exposed.

3%7. In a refracting telescope the object glass is 11 inches in
diameter and has a focal length of 200 feet, the eye glass has a
focal length of 4 inches, the whole number of lenses through
which the light has to pass, before entering the eye, is five. Re-
quired the penetrating, illuminating, visual and magnifying
powers of the instrument.

38. A mass of platinum, weighing 5 lbs., is exposed to the
full heat of a furnace, aud then plunged into 13 lbs. of water of
the temperature of 65° F., when it is observed that the tempe-
rature of the water is raised to 65° R. Required the tempera-
ture of the furnace in degrees F. and C.

39. How many units of heat are absorbed by 17 lbs. of sul-
phur in passing from the solid to the liquid state? (See Pro-
blem 15.)

40. A dealer purchases 1000 gallons of alcohol in mid-winter,
how much may he expect it to measure in mid-summer, the
temperature of the former being 40° F. and of the latter 80° F.?

THE END OF PART II.



LOVELL’S SERIES OF SCHOOL BOOKS.

THE undersigned having long felt that it would be highly
desirable to have a Series of Educational Works prepared
and written in Canada and adapted for the purpose of Ca-
nadian Education, begs to call attention to the Books with
which he has already commenced this Series. These works
have met with a very general welcome throughout the
Province ; and the Publisher feels confident that the eulo-
giums bestowed upon them are fully merited, as considera-
ble talent and care have been enlisted in their preparation.
LoveLy's GeNeraL GroerapHY will, it is hoped, form a
very valuable addition to this Series. While it has the ad-
vantage of being prepared in Canada, and fully represents
its geographical features, at the same time it embraces a
sketch of every other country; and thus, while it contains
all the information embraced in other works of the same
kind relating to older countries, the different British Colo-
nieg, in those works but indifferently pourtrayed, are here
delineated with due regard to their extent and position and
to the importance of the acquisition of a correct knowledge
of those Colonies, not only to the children educated in them
but to every student of Geography. The Maps illustrating
this work have been prepared with the greatest care by
draughtsmen in Canada, and will be found to have been
brought down to the latest dates.
JOHN LOVELL, Publisher.
Canapa DirecTorY OFFICE,
Montreal, October, 1861.
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Opinions of the Press on the National Arithmetie.

This isone of Lovell’s series of School Books, a series which we hope
some to see introduced into all our Canadian Schools. It has been

repared expressly for these schoolsby the Mathematical Master ofthe
%pper Canada Normal School. From the brief examination we have
been enabled to give it, we are inclined to think it will give a more
thorough knowledge of the science of numbers than any other Arith.
metic we remember, and we hope Canadian teachers will give it a
trial.—Montreal Gazette.

It is the production of one of our most useful and energetic teach-
ers, and it shows a thorough knowledge of the subject and adapta-
tion to the wants of the country. Mr. Sa,n§ster, by this volume; has
supplied 2 wanti long felt; and it augurs well for the future teachers
of our children that the author of such a work as this is Mathematical
Master in our National Normal School.—O¢tawa Citizen.

‘We think it is admirably adapted for, and should be speedily intro-
duced into, all our Canadian Schools.—Carleton Place Herald.

This Arithmetic is not only infinitely better adapted to the wants of
this conntr{ than any other in use, but_the simplicity of its rules, the
practical illustrations of the theory and practice of arithmetic in the
many original problems, give it a stamp of nationality highly credit-
able to the autxl’lor. It 1s divested of all the useless, lumbering mat-
erial to be found to a ter or less extent in those heretofore in
use in this country. The problems possess an eminently practical
character—and by that very adaptation to our wants, they are the
move interesting. The learner, instead of covering his slate with
figures, with a vague and confused notion as to what they all mean,
works a problem in this arithmetic feeling at once that heis doinga
useful and interessl:in%l work, and watches the result with a degree of
interest that must help to make his schoolboy days cheerful and
pleasant,—Markham Economist, .

‘We hail with much satisfaction the appearance of this work, rend-
ered absolutely necessary by the recent introduction of the Decimal
Currency into Canada. For a lonﬁ time the want of a Canadian T'rea-
tise on Arithmetic, combining the above mentioned system with
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the application of the modern scientific methods of analysis and
formule, to the elucidation of the various rules, was felt. Dr.
Ryerson, conscious that sucha work was needed, requested the Author,
to adapt the Arithmetic published by the Irish Board of Education
to the‘i)ecimal Currency of Canada, and to abbreviate some of the
tedious reasons for the rules there given. Mr. Sangster in complying
with the request of the Chief Superintendent of Education, tran-
scribed ten or fifteen pages from the commencement of the original
work, but finding so many “ altcrations and improvements” necessary,
‘ abandoned ” the design and determined to write 2 new Treatise on
the subject. The admirable volume which now lies before us is the
result of that determination.—From what fame says of Mr. Sangster’s
capabilities as an excellent Teacher, and an_accomplished Mathemati-
cian, the volume before us has not exceeded our expectations, though
it surpasses every Treatise on the subject which has yet cone into our
hands in three essential requisites, namely : Methodical arrangement
of matter; conciseness yet comprehensiveness in the demonstration
of the various rules; and the immense practical utility which it pos-
sesses by the number of examination questions given at the end of
each section to test the knowledge of the student as he progresses.
These advantages must inevitably cause it to supersede in a very
short time those spurious Treatises on the subject at present in exist-
ence throughout the Province: for this reason we are glad the work is
entitled the “ NATIONAL ARITEMETIC.”"—Brant County Herald.

Mr. Sangster’s book is the best going—has no competitor—can-
not be matched—positively overflowing with matter, We highly re-
commend it, It combines beautiful printing, stout binding, with all
that is wanted to make 2 young person have a complete storehouse of
mathematical knowledge at his fingers ends. No book we have yet
seen, on this indispensable branch of knowledge, can compare with it,
~—Cayuga Sentinel,
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