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PREFACE. 

-
The design of the Author in preparing the following 

pages was to furnish the student with a brief yet com pre

"hcnsive resume 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 statements; 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 maEter 

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 coIIllIlonly met 
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with in onr 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. 

TORONTO, October, 1861. 
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CHEMICAL PHYSICS. 

HEAT. 

LECTURE 1. 

DEFINITIOKS, THEORIES, SOURCES, CONDUCTION, 
CONVECTION. 

DEFINITIONS. 

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

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

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

When we touch a body not containing heat of as great iutensity 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 amonnt of heat, 
heat and cold are simply relfJ.tive terms, being analagous to the terms 
positive and negative in electricity. 

4. It is customary with some writers to apply the term heat 
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 followiog pages we shall use the terms indiS'crimi-
ontely. _ ... 

B 



G NATURE OF HEAT. 

6. 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, as 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 
fluid; 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 
produca heat. It further assumes that this vibratory or oscil
latory motion 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 :'Y.aves or undulations pro
pagated through the ether which/is aupposed to fill all space 
not actually filled with material atoms. 

NOTE.-Manyof 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 a 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. 



SOUROES. 

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. 

7 

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, &c. 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. So also when water is 
thrown upon 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 S~ inchcs in dia

meter, the borer making 32 revolutions per minute nnder a pressure of 
10,000 lbs., snlficient heat was generated to boil IS! lbs. of water in 2l; 
honrs. 

As other examples of the development of heat by friction. we may mention 
the fact that the un greased 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 body; for, as a general rule, 
whenever a body is decreased in size, heat is evolved. 

According to the corpnscular theory, this is easily accounted for. Thus 
all bodies are more or less porcius~,and the insensible heat they contain is 
condensed in their intersticesi 'I. Now when a body is compressed, its porcs 
are diminished in capacity, ana; no longer capable of containing so much 
heat, a portion is pressed out and becoIDe'i sensible; just as when we take 
a wet sponge in the hand and compress it, a part of the contained water 
is expelled. 

This fact is well explained by the action of the coining-press. Thus 
Bertholet placed a piece of copper in a press and found that the evolution 
of heat was greatest at the first stroke, and diminished at. each succeeding 
one; the temperature being elevl-ted at each stroke as follows: 
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1st stroke. '" ................................. 17.3° Fabl'. 
2nd stroke......... ............ ............... 7.5° .. 
3rd stroke .............. ...................... 1.9° " 

We bave additional examples of the production of heat by compressiotl 
in the fact that a blacksmith can render a piece of soft iron red bot by 
rapidly bammering it; and a 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 
tbe velocity of light througb a vacuum, and tbrou~h 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. 

N oTE.-Tbe term conduction is objectionable, as it implies tha.t the 
pa.rticles of a body are in contact, which we know to be imtlOssible. Hence 
Conduction is properly called Inter8titiallladiation, or radiation frotn 
particle to particle across tbe 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 non
cond"ctor are merely relative terms. In point of fact, all substances COil

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 ................ 1000 Tin ........•. _ .•...•. 304 

Silver ................ 913 Lead ................ 180 

Copper .•.•.... ...... 898 Marble ......••....... 24 

Iron .....•.•......... 3'14 Porcelain ............ 14 

Zinc ........•.•...•.• 363 Clay ••••...•••.•.•.•• 11 

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

This may be clearly illustrated by holding a test-tube nearly 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 using light porous fabrics such as wool
ens, silk, cotton, fur, &c. for clothing, is referable to the fact 
that these hold entangled in their meshes 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 eitkr.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 heatjlying off and carrying with 
them a certain amount of caloric, which they distribute among 
the cooler overlying portions. 

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,pl~ 
or a stove, the grate or the stove must be placed at or 
near the floor. 

Fig.!. 
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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 oue 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 a 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 equa! polished radiate heat with equal rapidity. 
3rd. The radiating power of a metal is increased 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 burfaces 
ra.dia.tes heat much more rapidly. 

5th. The ra.dia.ting power of a surface is not affected by its color; hence 
no particular color is better adapted than another for winter 
clothing. 

N OTE.-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 one with a tight cov
ering of linen, filled them both with boiling water. He then 
fuund that the water in tbe uncovered cylinder cooled 100 F. 
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in 55 minutes, while that in the other cooled lOll F. in 361 min~ 
utes j 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. 

Lampblack ........................... 100 Plumbago.............................. 75 
Water (by estimate) ............. 100 Tarnished lead. ..................... 45 
Writing paper ............. ..... ..... .98 Polished lead ........................ 19 
Sealing-wax........................... 95 Polished iron......................... 111 
Crown glass............ ............... 1)0 Other metals polished... ......... 12 

It hence appears that lampblack radiates five times as much heat as 
polished lead, nearly seven times 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, &0. 

24. When radiant heat falls on a surface, anyone of three 
things may occur: 

1st. It may be reflected j 
2nd. It may be absorbed j 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 ho~ ball of iron (0), ~~ 
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placed in the focus of a concave parabolic reflector (A), the 
diverging rays that fall upon the reflector become parallel in 

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 rellectors, 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. 

26. There is an intimate connection between the radiating 
powers of different surfaces and their capabilities for reflecting 
or absorbing 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 feebIy,-as, for instance, the bright metals,-are excelled 
reflectors. 

A polished metallic rellector remains perfectly cold although it collects 
ala.rge amount of heat in its focus, while a glass rellector absorbs so much 
of the heat as to become itself hot. 

27. The rellecting powers of dill'erent surfaces have been determined 
by Bull' to be as follows :-Of 100 rays incident at an angle of6Q from the 
perpendicular, there were r«ilected-
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TABLE OF REFLECTING POWERS. 

"By polished gold ............................................................... 76 

silver or brass ................................................ 62 

" brass, not polished ....................................................... 52 

" polished brass, varnished ............ _ ................................ 41 

" looking.glass ............................................................... 20 

" glass.plate blackened on back ....................................... 12 

" metal.plate blackened. .... ............................................ 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 ma~s, the darker the color the more rapid the 
absorption j 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 transmits light, are termed dia
thennanous or trancalescent. 

30. The heat of the sun passes through any transparent body 
without loss j 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 1800 F., ioth of all 
the rays emitted passed through a screen of glass; when the tem
perature of the radiant body was 3600 F., l~th was transmitted j 
and when the temperature was 9600 F., ith 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 eCjllal thickness j and of these 451 rays-



EXCHANGES OF HEAT. 15 

381 were intercepted by the first plate. 
43 " "second plate. 
18 " "third plate. 
9 " "fourth plate. 

32. All transparent bodies are not equally transcalescent,
and indeed some good diathermanous bodies are opaque, 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. 

Rock-salt. . . . . . . . • •• •. . . . • . . . . . . . . .. 92 rays. 

Glass, rock crystal, and Iceland spar ... 5'1 " 

Emerald. • . • . . • . . . . . . . . . . . . • . . . . . . .. 29 " 

Fluor spar and citric acid .......•..••• 15 " 

Rochelle salt and alum ............... 12 " 
Sulphate of copper ••.•••••••••••.•••• a " 

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. 

NOTE.-Lenses and prisms otrock-salt are as invaluable in experiments 
upon the transmission of heat, as those of glass are in researches into the 
nature of light. 

THEORY OF EXCHANGES OF HEAT. 

34. 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 matt~r holl' different their tem-
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peratures may be. This hypothesis is known as the theory oj 
exchanges oj heat, and may be thus enunciated: 

.B.ll bodies, no matter what their temperature, are radiating 
heat at all times, and the rate oj radiation depends upon the tem
perature; increasing as the temperature rises, and decreasing as 

itjalls. 
Thus if a red-hot cannon-ball and a mass of ice be pla.c;ed 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 t.hat each body then gives as much heat 
as it receives. 

LECTURE III. 

EXP ANSION 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 dlmensions 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 tho balance-wheel of the watch becomes, the more slowly does 
it perform its oscillations; while if the pendulum be shortened or tbe 
balance-wheel lessened in diameter, the more rapidly does it move. But the 
pendulum and the balance-wheel are constantly varying ill 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 and 
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 Iron become 1004 
1000 " of Water " 1045 
1000 " of Atmospheric Air " 1365 

N OTE.-Since the attraction of cohesion aets most po werfully in solids 
and least powerfully in gases, and cohesion and caloric are antagonistic 
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. 

l,i:XPANSION OF GASES. 

37. FIRST LAW.-All permanently elastic gases, as atmospheric 
air, expand equally for the same increment of temperature, and 
the amount of this expansion is equal to .1;T of their volume at 
320 Fahr·for every additional degree of Fahrenheit's thermometer. 

NOTE.-The fraction :r-n is called the coefficient of expausion of gases. 
Thus 491 volumes of a gas at 32" Fahr. become 

492 at 33° " 
4-93 at 34° .. 
GOO at 410 " 

490 at 310 " 

459 at 0° " &c. 

38. SECOND LAw.-The same. gas expands with uniformity as 
its temperature rises. 

Thus 10 degrees of heat produce the same amcunt 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 tnbe of glass open at one end ~nd 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 j 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 j 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 
column of colored wa~r, either way, are measured by 
the attached graduated scale. 
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NOTE.-It is necessary to eut 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 
couuterbaiance 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. 'fhis 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 
by Sir John Leslie) consists of a tube bent 
twice at right angles and terminating in a 
bulb at each end. 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. 

Fig. 4. 

1. If both bulbs be subjected to the same 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 .-.Il11liquids do not expand equally for tlte same 
increment of temperature. 



EXPANSION OF LIQUIDS. 19 

Thus, when heated from the freezing-point to the boiling-point 
of water, 

Alcohol expands ~, or, in other words, 9 measures beconie 10 
Fixed oils" -h, " 12 " 13 
Water " -.d:rr " 22:1 " 231 
Mercury "m " 55~ " 56! 

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, a.lcohol will measure 5 per cent. aml oil nearly 4 per cent. 
more than in the depth of wiuter. 

42. SEOOND LAW.-Liquids are progressively more expansible at 
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 

" 
" 

o· to 180· 
180· to 360· 
360· to 540· 

1 volume in 55! 
1 " in 54:1 
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.-Mercury boils at 6r,~o Fahr., and freezes at 400 below zero; 
Alcohol bolls at 1700 Fahr., but no dp,gree of cold has yet frozen absolute 
alcohol. It follows that a lfercury Thermometer will act up to about 6000 

and down to 350 F., and an Alcohol Tbermometer will act up to 1500 Fahr. 
and down to -1500 or -2000, with tolerable regularity. 

45. Mercury is better adapted, (or a thermometer, than any 
other liquid from the following considerations:-

1st. It can always be obtained in a atate 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 meroury is purified by subliming it, and afterwards boili g 

It to deprive it of air. 
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46. The :lIercurial Thermometer consists of a capi11aty 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 
size. The bulb and part of the tube:are filled with mercury. The 
is air expelled from the rest of the tube by expanding the mer
cury in the buib until it rises to the top of the tube, and at that 
moment directing the fiame 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, to indicate 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. 

NOTE.-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 scales are different, being as fol
lows ;-

In Fahrenheit's scale the melting point of ice = 320 j boiling 
point of water = 212°. 

In the Centigrade scale the melting point of ice = 0° j boiling 
point of water = 100°. 

In Reaumur's scale the melting point of ice = O· j boiling 
point of water = SO·. 
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That is, in Fahrenheit's scale 00 or zero is placed 320 below the 
melting-point of ice, and the space between the melting point of 
ice and the boiling-point of water is divided into 180 equal 
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 ill the latter into 80 equal parts. 

REDUCTION FROM ONE SCALE TO ANOTHER. 

I. To reduce Centigrade degrees to degrees of Fahr. 

RULE. Multiply by 9, divide the result by 5 and add 32. 
EXAlIIPLE.-1000 C.=212° F. Thus 100 X 9=900+5=lS0+32=212. 
Reason. 100° C.= lS00 F.or 5° C.=9° F .... 1° C.= t-°F.,a.ndsinceOOC. 

corresponds to 82° F. we a.dd 320 • 

II. To reduce degrees of Fahrenheit to Centigrade degrees. 

RULE. Subtract 32, multiply the remainder by 5 and divide the 
product by 9. 

EXAlIIPLE.-212° F.=1000 C. Thus 212-82=lS0 X 5=900+9=100. 
Reason. Similar to that in 1. 

III. To convert degrees of Reaumur into degrees of Fahr. 

RULE. Multiply by 9, divide the product by 4 and add 32. 

EXAlIIPLE.-800 R = 2120 F. Thus 80 X 9 = 720 + '" = 180 + 32 = 212. 
Reason. 80° R.=1800 F .. '. 4° R= 9° F.or 1~ R= to F., and we add 

320 because 0° R corresponds to 32· F. 

IV. To convert degrees of Fahr. into degrees of Reaumur. 

RULE. Subtract 32, multiply the remainder by 4 and divide the 
result by 9. 

EXAMPLE.-212° F.= 80· R. Thus 212- 32 = 180 X 4='120+9=80. 
Reason. ,Analogous to that in Ill. 

V. To reduce degrees of Centigrade to degrees of Reaumur. 

RULE. Multiply by 4, and divide the product by 5. 

EXAlIIPLE.-10oo C. = SOO R. Thus 100 X 4 = 400 + 5 = SO. 
Reason. 100° C. = SOO R., or 5° C. = 4° R. .'. 1° C. = r R. 

VI. To reduce degrees of Reaumur to degrees of Cen~igrade. 

RULE. Multiply by 5, and divide the product by 4. 

EXAMPLE.-SOo R. = 100° C. Thus SO X 5 = 400 + 4 == 100. 
Reason. 80° R. = 1000 C., IF 4° R. = 5° C. .'. 10 R. = ~o C. 

a 



~2 EXPANSION OF LIQUIDS. 

EXERCISB. 

1. 2190 F. - 103.8° O. - 83.1° R. 

2. 117° F. - 4t/.~ O. - 37.~R. 

3. • 260 F. - -3.3°C • - -2.6" R. 

4. 9°F. - _10.2°R. - -12.~C. 

5. -4°F. - -16" R. - _20° O. 

6. -23° F. - -24.4° R. -30.5°0. 

7.73° C. = 163.40 F. - 58.4° R. 

8.49.6° C. 121.~ F. - 39.6° R. 

9. 93.2° C. 199.7° F. - 74.5° R. 

10. 217° C. - 173.6° R. - 422.6° F. 

11. -t43° C. -34.4° R. -45.4°F. 

12. - ~O.9° C. - -32.7° R. - -41.6°F. 

13. 19.7° R. - 76.3° F. - 24.6° C. 

H. -23.4° R. -20.6° F. - -29.ZO C. 

13. 367.3° R. 693.3° F. - 367.8° C. 

16. -16.9° R. - -21.1° C. -fP F. 

17. 27.4° R. - 3UoC. - 93.6" F. 

18. 232° R. - 111.1° C. 2320 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 a glus and 
theu 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 as another. This arises from the fact that we do 
not know the true zero powts 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. N ow 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
ceeda its minimum bulk." 

• When the given number of degrees F. is below 320, find the number of 
degree~ below 32 and multiply that number by t to reduce to Centigrade, 
and by .~ to reduce to Reaumur. 

t When the given number of degrees C. or R. is -, i. c. below zero, mul
tiply by ~ or ~ and subtract 32 to reduce to F. 
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N OTE.-When we say that the temperature of one body is 120· and that 

of anothor body 60·, it may, at irst 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. 

LEe T U R E IV. 

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

EXPANSION OF SOLIDS. 

50. FIRST LAW.-All 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 EXPANSION. 

Zinc expands 1 part in 323 Pure Gold expands 1 part in 682 

Lead 1/ 1 1/ 1/ 351 Iron wire " 1"" 812 

Tin " 
Silver " 
Copper II 

Brass " 

1 

1 

1 

" " 516 Palladium " 1"" 1000 

" " 524 Glass " 
" " 581 Platinum " 

" 1/ 584 Black Marble " 

1 "" 1142 

1 "" 1167 

1 "" 2833 

NOTll.-The increment in bulk is about three times as great as the linear 
increment. Thus the linear increment of Lead is rtT, the solid increment 
is aRT onh j that is,lead increases in bulk 1 part in 117 when heated from 
320 F. to 2120 F. 

51. SmcoND LAw.-The same solid is progressively more expan
sible at high than at low temperatures. 

NOTB.-Platinum is the most uniform in its expansion. 
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52. A compouud 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 applieq to 
the bar, the metals both expand, 
but the copper much more than 
the platinum j and the result is that 
the bar becomes curved, so that the fI"Ef .... .. : • , :: H 
platinum is on the inside of the 
curve. When the bar is subjected to great cold, the reverse 
takes place j for then the copper contracts more than the platinum, 
and the latter occupies the outside of the curve. 

N OTE.-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 beau- Fig. 6. 
tifully applied to the construction of a 
thermometer from solid materials qy 
Breguet. This consists of a thin rihbon 
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 is 
subjected to an increasing temperature, the unequal expansion 
of the two metals causes the helix to coil more closely. Similarly, 
when it is subjected to a decreasing temperature, the unequal 
contraction of the slips causes the helix to uncoil j and in either 
case the movement is measured by the number of degrees through 
which the index passes. 

N OTE.-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. Pyromcters, 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 sphere fitted with an escape-tube. When this instru
ment is subjected to an increase of temperature, a part of the 
contained air is expelled j 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. • 
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Thus, suppose that the platinum weighs 1 lb. aml that it is plung~d in 
1 lb. of water at the temperature of 60°, and suppose the temperature of 
the water to rise to 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 beat that raises a given weight of water through 1 de
gree would raise an equal weight of platinum through 31 degrees. Then 
50° x 31 = 1550° = temperature of the furnace. 

Again if the 1 lb. of platinum raise the temperature of 3 lbs. of water 
40°, then 40° X 3 = 120° = degrees through which the 1 lb. of platinum 
would have raised 1 lb. of water, And 120° X 31 = 3720° ==- 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. 

NOTE.-Whcn cla.y 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" " "lead. 
1 " " " tin. 

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

NOTB.-Tho 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 ana.I.ogous to the sudden expansion 
of water in freezing. Rose's fusible metal is a chemical compound of such 
a 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 390 or 40 0 , at which point 
it has attained its maximum density. When cooled below this 
point, instead of contracting, it expands. This fact was very beau-

In cooling 
above 400. 

Fig. 7. 

In cooling 
below 40°. 

tifully illustrated by the experiment of Dr. Hope, who carried 
into a very cold room a jar containing water of the temperature 
of 500 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 400 • 

In other words, as the surface-water cooled, it became specifi
cally heavier and suqk. When the lower thermometer had 
attained the temperature of 400, 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 still4Fontinued to fall; or, in oth~r won]s 
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the water became specifically lighter as it became cooled 
below 400 F., and therefore continued at the surface. 

N OTE.-The point of maximum density of jl'ater has been ascertained to 
be accurately 39.2° F. 

63 The fact that water has a 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 
solid 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 quicksilver, 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 30 times the capaeity, 
weight for weight. 

65. 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 weig~t of any 
other body through the same numbe1· of degrees of temperature is 
termed its SPECIFIC HEAT. 
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66. The following table by Regnault gives the specific heat 
of various bodies, that of water being 1000 : 

TABLE OF SPECIFIC HEATS. 

Water ......••.•....•• 1000 Tin ....•....••...•...• 
Sulphur. . . . .• . . . • • . . .• 203 Iodine •....•.......... 
Glass .•.•.•..•......•• 198 Antimony ..•..•.•..... 
Iron. . • . . • . • . • • • . . . . .. 114 Mercury .............. . 
Nickel. • . . . • . • . . . . . . .• 109 Gold .•.•..........•.. 
Zinc ..••.•...•......•• 
Copper ••...•...•..... 
Silver .•••..•.•........ 

95 Platinum.............. 32 
95 Lead................. 31 
5'1 Bismuth............... 31 

NOTE.-From this table it appears that the cap:wityof 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, 01' bismuth. 

67. 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 mixture. 

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 ginn time. 

Thus if iron, silver, platinum, and water be exposed to the same source 
of heat, it will be found that the temperature of tho 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 8! 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, &c. It consists essentially in placing several 
bodies heated to the samt 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, ,~i;Eii£i~~~r 
consists of three tin vessels, one within 
the other. The space hetween the ves 
sels is filled with crushed ieP. The body 
whose specific heat is to be determined 
is introduced iuto the inner vessel, <', 

and tho amount of heat it contains is 
determined by the amount of the ice in 
the vessel b that it melts. The water 
obtained from the mel ting ice in b passes 
through the tube e and is collected and 
carefully measured. The object ofbaving 
icc in the outcr vessel, a, is to prevent 
the external air from melting any of the Fig.S. 
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 Ibs. of the body introduced into the Calorimeter, 
t = its temperature in degrees of Fahrenheit. 
w' = the weight in Ibs. 01' the ice melted, 

8 = the specific heat of the body nnder experiment; , 
Then t ~ 32 = the Ibs. of iCIl dissolved by the heat that would raise the 

, temperature of the body in the Calorimeter 1°. 

w X ~ _ 32) = the Ibs. of ice dissolved by the heat that would 
raise the temperature of lIb. of the given body 1°. 

Then since the latent heat or caloric of fluidity of water is 142°, we have 
'10' X 142 X 1000 

8= • 
to X (t-32) 

INTERPRETATlON.-Multiply the 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 I.-If 5lbs. of charcoal of the temperature of 732' P. ,lissolyo 
6.75 Ibs. of ice, what is the specific heat of the charcoal P 

_ w' X 142 X 1000 1\.75 X 142 X 1000 6.75 X 142 X 1000 .A 
s - w X (t - 32) 5 X (752 - 32) 5 X 720 =266.25 ns. 

EXAMPLE 2.-1f3Ibs. of platinum at the temperature of 932"F. dissolve 
'6 ora lb. ofice, what is the specific heat of the platinum P 

8 = W X 142 X 1000 '6 X 142 X 1000 = '6 X 142 X 1000 = 31'5 .Ans. 
w X (t-32) 3 X (932-32) 3 X 900 

EXERCISB. 
3. If 4 Ibs. of water at the temperature of 2450 F. dissolve 6 lbs. of ice, 

what is the specific heat of the water? .Ans.1000. 
4. If 11lbs. of mercury at the temperature of 572" dissolve 1.4 lbs of ice, 

what is the specific heat of the mercury P .Ans. 33'4. 
5. If 6 Ibs. of sulphur at the temperature of 3320 F. melt 2.57 lbs. of ice, 

what is the specific heat of the sulphur P .Ans. 202'7. 
6. If .5 of a lb. of arsenic at the temperature of 3820 F. melts .0998 of a lb. 

of ice, what is the specific heat of the arsenic? .Ans. 80'9. 

72. The method by mixture consists in placing in a given 
quantity of water of known temperature, a known weight of 
any body of an ascertained higher temperature, a.nd, when the 
two bodies have attained an equilibrinm, comparing the loss of 
temperature of the given body with the gain of temperature of 

the other. 
Thus if lib. of water at 1000 F. be mixed with lib. at 500 F., the result-

1000 + 500 

ing temperature will be the mean between 1000 and 50°, i.e. --2--=75°; 

but if a pound of mt'rcury at 100° be mixed with a pound of water at 
500, the resulting temperature will not be 7f,o, but only about 51.SO, that is, 
the 48.4° lost by the mcrcury only raises the temperature of an equal 
weight of water through I.SO, or, in other words, mercury has only ioth 
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 lOOO,-we pro

ceed as follows: 
Let w = the weight in Ibs. of the body whOBG specific heat is to be de

termined. = its temperature in degrees F. 
w' = the weight in Ibs. of the water. 

- t' = its temperature. 
T = the common temperature after an equilibrium has been 

attained. 
Then T - t! = gain of temperature of the w' Ibs. of water. 

t - T= the \OS8 of the temperature of the w Ibs. of the other 
body. • 

s = specific heat of the body. 
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1.'hen the heat gained by the water will be its specific lteat X w' 
X (T - t'), and the heat lost by the other body will be its specific heat 
X w X (t - T) ; or. since the specific heat of water is represented by 1000 
and that of the other body by s and since the heat gained by the water is 
just that lost by the other body, we have-

s X w X (t - T) = 1000 X w' X (T- t'), and thcrefore 

s _ w' X (T- t') X 1000, 
- w X (t-T) 

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

NOTE.-If equal weights of water and of the other body are nsed, the 
rule becomes-

s=(T-t') X 1000 
(t-T) , 

EXAMPLE I.-If lib. of copper at 300° F. be plunged into lIb. of water 
at 50° and the resulting temperature bc 7"2:'. what is the specific heat of the 
copper? 

Here, since the weights are equal, we have 
(T-t') X 1000 (72-50) X 1000 

s= -e~ = -:roo~ = 
22 X 1000 

228 
96.4 Ana. 

EXAMPLE 2.-If 3lbs. of platinum at 714° F. be plunged into 7.21bs. of 
water at 65° and the resulting t~mperature be 73.5°, what is the specific 
heat of the platinum? 

Here 8 = W' X (T-f) X 1000 = 7.2 X (73.5 - 65) X 1000 
w X (t - T) 3 X (714 - 73.5) 

=7.~X8.5X 1000=318 A 
3 X 640.5 .. ns. 

EXERCISE. 

3. If 1 lb. of zinc at the temperature of 490° F. be plunged in lIb. of 
water at the temperature of 5So and the resulting temperature is 
95.4°, what· is the specific heat of the zinc? Ans.94.6. 

4. If 5lbs. of silver at the temperature of 809° F. be plunged into 9.5 Ibs. 
of water at the temperature of 62°, the resulting temperature is 83.8° ; 
what is the capacity of the silver for heat P Ans.57.7. 

5. If 51bs. of cobalt at the temperature of 481° F. be plunged into 2.141bs. 
of water at the temperature of 64,0, the resulting temperature be 
147.4,0; what is the capacity of the cobalt for heat P Ana. 107. 

6. If 15 Ibs. of iron at the temperature of 116~ F. be plunged into 191bs. of 
water at the temperature of 65°, the resulting temperature is 1560. 
what is the specific heat of the iron P, Ana. 11i. 
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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 j 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 series of numbers having a remarkably close relation to one 
another. 

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

TABLE OF SPECIFIC HEAT OF ELEMENTARY ATOMS. 

Iron .................................... 3.093 Tin .................................... 3.312 
Lead .................................... 8.258 Platinum ............................ 3.205 
Nickel ................................. 3.218 Mercury ............................ 3.719 
Zinc .................................... 8.087 Silver ................................. 6.174 
Copper ................................. 3.017 Gold .................................. 6.462 
Sulphur ............................... 3.266 Antimony ........................... 6.561 

N OTE.-From this table, it appears;that the elemelltary atoms of the first 
nine bodies given have equal capacities for heat aud those of the last three 
double as much capacity. We may safely conclude that there exists somo 
intimate, though as yet imperfectly understood relation between the 
thermal and the chemical nature of bodies. The same connection has been 
found to erist 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. It is on account 
of its low capacity that mercury is sensitive j i. e., it both warms 
and cools rapidly, and hence it promptly follows every change 
of temperature. 

NOTE.-The thermometeJ.measures only the intensity of heat, while the 
calorimeter measures the quantity,-or rather the:quantity above 320 F.,the 
melting-point of ice. 
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77. 'l'he 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 its 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. 

N OTB.-"''ben 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 i volume. its temperature is 
rai~ed 40° or 50° F.; and when suddenly condensed into t of a volume. it& 
tcmperaturtJ is raised sufficiently to ignite tinder. 
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LECTURE VI. 

CHANGR 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. ; 

1st. Under the same amount of pressure the melting-point 
is 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 ofa 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° Oil of AniBe ...... 50° 
!Silver ......... 18730 Olive Oil ...... 36° 
Zinc 773° Ice ...... 32° 
Lead 594" Milk ...... 300 

Bismuth 4116° Wines ...... 20° 
Tin 442° Oil of Turpentine .. .. .... 140 

Sulphur 332° Mercury ... -390 

Wax 1420 Liquid Ammonia. .. ... -460 

Phosphorus .. 1080 Ether ... -470 

N OTB.-If the bodies a.re in the fluid form they freeze uJlon reaching the 
temperature Bet opposite thelll. 
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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 degre~s 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 to raise 
the temperature of a solid the least degree above its melting
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. 

N OTE.-In freezing, the particlesar range themselves at certain angles, 
and hence aMsas the sudden expansion which water undergoes in becoming 
solid,-an expansion equal to t 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 COIl

tain. Thus, incorporate with the water any coloring matter, or dissolve in it 
ally salt, or evell the most acrid poison, or mix with it the strongest acid 
or allY spirituous liquid, and freeze the compouud, 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 bo fouud concentrated in the centre of the mass of ice. 

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 to of its weight of salt, freezes at 28°F., while water 
containing i its weight congeals at 4 0 F. 

82. If 1 lb. of water at 32 0 be mixed with 1 lb. of water at 
1740

, the result will be 2 Ibs. of water at a temperature the 
mean between 32 0 and 174 0 i. e., at 103 0

• But if 1 lb. of ice 
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at 32 0 be mixed with 1 lb. of water at 1740 , the result will be 
2 lbs. of water at 32 0 ; in other words, the lIb. of ice, in passing 
Into the liquid form, absorbs and conceals 142°ofheat. 

83. The heat that is thus absorbed by a body in passing into 
the liquid state, is discoverable neither b! the senses nor by the 
most delicate thermometer, and is hence called Late1lt 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 
00 , contained in a closed vessel, is placed in a furnace the heat 
of which is kept so regulated that the ice shall uniformly absorb 
10 per minute. For 32 minutes the temperature of the ice will 
regularly rise, and at the end of that time will be at 320. The 
ice then begins to melt, and, although it still continues to 
absorb 10 of heat per minute, its temperature remains stationary 
at 32 0 , until, at the end of 142 minutes, all the ice is converted 
into water, the temperature of which is 32 0 F. From this point 
the temperature again regularly rises at the rate of 10 per 
minute, and this uniform increase goes on for 180 minutes, when 
the thermometer indicates a temperature of 212 0 , and the water 
begins to boil, passing into the form of vapour. Now again the 
temperature ceases to rise, and for 912 minutes remains fixed at 
212 0 . After the lapse of 972 minutes all the water is converted 
into steam at 212 0 , and the temperature of this steam rises 
uniformly 10 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 Caloric 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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TA.BLE 011 CA.LORIC OF FLUIDITY. 

I Watpr .................................. 142° Zinc ................................. .wao 
• Sulphur ............................... 1450 Tin .................................. 500° 

I 
Lead .................................... 162° Bismuth ........................... 550° 
Bees Wax ............................ 175° 

I~==================~==================I 
FREEZING MIXTURES. 

87. All freezing mixtures depend essentially upon the fao~ 
that solid bodies can assume the liquid form only by the ab
sorption of heat, and hence when this heat is not direotly a.pplied 
it is abstracted from the surrounding bodies. 

Thus. when a salt is dissolved in water it lowers the temperature (If the 
water. Nitre. for instance. thus reduces the temperature of the water in 

. which it is dissolved 15 ° or 18 0 • while a mixture of 5 parts sailiommoniao 
and 5 parts of nitre finely powdered and dissolved in 19 parts of water, 
may reduce the temperature from 500 F. to 100 F .• or considerably below 
the freezing point. 

88. The following table contains a list of the ingredients used 
in common freezing mixtures, Rlld also indicates the degree of 
cold produced. 

No. 

TABLE OF FREEZING MIXTURES WITHOUT ICE. 

Mixture. 
Degree of 

Parts. Thermometer sinks. cold 
produced. 

- -----------_._---- ----
I W~;~ ~~.~.~~~~~~.:.:::::::::::: f} from +50° to HO ~o 

Muriate of Ammonia. ............ 5} 

2 W!~~;~ ~~.~~t~~.:::::::::::::::::: Ig from +50° to-!-100 

a Sulphate of Soda .................. . 
Diluted Nitric Acid .............. . ~} from +500 to-30 

- ------ -------------------
Sulphate of Soda. ... ....... ........ 6} . 

4 )iuriate of Ammonia. ............ 4; from+500 to-100 600 
Nitrate of Potash ................ .. 
Diluted Nitric Acid .............. . 

Sulphate of Soda. ......... ......... 6} 
5 Nitrate of Ammonia. ............ 54 frOlr.+50 0 to-140 

Diluted Nitric Acid .............. . 
- -----------------1----11 

6 Sulphate of Soda ................. .. 
Hydrochloric Acid ............... . 

Phosphate of Soda ............... . 
7 Nitrate of Ammonia .............. . 

Diluted Nitric Acid .............. . 

g} from+500toOO 

:} fromO o to-3~0 
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TABLE OF FREEZING MIXTURES WITH ICE. 

No. Mixture. Parts. Thermometer sinks. 0~e~~r3. 
----------.--------1 Snow or Pounded Ice ............ 2J ---,---:=;;- -----
Common Salt ... ... .... ........ .... 1 <> 

2 Common Salt ........................ 2 r;; to -120 

:'<al Ammoniac. ... ......... ... ...... 1 "" 

- Snow or Pounded Ice ... = 5} ~) 
-----------8 - _____ _ 

S Common Sa.!-t ........................ 10 ,,( to -180 • 
Snow or Pounded Ice. ........... 2401 ~ 
Sal Ammolllac . ... ...... ..... ..•.... 5 '" 
Nitrate of Potash .................. 5 ~ ) 

--1----------·---- 8 --------
Snow or Pounded Ice ...... ... ... 12} e 

4 Common Salt ........................ 5 "" to -25 0 • 
Nitrate of Ammonia............... 5 

- ---------------------1----
5 Snow..... .............................. :} 

Diluted Nitric Acid ............... .. from +32 0 to -30 0 62 0 

- --------------1-------

7 Snow .................................... ~J from+32 0 to-51° 
Potash. ................................. .. 

8 Snow ................................... . 
Diluted Nitric Acid .............. . ~J from 00 to -46 0 

9 Snow ...... ; ............ :................ 1J from 00 to -66 0 66 0 
Crys. Munate of Llme............ 2 _______________ ----·-----1--.-

10 Snow........... .... ...... ............... 108 ~ from -66 0 to -91 0 2~ 0 
Diluted Sulphuric Acid ......... J 

89. When a body passes from a liquid to a solid state, it gi ves 
up its latent heat. Thus, when water assumes the solid form it 
sets free the 142 0 of heat it had absorbed in liquefying. 

This fact can be very clearly shown by placing in a stoppled Fig. 9. 
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; bq,t q,pon removing the 
stopper, solidification at once takes place, aud the temperature I, 

rises, as is indicated by the thermometer,-indeed, if the bottle 1t11----"'1111 
be grasped by the hand, it is sensibly wa.rmer than before the 
orysta.llizatiOl1 ommenced. 
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So also it a portion of water containing a thermometer btl care1'ully cooled 
below 32 0 , say to 10 0 or 15 0 below the ordinary freezing point, upon 
throwing a. small fragment of ice or any other substance in the water a 
portion is instantly changed into the solid form, aud the temperature of the 
ice formed and the unfrozen water rises at once to 82 0 by the absorption 
of the heat disengaged by the- part cougealed. 

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 0 of heat have, in the former case, to be absorbed, and in 
the latter case disengaged, and this serves aa an ell'ectual check 
upon sudden transitions from summer to winter or from winter 
to summer. 

LEe T U REV I I. 

SECOND CHANGE OF FORM, VAPORIZATION-BOILING 
POINTS, CALORIC OF ELASTICITY-NATURE OF 
V APOURS-ELASTIC FORCE OF V APOURS-DEN
SITY OF WATER-VAPOUR-EFFECTS OF PRESSURE 
AND COLD ON V APOURS 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 
oll'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 it~ surface, &c., invariably 
begins to boil at the same thermometric point. _-
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2nd. When a liquid once begins to boil, its temperature 
ceases to rise until after it has wbolly 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. 

92. The boiling points of a number of bodies are given in the 
following: 

TABLB OF BOILING POINTS. 

Hydrochloric Ether....... 520 F. Nitric Acid .................... 248° F. 

Ether. ........................... 96° Oil of Turpentine ............ 814° 

Sulphide of Carbon ......... 1180 Phosphorus .................... 554° 

Ammonia. ...................... 140° Sulphuric Acid ............... 6200 

Alcohol. ......................... 1730 Whale Oil ...................... 6300 

Water ........................... 212° Mercury ......................... 6620 

93. We have seen (in Art. 84) that water absorbs 972 0 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. 

NOTB.-The caloric of elasticity of steam would be almost sumcient, 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 lIb. 
of water is sufficient to raise nearly 5i Ibs. of water from the 
melting point of ice to the boiling point of water. 

Thus since 1800 of heat are required to raise lib. of water from 320 to 
212°. the steam generated by lib. of water will raise 972 + 180 = 5~ Ibs. of 
water from sZO to 212°. 

NOTB.-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 cubic feet of space to be heated; and it is found that of the con· 
ducting st~m pipe one square foot of surfacp must be exposed for every 
200 cubic feet of space to be heated to the temperature of 75° F. 

96. From the circumstance that the temperature of bodies 
heated bY8team can never'be raised above 2120 F. and tbat 
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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 absorbed by different liquids in as
suming the form of vapour is exhibited in the following: 

T A.BLE OF (' ALORIC OF ELASTICITY. 

Water ............................ 9720 F. Ether ............................ 1620 F. 

Alcohol. ......................... 3850 Oil of Turpentine .......••• 1330 

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

Fig. 10. A glass tube, a, (Fig. 10,) halfan inch in diameter and 20 to 25 inches 
long, open at one end and closed at the other, is filled to within half an 

a. inch or so of the top, with mercury, and the remaining pace filled 
with ~t.her. The thumb is then firmly pressed upon the open end, 
the tube inverted and placed in the mercury coutained in a jar, b, 
having the same length as the tube aud 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 merc·ury 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 j 
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 les8 than 
ether. Hence, 

1. Decreasing the pressure upon the surface of a liquid facili
tates its evaporation; and in a vacuum vapour, form instantly, even 
at the lowest temperature. 

NOTB.-Hence. there are ma.ny liquids which WOUld, if the pressure of 
the air were removed, become permanently gaseous. 
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II. The elastic 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 a temperature of 80 0 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 
is equal to the pressure of the atmosphere, or, in other words, would 
Bustain a column of mercury 30 inches in height or is equal to 15 
lb,. to the square inch. 

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

.II. vapour is condensed into a liquid by decreasing its tempe
rtlture. 

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

I. .!l vapour is condensed into a liquid by subjecting it to pres
Bure; and 

II . .II. vapour is at its point of maximum density when its tempe
rature is the same as the boiling point of the liquid from which it 
is Jormed. 

98. The elastic force of~vapours increases very rapidly with 
their temperature,-ea.ch vapour appearing to follow a rate of 
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progression peculiar to itself. That of water-vapour is exhibited 
in the following: 

TABLE OF ELASTIC FORCE OF WATER·VAPOtTlt IN VACUO. 

Temperature. Elastic force. 

Water at -22"F. depresses the mercury In a barom. tube 0'0144 inch. 
-40 u "0'0331 ., 
14°" .. 0'0818 " 
32° . 0"1811 
110° 0'3608 
680 1"6847 
860 0'2421 

140° 5'8583 
185° 7'4808 
2~o 29'9220 

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 
!\ 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. DellBity. I Weight of 100 cub. in. 

212"F 1'000 14 '962 grains. 

1500 0'272 4'076 .. 
1000 0'0'14 1'113 .. 
60° 0'022 0'338 .. 
30° 0'016 

I 
O'2~7 .. 

32° 0'009 0'136 .. 
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 decrease of temperature or increase of 
pressnre 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, nit1'ogen, nitric 
oxide, carbonic oxide, coal gas, and atmospheric air. These re
fused to liquefy at the temperature of -1660 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· 

GILS. vapour in pera- Remarks. 
atmos- ture. 
pheres. 

----~-------- _._---:--::---:---
Sulphurous Acid .......... { 

0'726 OOF Becomes It colorless transpa. 
1'530 32° rent crystalline solid body 
3'000 6So at -105° F. 

Sulphuretted H~'drogen ~ 1'02 -1000 Becomes It white crystalline 
6'1 ,,0 translucent body, resem· 

14,6 52° bling camphor,at -122°. 

J n~ -111° Becomes a white non·crystal-
6'97 -56° line solid, resembling snow 

Carbonic Acid ............... 22'S4 0° or, more nearla, anhydrous 
29'09 15° phosphoric aci ,at a tempe-

l 38 '50 32° rature of about - HSo. 
Chlorine ...............•...... 4 60° Doesnothecome solid at-220°. 

Nitrous Oxide ............... 60 '5° Becomes a transparent crystal-
line colorless solid at --150°. 

Cyanogen ..................... ~ 1'25 Oq Becomes a transparent crys-
2'37 32° talline solid at -30°. 
6'90 63° 

Ammonia •.................... t 2·.s 0° Becomes a white translucent 
~'44 32° crystalline solid at -103°. 
6'9 60° 

~ 
I'S -100° Does not become solid at the 

Hydrochloric Acid ....... 15'0. 0° lowest a.ttainable tempera· 
26'20 32° tllre. 

Ole/lant Gas ................ f "S -105° 
26'9 . ()o 

Hydriodic Acid ............ 2'9 0° Becomes It clear solid, like 
ice, at _6()0. 

Fluo-silicic Acid .......... 9 -160° Becomes solid at the lowest 
attainll.ble temperature. 

Ar8enuretted Hydrogen J O'9~ -75° Does not become solid at 
5'21 00 -166°. 

lS'19 600 
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LECTURE VIII. 

EBULLITION-THEORY OF BOILING-MEANS BY WHIOH 
THE BOILING POINTS OF LIQUIDS MAYBE ELE
V ATED OR DEPRESSED. 

102. When some water is placed in a vessel over a fire, small 
bubbles of vapour form a.t the bottom, rise a. little way, collapse 
and disappear. As 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. Ebullition 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 have their elasticity diminished by loss of 
heat as 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 liquid 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 poiut 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 wa.ter. 
The vessel is fitted with a safety valve, and in it water may be 
heated with facility to 3500 or 4000 F. In fact it is said that 
water may be made red hot in a Papin's Digester and still retain 
its fluidity. The chief use 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 2120 are 
reduced to a jelly in the Digester. 
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105. Generally speaking, the greater the specific gravity of a. 

liquid the higher its bl)iling 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 ao salt) boils at 224°. 
.. " .. potuh (100 water to 7t potll6h) 238°. 

.. chloride of calcium 264°. 

N oTB.-This property ia of some prutic&l 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 j and 
2nd. By dissolving a salt in it so as to increase its specific 

gravity. 

It follows that once 0. 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. 

NOTB.-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 ca.se 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 gurface 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 0. 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 is made to boil at 32°F. 
The same fae', via. that decrease of pressure lowers the boiling 
point, is very beautiflllly Ihown by boiling some water in a Bask 
and while U is in a state of eballition. firmly corking the flask. 
Now if the water be allowed to 0001 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 Bask 
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 tbe syrup of 
sugar without scorching and browning it, depends upon the facility with 
which liquids are evaporated umler 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. 
iu 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 Iowa 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 ill inches of mercury. Water boils. 
27·74 ..................................................................... 2080 F. 
28·29 ..................................................................... 2090 
28·841..................... ... ........... .............. .................... 2100 

29·41 ..................................................................... 2110 

29·9ll ..................................................................... 2120 

30'6 ..................................................................... 2130 

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 
a thermometric scale. It is only when the barometer stands 
at 29'92 that the boiling point of water is 2120. 

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 
boils at 212°, 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 poin t, 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. 

Ill. If the hand or any other part of the body be exposed for a 
moment or two to the steam generated by water boiling under or
dinary circumstances, it is very severely scalded; but, whellsteam 
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: 

Ela.stic bodies escaping from a state of compression expand 
beyond their original dimensions. They then contract, after
wards expand, agaiu 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 
2500 or 3000 to 1200 or 1300

, and at this temperature is not 
sufficiently hot to scald the hand. 

112. If a portion of steam not accompanied 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 is present, 
more steam 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 
enormous. 
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118. The elastic force of steam at temperatures above 212 0 is de
termined by means of an arrangement illustrated by Fig.ll: a is a 
stout globular copper vessel placed on a stand over the flame of a 
spirit lamp; it contains mercury to the depth of about 2 inches 
and over that some water. b is a long 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. c Fig. 11. 
is a thermometer, the bulb of which is placed just 
inside the vessel a; and f is a. stop-cock. The 
water is boiled for some time with the stop-
cock,f, open so as to expel all the air, aud 
during this time the thermometer steadily in-
dicates a temperature of 212,0 and the mercury 
in the tube is at the level of that in the vessel 
a, thus showing that steam at 212 0 has an elas-
tic force equal to the pressure of the atmosphere. 
The stop-eock f is 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 rises in the tube, the confined steam is 
said to have a preilsure or elastic foroe of 
another atmosphere. Thus when the mercury in the tube is at 
the level of that in the vessel, the steam has an elastic force of one 
atmosphere. When the mercury in the tube is 30, 60, 90, 120, 
&0. inehes'RboTa the level of that in the globe, the steam is said 
to have aD. elastie force of 2, 3, 4, 5, &c. atmospheres. 

114. The elasticity of steam, at dift6rent temperatures, is ex
preued in atmospheres in the following :-
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TABLE OP BLASTIC PORCB OP STEAM. 

Elasticity in Temperature, II EI."city tn I-_~· Atmospheres. Atmospheres. 

------ ,------,------
ll12°F. I Il I S41'SoF. 

l~ 233 '9° I !I 350 'So I 

2 250 '5" 
II 

10 358 ·So 

2j :)68 'So /, 1:1 392'5° 
,I 

:l :!7~ ·2.) il ~O 418'5° :, 
25 4.~9 'So ai 285"1" 

293 '7° ao ~7'2° 

,H 300'8° 35 472'7° 

3117 '5° I' 
40 486 '6" ;; 

I! 1\ 320 '4° 
" 

45 499'1° 

7 331 '2° 

II 
50 510 '6" 

115. Equal volumes of different liquids yield very dm:erent 
volumes of vapour. 

Thus under ordinary circumstances: 

1 cubic inch of water 
1 " alcohol 

yields 1696 cubic inches of vapour. 

" 
" oil of turpentine " 

519 
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 3850, i. e., 
water-vapour has 2! times more latent heat than an equal 
weight of alcohol-vapour j but since the specific gravity of 
alcohol-vapour is 21 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 expenditure 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 a good vacuum at a temperature of 100° or 150°, 
but the steam produced is much more dilthsed and rare than 
that obtained at 212°, and hence (Art. 77) contains more insen
sible or latent heat. It has heen determined by experiment 
that equal weights of steam of all temperatures, when condensed 
hy 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° + 972° = 1184°. 

Then to find the latent heat of water-vapour at any other tem
perature, deduct the sensible heat from this constant number 
11840 , and the remainder will be the latent heat: 

Temperature. Latent heat of equal 
weights of steam. 

00 ....••.....•....••....•• 1184,0- 0° = ........................... 1184° 
320 ..•....•...•...........• 1184°- 32° = ........................... 1152" 

1000 ..........••............ 1184°-100° = ........................... ]084° 
1500 .••.•....••••.•.••.....• 1184°-150° = ........................... 1034') 
2120 ........................ 1184°-212° = ......... ; ................ 9i2° 
2500 .••..•••..••.•........•. 1184°-250° = . ..... ...... ............... 934° 
31100 ........................ 11840-3000 = .... ...................... ss·tO 
4000 ........................ 11840-4000 = ...... .... ...... .......... 78.j,° 

NOTE.-From this it is evident that no fuel is saveu by distilling in 
vacuo' for to convert a cubic inch of water into steam requires the same 
amou~t of heat, no matter wh&t the temperature at which the evaporation 
s effected. 

E 
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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 
causes 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 samf 
fact. The instrument is filled par· i 
tially with alcohol and partially with ~ ~ 
alcohol.vapour. When one bulb is 
grasped by the hand,the warmth im. Fig. 12. 
parted is sufficient to boll the small 
1I0rtion of the liquid that wets the inside, and as this evaporates and distils 
over into the other bulb a sensation of cold is lIroduced. 

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

121. Leslie's process for freezing water by its own evaporatioD 
depends on this principle. A little water in a cup is supported 
over a shallow vessel containing concentrated sulphuric acid and 
the whole placed on the plate of an air pump and covered with 
as small a recei\'er as possible. All that is required is to pro. 
duce a good vacuutn at first. If this be attained and the sulphuric 
acid is concentrated, the water-vapour is absorbed by the acid 
lis rapidly as it is formed, and the temperature of the water in 
the cup Boon sinks to the freezing point. 
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NOTE.-Various other bodies, as, for example, chloride of lime, dry 

parched oatmeal, dry 80le leather, &c., would ILnswer 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/rast-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 b-ut 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 bulh is condensed and thus a partial Q. 

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 somewhat 
rapid process of evaporation takes place in the up-
per bulb, and finally the temperature of the water 
contained therein sinks to the freezing point. 

123. Evaporation into a space filled with air or 
any other gas follows the same law as e\'aporation 
into vacuo j 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 
occupier! by air or a gas, is pl'ecisely the same as would have 
formed in a vacuum at the same temperature. 

If some watpr be allowed to pvaporate into a vacuum at 80° F. it will 
lower the n1Prcurial column 1 inch, or, in otlll'l'wol'ds, the tension of water 
yapourat 80°F. is .1; of the usual tension of the air. So. if some dry air at 
SOoF, be placed over wa·ter, the vapour which rises will illcrease the tension 
of that air :hi if the air be c<)lIflIlCd, or will increase its bulk :.'" if the air 
be allowed to expand. • 

124. EVaporation into air goes on at all tempemtures j even 
in the depth of winter, a large portion of vapour is formed 
direct from the B-now and ice that cover the face of the country. 
The rapidity and degree to which this spontaneous evaporation 
is carried on depends cbiefly on three circumstances; 
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1st. The previous dryness of the ail'. 
2nd. Its temperature. 
3rd. The rapidity of its movements. 

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

125. Humid hot air contains much more vapour than humid cold 
air j 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. 

llany familiar phenomena depend upon the partial condensation of the 
vapour present in the air. 'I'hus when a decanter or other vessel of cold 
water is brought into a heated apartment it becomes rapidly covered 
with moisture. The cold decantpr lowers the temperature of the stratum 
of air immediately surrounding it, and this, no longer able to retain all its 
moisture, deposits a porHon 011 the cold glass. Hence also the deposition 
of moisture upon window panes in bed room~ 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. U. It consists essentiallyofa human hair freed from 
grease by immersion in sulphuric ether. This prepared 
hair is fixed uy one end to a. hook in the lower part of 
the fram!>, is then passed (lver a pulley carrying the 
index, c, 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. 

Fig,14. 
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128. Auother mode of determining the amouut of 
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 proluces cold, hence the wet-bulb tnermo-
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-
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Fig. 15. 

mometer indicates a temperature much lower than UoiJ'-€!iII4Il.J 

the other j 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 Fig. 16. 
bulbs, as represented in Fig. 16, and 
containing nothing but ether and ether
vapour. The bulb a is covered with 
muslin, and the bulb b contains a 
d\llicate ther.mometer. The instrument 
8,cts upon the principle of the Cryo
phorus. When an observation is to be 
made, the muslin about a 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 parts with.a portion of 
its moisture and deposits it as dew 
upon the cooled glass, 
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LECTURE XI. 
SPHEROIDAL STATE OF MATTER. 

130. If into a red-hot oruoihle 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 peouliar rota
tory motion over the bottom of the capsule, evaporates very 
slowly and without ebullition j 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 0 0r 80 0 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. 

N OTE.-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, "eing a very imperfect conductor of hest, 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. 

NOTE 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 it the 
iron be sufflci<'lItly 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 poiIits. 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 t11(' spheroid",l sta,tr. 
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Water ............................................. . 

Alcohol .......................................... .. 

Ether ............................................. . 

Hydrochlorio Ether ........................ .. 

liIulphurous Acid .............................. . 

212"F. 

1780 

96° 

52° 

2880 F. 

2780 

142" 

59 

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 tempe1'uture of a liquid in a spheroidal state is inva1'iably 
some degrees below its boiling point. 

132. The spheroidal state of matter was lhst examined by Lei
denfrost in the year 1756, and has since been extensively inves
tigated by 1tf. Boutigny. According to the definition of the 
latter, 

oR body is said to be in the spheroidal state, wht'll its temperature 
remains Wlchanged while resting on a surface with which it has no 
actual contact, and the temperature of which surface may be mised 
indefinitely. 

N OTE.-When a drop of liquid is in the spheroida.l state 011 a flat surface. 
that there is no contact is proved by the fact that the light of a lamp is 
visible between the spheroid and the metal plate. Concentrated nitric 
acid does not. while ill 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 aud no chemical 
a.ction ensues; the two bodies. forming thelllll6lves 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, Fa.raday has succeeded in freezing water, a!ld 
even mercury, in a red-hot capsule. 
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Thus it into a capsule heated to rl'dness, or better still to whiteness, some 
liquid sulphurous acid be thrown, it passes into the spheroidal condition. 
and reaching only the temperature of 18° 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 6tate 
contained in a red-hot crucible. The mixture of carbonic acid and ethel' 
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 secured 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 thl'! 
hand has been previously moistened with liquid sulphurous 
acid, it. 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 ot • 
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 0 or 5000 or if 
they were red hot, because then a cushion of ~apour was formed 
between the foot and the iron and effectually protected the 
former from injury. But if the iron were only heated to 2000 
or 250 0 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 ton~ue,-a. feat often exbibI~d b1 
blaCKsmiths, . 
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APPENDIX TO HEAT. 

SOURCES OF HEAT. 

137. THIll SUN.-The amount of heat annually received by 
the earth from the sun, has been estimated to be suffioient to 
melt a stratum of ioe 101 feet thick. 

The atmosphere is supposed to absorb 40 per cent. of the beat 
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 0 F. 

138. THI!l STARS.-It is 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. THI!l EARTH.-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 a certain point which is variable, but which is no where more 
than 100 feet below the surface. At a distance of from 40 to 100 
feet below the surface, the temperature remains unchanged, i. e. is 
always the same as the mean temperature of the surface. Even 
at the moderate depth of 4 or 5 feet (covered) the thermometer 
ceases to mark the daily range of tempera~ure. 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 cgnstant temperature the thermometer 
rises I°F. for every 60 feet desoent. This is proved by various 



62 SOURCES OF HEAT. 

circumstances, as descent into deep mines, Artesian wells, the 
occurrence of thermal springs, &c. 

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 
at from 21 to 100 miles. We may safely conclude that the crust 
of the earth is not more than 50 miles in thickness or 8~ of the 
earth's radius j 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 4500000 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 is scarcely perceptible, not raising the thermometer more 
than -h- of a degree Fahr. 

The internal heat received by the surface in the course of a 
year would melt a crust of ice i 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 
101 feet in thickness. (Puillet.) 

The cooling of the earth's crust was much more rapid formerly 
than now, and consequently, the increase 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 10 to ~o f, 
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140. EXTREMES OF TERRESTRIAL TEMPERATURE.-Captain Parry 
records a temperature of-59° F. at Melville Island in 1819; 
Captain Black at Fort Reliance, Lat. 60 0 46' N. a temperature 
of-700 F.; Dr. Smith records a temperature of 1140 F. in the 
shade, and 1440 F. in the sun, at Mosul, near Bagdad. Thus the 
range in the shade is about 2000 in different latitudes. In this 
latitude there is often a difference of more than 1000 F. between 
the maximum of summer and the minimum of winter. 

141. CHIIIMIOAL ACTION.-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 fI. 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 vital 
action which is merely another name for chemical action occur
ring witbin the body of the plant or animal. 

In birds and mammals, the beat evolved is sufficient to 
maintain tbe temperature of the body at from 900 F. to 100" F.j in 
the cold blooded animals less beat is generated, but the blood is 
always a few degrees warmer than the surrounding medium. 

The temperature of plants is usually about 10 higber than the 
surrounding air, but in some exceptional cases, as for example 
when just expanding tbeir flower buds, the temperature may be 
500 or 600 above that of tbe 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 mechanicai effect produced by the combustion of one 
bushel of coals weighing 84 Ibs., is suHlcient to raise 120,000,000 Ibs. one foot. 
(See PaJ'j; 1, Arts. 163, 168.) 



LIGHT. 

LECTURE XII. 

THEORIES, DEFIN[TIONS, 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. 

146. 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 are in 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 wa.ves which moving with 
grea.ter 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 acq uire 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, Fraunhiifer, Herschel, 
and others j yet a. large number of very remarkable facts are 
not clearly elucidated by the undulatory hypothesis and 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 und ulations. 

DEFINITIONS, &c. 

U9. 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 illuD1inated body in every direction in which the 
point is visible. 

153. Light moves in straight lines, and consists of separate and 
distinct parte called rays of light. 

184. A ray of light is the smallest portion that we can either 
stop or allow to pass. 
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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 so large 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 cOlisiderable 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 obs().uration called the penumbra .. 

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

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

163. If the opaque body be a sphere and be placed before a 
luminous 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 IUlDinous, the sha
dow will be convergent, and the rapidity with which it 
Converges will depend upon the dista.nce 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. 

PHOTOllETERS, &0. 

164. The illuminating power of a light depends upon ~everal 
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 fan upon the object. 
6th. The degree to which the rays are absorbed in passing 

through the air, &c., &c. 

165. Photometers are instruments designed to measure the rela
tive intensities of different lights, and depend essentially upon 
the principle that the illuminating powers of lights of the same 
absolute intensity and having 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. 
ard. The method by extinction of shadows. 

167. The'apparatu8 necessary in Rumford's method consists of 
a white screen· and a small opaque rod. It proceeds upon 
the principle that when two lights both 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 
lIame 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 the rod their intensities are equal-if 
the one be twice as remote as the other its intensity will befoul' 
times as great, &c. 
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168. Ritchie's Pho- Fig. 1'1. 

tometer, Fig. 17, con
sists ofa box a b about 
8 or 10 inches in length 
and 1 inch in diameter, 

and having in the mid- t.---t~~~~!~g~;;r-1 
dIe a small triangular r1! 
wedge with its sides, 
m .~, 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 1 and l' and are altered in position until 
both surfaces of the wedge 8 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 shlldow. 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 tINES. 

170. White light as emitted from the sun or any luminous 
body is a compound of differently colored lights, and may be 
decomposed; analysed, or separated into its elementary parts 
by two methods, viz : ...... 

let. 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. 

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

Fig. 18. 

Thus, 8 H is a ray of white light passing through a small hole ill the 
shutter, E F, and then through the triangular glass prism, ABC. The 
beam of light, instead of passing on in a straight line to P, is bent out of its 
course and dispersed into a spectrum, K L, exhibitiug the seven prismatic 
colors. 

173. The order of colors in the prismatic spectrum is com-
inencing 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 spec
trum is found in the unequal refrangibility of the differ~nt colors. 
Thus red being nearest the line of direction of the originll.l 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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N OTE.-The whole length of the spectrum and also the relative lengths 
of the colored spaces differ with the substa.nce of :which the Prislll is lIlIIde 
-depending upon what is called the dispersive power of the body. 

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

MAGNITUDE OF COLORED SPACES. 

1-
R 0 Y , G B I V 

------ --- --------- ------ --
Newton .... 45 27 40 60 60 48 80 

Fraunhofer. 56 27 ~7 46 48 47 109 

N oTE.-The spectrum was in each case supposed to be divided into 360 
equal pa.rts, and Newton's numbers are for a. "rown.glass prism, while 
Fraunhiifer'~ are for a prism of flint glas~. 

176. If a second prism, a B .4, of precisely the same kind, be 
applied to the first, B.4 C, as indicated in Fig. 18,[the seven pris
matic colors are recompounded into ordinary white light j and the 
beam of light thus produced passes on to P, the point on which 
it would have fallen had no prism whatever been interposed. 
So if a circular disc of card-board be Fig. 19. 
divided into colored spaces, as in Fig. 19, ~10 40· 

a.nd be made to rapidly rotate upon its 0 y 
axis, the colors, if pure, blend into one ~ 
another and produce white light. Simi-" R C 
larly, impalpable powders of the different 
colors may be mixed together so as to 
appear white or greyish white. 

Th '11 .' t' 4,0 177. e 1 umma mg power of the spectrum is greatest 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 :-



NEWTON'S SPECTRUM. 71 

TABLE OF ILL UMIN A TING POWERS. 

R o Y G B I v~ --- --- --- ------ ---
94 640 1000. 480 170 31 6 

-
178. By placing delicate 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, 560 

Green, 580 

Yellow, 620 

Red, 720 

Beyond Red, 790 

NOIE.-Tbe thermometer fell again t.o 7~~ 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 
examined by FmunhOfer onlunich, 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 corrp~pond with the boundaries of the 
colored spaces. 

}?ig.20. 
181. From their distinctness, seven of the lines V"J ... 

alluded to are much used as land-marks or points of 
reference, and are distinguished as the spectral lines _ H 
B, C, D, E, F, G, H, of FraunbOfer. 

Of these. B lies in the red near its outer margin; C is a broad 
black line beyond the middle of the red; D is a strong double 
line in the orange; E is in the green; F is a very strong line in 
the blue; G is in the indigo, and H in the violet. 

N OTE.-These line. are of great use in enabling us to measure 
accurately the refractive and dispersive powers of different 
bodies. 

BREWSTER'S SPECTRUM. 

-G 

-F 

-E 

=D 
·-C 

182. When a beam of wbite ligbt is transmitted - B 
through a piece of blue glass, tbe transmitted light is Rod. 

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, ,t considerable part of the blue, less of the 
indigo, and very little of the violet. In the spectrum, the 
yellow, which is scarcely 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 
IJecn decomposen into ren and yellow, and gre('n light into yel
low anrl blllf'. 
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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 j the maximum of 
the primary yellow spectrum is in the middle of the yellow space j 
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 ('very part of the 
spectrum. 

II. A certain portion of these three primary colors combine 
so as to form white light in every part of the spectrum. 

III. In the red space there is 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 oran~e. 

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 the yellow and of the blue, and the 
surplus of these two colors combine to form green. 
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Vll. In the blue portion, all the red, nearly all the yellow, and 
a 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. 

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

IX. 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. 

X. 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. 

XI. Representing primary red light by the letter R, primary 
yellow by Y, and primary blue by B, the proportions of 
th"ilO primary colors that enter into the composition of 
different parts of the spectrum are as follows :-

COLOR. PROPORTION OF PRIMARY RAYS. 

White. . . . • . • • . • . . . . . • . • . •. 20 R + 30 Y + 50 B 
Red........................ 8 R 
Orange .....•.• . • . . . . . • • . • . 7 R + 7 Y 
yellow..................... 7 Y 
Green ..••.•....••.....•.... 
Blue .......••.......•.•.•.. 
Indigo .•.....••.•.•.....••• 
Violet.......... •...•....•• 5 R 

10 Y + 10 B 
6 Y + 12 B 

13 B 

+ 15 B 

LECTURE XIV. 
ABSORPTION OF LIGHT, NATURA.L COLORA.TION OF 

BODIES, C01lfPLE~IENT ARY COLORS. 

ABSORPTION OF LIGHT. 

185. When a ray of light falls on a surface, it may be either 
Absorbed, 
Transmitted, or 
Reflec~d. 

-. 



ABSORPTION OF LIGHT. 

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 absorbed 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 on the plains below; and oQiects 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 

Coal 

Hot Nitrous Acid Gas 

Metals 

Black Hornblende 

Black Pleonaste 

Obsidian 

Rock Crystal 

Selenite 

Glass 

Mica 

Water and transparent fluids 

Air and colorless gases. 

N OTE.-Charcoai in the form of gas or flame, and in a particular form of 
aggregation as in the diamond, is transparent. Also some of the metals, as 
gold and silver, are translucent in thin ftbns-gold transmitting green ami 
silver blue light. 

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

I. 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 di1fer~nt parts of the ray, which after taking two 
routes of differentJengths meet again in a condition to 
inter/ere (Herschel). 
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III. The absorption of light arises from the multitude of reo 
Aeetions 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 i 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. 

II. 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. 

III. A body which appears red, when placed in ordinary 
white light, exhibits that color because it absorbs all 
the blue and Yl'llow 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 reflects 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 l lind hence appears red. 



COMPLElltNTARY COLORs. 

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

COMPLEME);,TARY COLORS. 

un. 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 Ii compound color, which will he complemcntnry 
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 Ii 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 ........................... Bluish Green. 

Orange ...•.........•........... Blue. 

Yellow. • . . . • . • . • . . . . . . . . . . . . . .. Indigo. 

Green .......................... Reddish Violet. 

Blue ••.... • • . . . . . • . . . . . • . . . • . .. Orange Rcd. 

Indigo.... ....•. . . .. . .. . .... .. Orange Yellow. 

Violet .......................... Yellow Green. 

Black •••• . . . . . . . . • . . . . • . • • . . . •. White. 

White .•••••..••••...•••••...••• Black. 
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LECTURE XV. 

THEORY OF TRANSVERSE VIBRATIONS, CAUSE 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.) 

NOTE.-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 80 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, bnt 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 formllr 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 that runs along 
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 Wllst, 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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NOTB.-Although We can ouly perceivo by the eye movements prod'"CCtl 
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 distinguish, 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 It wave or undulation in a fluid is de
termined by the distance to which it rises or falls above or 
below its original position in the fluid in a state of rest j 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 ethl'real 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 i1lterfere. 

NOTE I.-Waves are said to be in opposite phases when the convexity of 
the one corresponds to the concavity of the other. 

NOTS 2.-A corresponding phenomenon occurs in the science of sound, 
when two sounds or atmospharic waves meet and destroy one another, 
producing silence. (See 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 inequalijy in length not being I, 2, 3, 4, 5, 
&c. entire waves j and the interference is complete when the 
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inequality in the lengths of the paths of the two waves is J, H, 
2!, 3~, 4!, &c., waves. 

203. Some idea of the mode in which t.he wave lengths of light 
have been determined may be gathered from the following experi

Fig. 21. 
ment. Through a pin-hole, s, Fig. 21, 
in the shutter ofa darkened room, allow 
a sunbeam to enter, and at a short dis
tance from the aperture place a thin 
wire, a b, (seen endwise in the figure,) !:$~"c:~~~~~~fe 
horizontally across the centre of the i 

admitted beam of light j finally, a little 
beyond the wire, set a white paper 
screen, cd. It will now be found that 
between the boundaries,.1: and y, there is formed, not a continuous 
shadow, but a succession of bands, alternately black and white, 
as exhibited in Fig.~2. At the centre, c,(Figs. 21 and 22,) Fig. 22. 
there is a white stripe, followed on each side by a dark 
one j 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 screen, having travelled 
through paths that are equal or which differ by 1, 2, 3, 
&c. entire waves, they eltal t each others effects and thus produce 
a white stripe j when, however, the two waves proceeding from e 
and b have come through paths which differ from one another by 
I, Il, 2! waves they completely interfere and the result is a 
black bar. At c, the two waves ae and be meet after 
coming through equal paths, hence the white stripe j at f the 
two waves af and b f meet after coming through path:3 differing 
in length by half a wave, hence the formation of a dark band j 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 
perfectly, and hence arises the sllading off of one stripe into ano
ther. 
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Now if we can ascertain the difference in the lengths of the two 
lines afand b f, we get the length of the wave by simply doubling 
it, &c., 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-LENGTHS OF LIGHT. 

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

of an inch. inch. one second. 

Red .........••.. 0'0000256 39180 477 Trillions. 
Orange .......... 0'0000240 41610 506 " 
yellow .......... 0'0000227 44000 535 " 
Green ....•.•..•• o '0000211 41460 57'1 " 
Blue ............. 0'000019!l 51110 622 " 
Indigo ........... 0'0000185 54070 658 " 
Violet .....•..... 0'0000174 57490 699 " 
Extreme Violet .•• 0'0000167 59750 727 " 
White ..••••.••.. 0·0000225 44444 541 " 

-
NOTE 1.-More reccnt experiments have determined the very remarkable 

fact that the length of the wave producing extrcme 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 light per second, by the numbers in the first line, or by 
multiplying thc iuches in 192000 miles by the numbers of the second Iinc. 

LECTURE XVI. 
COLons OF THIN FILlIIS, 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, ~ops the luminous undulation altoge
ther and produces blackness; if only partial, the amount ofretar
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. 

206. 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 
coloreq 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. TRANSMITTED RINGS. 

Black ............•........•..•.. White. 
Blue ............................ Yellowish Red. 
White ........................... Black. 
yellow ......•......•.•...••••..• Violet. 
Red ............................. Blue. 
Violet ........................... White. 
Blue ....... " .................... Yellow. 
Green •.....•.........•.......••. Red .. 
yellow ....•.....•••....••....... Violet. 
Red .............................. Blue. 
Purple ..•................••.•.••. Green. 
Blue ............................. Yellow. 
Green ....•.........•••......••.• Red. 
yellow ...........•....•.....•.... 
Red ....•.........•••..... , ...•.•• Greenish Blue. 
Green ..........•.....•.•......•. Red. 
Red ............................. Bluish Green. 
Greenish Blue .................... Red. 
Red ............................ . 

207. The following are the thicknesses, expressed in millionth 
parts of an inch, of plates of air, water, and glass, required to 
produce the different colored rings :_ 
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Series or I Thickness of Films 
Orders Colors seen by Reflection. 

producing them. 
or Colors. 

Air. Water. Glass. 
----

(Very black ............... 0'50 0'38 ' 0·33 I Black .•.••.••...••....... 1'00 0·'15 0·66 
Blackisb •...•....•..•.••.. 2'00 1'50 1·30 

F' t ~ Pale sky-blne ............. 2'40 1'80 1·55 
lrs ••• I White (like polished silver). 5'25 3'88 3'40 I Straw color ............... '1'11 5'03 4'60 

Orange-red(dried or'ge-peel) 8'00 6'00 5·17 
l Red (geranium sanguineum) 9'00 6''15 5·80 

(Violet (vapour of iodine) '" 11·17 8'38 '1'20 

r~"""""""" 
12'83 9'62 • 8'18 

S d ~l~~.~ '(tb";t' ~f' ih~ ~~~):::: 14'00 10'50 9·00 
15'12 1l'33 9·'10 

econ • Lemon-yellow ••.••.••••..• 16'29 12'20 10·40 
Orange (fresh orange rind) • 1'1'22 13'00 11'11 
Bright red ...•....•....••. 18'33 13''15 11·84 
Dusky red •••.••.......•.. 19'6'1 14''15 12'66 

{ P.",l. (fiow" of fiox) .•••. 21'00 15''15 13·05 
Indigo ...•••••...•.••..... 22·10 16'5'1 14·25 
Prussian blue ..•.•••••. , ••. 33'40 1'1' 55 15'10 

Third.. • Grass-green ••..••••....... 25'20 18'90 16·25 
Pale yellow ••... , ..•••.••• 2'1'14 20'33 1'1·50 
Rose-red .•..•••••......... 29'00 21''15 18, '10 
BI uish-red ••..•..•..••••.• 32'00 24'00 20,66 

( Bluish-green .............. 34'00 25'50 22·00 
F th 1 Emerald-green ............. 35'29 26'50 22'80 

our . yellowish-green ...•.••••.• 36'00 2'1'00 23·22 
Pale rose-red ............ ' . 40'33 30'25 26·00 

F'f h 1 Sea-green .... , ............ 46'00 34'10 29'66 
1 t .••• Pale rose-red ...••..•.••... 52·50 39'38 34'00 

Sixth .•• { Greenish-blue ............. 58·'15 44·00 38·00 
Pale rose-red ..... ' ..•....• 65'00 48''15 42·00 

S th t Greenish-blue ............. '11' 00 5'1'5'1 45'80 
even • Pale reddish-wbj,te ......... '1'1'00 53'25 49'66 
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By aid of this table, the thickness of thin films of air, water, or glass, may 
be readily determined by observing the colors they reftect. The compaTative 
thickness of plates of two substances, rcftecting the !!ame color,aro in the 
i uversc ratio of their indices of refraction. 

NOTE I.-It thus appears that a film of air less than ono half of the 
millionth part of au inch in thickness, and films of water and glass lesB than 
one-third of the millionth part of an inch in thickness, cease to retlect 
light, and appear, consequently, black. 

NOTE 2.-These rings may be observed by placiug two pieces of clear 
window glass together and pressing them in the ('entre by means of 8. 
pointcd body. The plates need not be very thin. 

NOTE 3.-Whcn observcd in homogenons light. the rings simply exhibit 
the same color as the light itsclf, 8.nd alternating with dark or non-lumi. 
nous rings. 

208. Other examples 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 fUm of oxide formed on plates of lead, 
the films gradually deposited on the window-panes of stables, 
&c., &c. The beautiful iridescent and opalescent paper of De 
la Rue, owes its peculiar lovl'liness 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 Ullst or moistnr<', &c.) the more distinct are 
the colors produced. 
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COLORS OF GROOVED SURFACES. 

210. The beautiful tints presented by the surface of mother
of-tpearl, 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. 

N orB.-The grooves on mother.of·pearl. are often as many as 3000 to the 
inch. Fine steel has been cut ill fine lines so as to display the same kind 
of iridescence as mother.of.pearl. 

LECTURE XVII. 
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. 
ard. Electricity. 
4th. Chemical action. 
5th. Phosphorescence. 
6th. Fluorescence. 

lU2. 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. 

lIEAr AS A BOURCB 011' LIGHr. 

918. Heat is one of the most jplportant artificial sources oflight. 
All solid and liquid bodies which are not decomposed, shine 

G 
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when their temperature is raised to about 10000 F. The color 
first presented by the shining hot body is red, and, as the tem
perature rises above 10000 F., orange, yellow, green, and the 
other prismatic colors, present themselves in regular Buccession, 
until at last the body reaches the temperature of 21300 , when 
all these tints are simultaneously emitted and the body is said to 
be white hot. 

N OTE.-This seqllenc{l of color is very bE'lI.utifully manifestocl in the pro
cess of tempering 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 irou plate and gradually heated. As the heat permeates the steel, its 
surface passes through the varioui shades of color ennmerated above. 
When we perceive the straw color, the steel is a little softened, and, being 
fit for the manufacture of various tools, is calJed drill-tempered steel; 
when the blue tint appears, it has been still more softened, and is what 
is termed 8prinu-tempered steel, &c. 

214. Thi light emitted by the ignited solid increases very ra
pidlyas the temperature rises above 10000 F. The following 
table is given by Draper, and shows the intensity of the light 
evolved by platinum at different temperatures :-

TABi.E OF LIGHT E\'OLVED BY HEATED PLATINUM. 

Temperature of the Intensity of its I Platinum. Light. 

9800 0·00 
1900 0'34 
2015 0'62 
2130 1·73 
2245 2'92 
2360 . 4'40 
2475 7'24 
2590 12'34 

215. When two charcoal points, connected with the two poles 
of a powerful galvanic battery in action, are brought within a 
Ilhort ~istance of one another, a luminous arch is produced 
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betwcen tlleru, and the light is so intense tllat iLs uri~lltllCtiS is slLid 
to reach to one-fifth or even one-fourth that of an equal surface 
of the sun. (See Arts. 481-484.) 

CHGldlCAL ACTION AS A SOURCE OF LIGHT. 

216. Chemical action is so constant a source of ligllt that we 
define combustion, which is merely one form of chemical action, 
to he "chemical combination attended by the evolution of light 
and heat." All flames are regarded as incandescent sLells formed 
of a series of concentric and differently colored layers, the inner
most one being red and having a temperature of about lOOooF. 
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 j but a prism separates 
them onc from another,and thus proves their individual existence. 
If we could obtain a horizontal scction of such a flame, it would 
exhibit all the prismatic colors. 

217. Many bodies in burning emit lights of peculiar tints. 
Tbc flames thus obtained are mostly compound in tlleir color, and 
may be de' composed by the spectrum, so as to present all tile 
prismatic colors. Thus, the red of cyanogen and the bluc of 
sulphur 01' carbonic oxide', are compound colors. Certain flames, 
as tllat of hydrogcn, al'C deficient in some of thc rays only, while 
others, as that of a solution of soda in alcohol, are homogenous 
or monochromatic. 

NOTE.-The principal artificially colored lights or pyrotechnists and 
others, are obt.aillcd as follows :-

1 
Dry nitrate of potassa ...... 6 parts} All in fiuc pow. 

Blue or Bengal Light... Sulphur ........................... 2.. der and well 
Tersulphide of Antimony.l" mixed. 

{

DrY nitrate of baryta ....... 4* parts 
G L· It Sulphur ........................... lt .. 
• rCen tg t ....•........ ... Chlorate of potassa .......... 1 .. 

Lampblack ...................... l .. 
Mix the lampblack, sulphur, and nitrate of baryta together in fine PO\V

der, alld afterwards add the chlorate of potassa in rather coarse powder 
without rubbing it with the other substances. 

{

Dry nitrate of strouth!. ..... 8 parts. 
Red Ll'ght Sulphur ............................ 2~ .. 

... ......... ... ..• Chlorate of potasSR .......... 2 " 
Lampblfck ....................... t .. 

Observe same caution In mizlng a.~ in case of green.lilIht compound. 
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218. A very intimate relation exists between the intensity of 
the chemical nction occurring in any given case of combustion, 
and the color of the resulting t1ame. 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 
maximum quantity with which they are capable of combining by 
combustion. 

Cyanogen, on the other hand, burns with a red flame, because, 
in the decomposition of the gas during t)ombustion, 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. 

N OTE.-The chiefvarlcties of strong artificial lights occasionally employed 
for illuminating purposes, are :-

I. THE DRUMMOND LIGHT,Or OXY.HYDROGEN LIGHT. This is pro
duced by projecting, with due caution, on a piece of prApared lime or 
chalk, ajet ofa mixture of two volumes hydrogen and one volume 
oxygtln. 

II. THE BUDE LIGHT is obtained by passing a steady current of 
ox!gen ~hroug~ an argand lamp, having a very thick wick, sup
piled WIth a hIghly carbonized oil, as whale oil. The oxygen is 
forced through the centre pipe of the burner by means of a con. 
stant but very low pressure. 

III. THE OXy,CALCIUM LIGHT is obtained by urging the flame ora spirit 
lamp or ofa common ~al.gas burner against a ball otlime by means 
of a jet of oxygen eaoapUlg trom a moderate but steady pressure 

IV. THE ELECTRIC LIGKT, for a desCription of whlch see Art. 485 •• 
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PHOSPHORESCENCE AS A. SOURCE OF LIGHT. 

:a19. 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 a 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 fiuor-spar, sulphide of 
barium, sulphide of calcium, dried paper, silk, sugar, borax, &c., 
among inorganic bodies; and rotten wood, decaying fish and other 
animal matter, certain marine animalcules, the glow-worm, the 
fire-fiy, &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 tho 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 9f the light emitted is very 
low-an apparently very luminous diamond yielding a light 
several thousand times less intense than the fiame 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 ceased to emit light becomes again luminous if 
exposed to a higher tempera*ure. 

224, The phosphorescence of animal and vegetable substances 
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is due, probably, to chemical action alone, since in all cases 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. (Greek epipoUs, "on the 
top of," i. e. " at the surface.") 

227. The phenomenon of epipolic dispersion has been 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. 

329, The term Fluorescence is now commonly applied to thp. 
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phenomenon just described, because it does not, like the terms 
eplpolic 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 
byoxide of uranium) j a decoction of madder and alum gives a yel
low or orange-yellow fluorescence; tincture of tumeric, a green
ish light j and an alcoholic solution of chlorophyll diffuses a 
red light. 

N oTB.-Fluol'escence is entirely depcndent upon the incidence of certain 
rays and is therefore quite distinct from phosphorescence; and, although 
the former may give a blue light very mucll resembling the latter, they are 
by no means to be coufounded. As a general rule, phosphorescent bodies 
are not lluorcsccnt. . 

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 oflight by mirrors, &c. 

232. )Iirrors are highly polished solid bodies capable of reflect
ing a lar~ 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 
made 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. 

N OTE.-Specula are better retlectors than glass mirrors, as in the latter 
a portion of the incident rays are reflected from the first surface and rendel' 
the image less perfect than that ohtained by the use of a speculum. 
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233. Mirrors and specula are plane, concave, or convex. A 
plane mirror is '" flat surface like a common looking-glass j 0. 

concave mirror is a reflecting surface curved like the inside of 
0. watch-glass j a convex mirror is 0. reflecting surface curved 
like the outside of a watch-glass. 

234. Parallel rays o'flight are such as lie 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, 
so that if sufficiently produced they will meet in a point. Diverg
ing rays are such as continually recede from each other. 

235. When a ray of light falls upon a surface and is reflected, the 
angle contained by the line of incidence and the perpendicular to 
the point at 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. The incident 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. 

N OTE.-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 equa.! to the angle of incidence. For a 
concave mirror, we join the point of incidence with the geometrica.! centre 
of curvature, and, considering this as the perpendicular, makc the angle of 
retlection 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 PLANIII MIRRORS. 

236. Rays oflight incident upon a plane mirror retain iheir rela-
tive directions after reflec- Fig. 23. 

raYBcontinuetobeparallel ~ 
tion, i. e. parallel incident c'W0 a. VIlE .. e e F '- F 

after reflection j diverging ~ 
incident rays continue to A 8 
diverge after reflection, and converging incident raya continue 
to converge after reflection. 
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REFLEOTION FROM OONOAVE MIRRORS. 

237. Parallel rays incident upon a concave mirror are reflected 

Fig. 24. 
to a point whose distance from the 
face of the mirror depends upon 
the curvature of the mirror. A/k----------cl 

I~~~--------. 
238. The point to which a con- EII--~,E--~c:----

cave mirror reflects the rays incl- -I 
dent upon it, is called the focus 01' ! 
" fire place" of the mirror j and the B " 

focus for parallel rays, as Fin Fig. 24, is called its principalfocus. 

239. Diverging rays incident upon a ooncave mirror are reflect
ed to a focus,f. Fig. 25, which is 
always more remote from the mir
ror than its principal focus, F. If 
the radiant point, P (Fig. 25), be 

Fig. 25. 

made gradually to approaoh to- Dlr---:;~~£.-===~~ p 
wards the mirror, the following 
facts are observed :-

I. .As P approaches the mirror f recedes from it. 
II. When P coincides with C, the geometrical centre of curva

ture,fis also coincident with c. 
III. When P approaches the mirror so as to take the position f, 

the focusfhas receded so as to assume the position P. 
IV. When P reaches the pointF, the incident rays are reflected 

so 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 inf, but when 
the radiant point is atf 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 f Dis 
called the conjugate focal distance of the mirror to distinguish it 
from F D, which is the principle 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 it these 
diverging rays be considered as passing back through the mirror, they ~ll 
appear to converge towardslL point behind it; this point is called their vi?" 
t"alfoc"s. 

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 followiDg 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. 

REFLEC'fION FROM CONVBX MIRRORS. 

242. Pal'allel rays incident upon a convex mirror are reflected so 
as to diverge from one another. Their focus is virtual, and, for rays 
falling on the mirror ncar its middle point, the distance is about 
half the radius of curvature. 

243. Diverging rays incident on a convex mirror are reflected so 
as to diverge more rapidly. Their focus is virtual and their focal 
distance is always less than half the radius of curvature, but con
tinuaUy approaches that magnitude as the radiant point recedes 
from the mirror. 

244. Converl:ing 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 beyopl! 
the principal virtual focus of the mirror. 

RULES FOR FINDING THE FOCAL DISTANCE OF MIRRORS. 

245. Let f= forus,f' = virtual focus, F = principal focus,,.= radius 0 t 
curvature of the mirror, d = distance of radiaut point, d' == virtual point 
of ronver/l:ence. 



CONCA VE 3llRRORS. D5 

CONCAVE MIRRORS. 

PABALLIi1L RAYS. F = 1 r. 
Or: Principal focus is equal to Italf tlte radius of curvature. 

EXAMPLE t.-What is the principal focal distance of a concave mirror 
having a radius of cnrvaturc of 40 feet? 

SOLUTION. 

F = ! r = ! of 40 = 20 ft. Ans. 
EUMPLE 2.-Wbat is the principal focal distance of a concave mirror 

baving a radius of curvature of 17 ft. 11 inches? 

SOLUTION. 

F = t r = ~ of 17 ft. 11 inches = 8 ft. ll! inches. Ana. 

DIVERGING RAYS. f =..!!::!:..-
2d-r. 

01': The conjugate focus is found by mUltiplying the distance 
of the radiant point by the radius of curvatul'e of the mirror, and 
dividing the pl'odttct 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 from the mirror? 

SOLUTION. 

Here d = 40 feet and r = 25 ft. 

Thenf= ..!!::!:..- = 40 X 25 = 1000 = 18 ft. 212.- inches. Ans. 
2d-r 2X40-25 55 

EXAMPLE 4.-What is the conjugate focal distance for divergent rays Oil 

a concave mirror whose radius of curvature is 64 ft., the radiant point beillg 
64 ft. from the mirror? 

SOLUTIO:'. 

Here d = 64 fcet and l' = 64 feet. 

Tbenf=.!!!:... = 64 X 64 = 64 X 64 = IH ft. Ans. 
2cl-r 2 X 6<10-64 64 

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 d = !It ft. and r = 19 ft. 

Thenf=..!!::!:..- = 9l X 19 = 9, X 19 = 9~ X III = OC i. e. the 
2d-r 2 X 9\ -19 11"- 19 0 

rays are retlected pRrallt'J, 
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d'r 
CONVERGING RAYS. f= 2d' + r 

Or: The focal distance is found by multiplying the radius of 
curvature of the 1nirror by the distance of tILe point to which the 
rays converge behind the mirror, and dividing the product by the 
sum of twice the distance of tILe virtual point of convergence and the 
radius of curvature. 

EXA.:.lPLE 6.-What is the focal distance for converging rays wbich fall 
on a concave mirror whose radius of curvature in 22 feet, the incident rays 
converging towards a point 18 feet bebind the mirror? 

SOLUTION. 

Here d I = 18 feet and r = 22 feet. 
d'r 18 x 22 _ 396 .• Thenf= --- = - - = 6 ft. 9H mcbes . .ana. 

2d I + r 2 X 18 + 22 58 

EXA.MPLE 7.-Wbat is tbe 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 I = 20 feet and r = 40 feet. 
Thenf- d'r _ 20 X 20 _ 800_ 

- 2d
' 
+ r - 2 X 20 + 40 - 80 - 10 fcct. A1l8. 

CONVEX MIRRORS. 

PARALLEL RAYS. F ,= t r. 
Or: TILe principal virtual focus is equal to half the radius of 

curvature. 

EXA.MPLE 8.-What is the prinCipal focus for parallel rays incident on 
a convex mirror whose radius of curvature is 36 feet P 

SOLUTION. 

F I = ! r = 1 of 36 = 18 feet. 
EXAMPLE 9.-Wbat is the principal focus for parallel rays incident on 

1\ convex mirror whose radius of curvature is 8 ft. 10 inches? 

SOLUTION. 

F ,= } r = ~ of 8 ft. 10 in. = 4 ft. 5 in. Ana. 

DIVERGING RAYS. f'=~ 
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 
'Ire distance of the radiant p9int, 
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lJXAMPLE 10.-What is the conjugate focal distauce for ill vergiug ra~-s 
falling on a convex mirror whose radius of curvature is 28 fect, tbe radiant 
point being 28 feet befor.e the mirror? 

SOLUTION. 

Here d ". 28 feet and ,. = 28 feet. 

Thenf' = ~ = 28 X 28 - 9 ft. 4 inches .• 1//8. 
2d+,' 2 X 28+28 

EXAlIlPLE 11.-What is the conjugate focal distance of a convex mirror 
whose radius of curvature is 6 feet, for divcrging rays proceeding from a 
point 104 ft. dis,tant ? 

SOLt'TION. 

Here d = 104 and ,. = G. 

Thcllf' = ..!:!:..- = 10. X 6 = 624 = 2 ft. 10H_~ inches. Ans. 
2d+r 2 X 104 + 6 214 1 (I 

CO:;YERGING RAYS. f' = d'r 
2d'-r 

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

EXAMPLE 12.-What is tbe focal distance for converging rays incident 
UpOll a convex mirror wbose radius of curvature is 40 feet, the incident 
rays converging towards a point 14 feet behind the mirror ~ 

SOLUTION. 

Here d' = 1<1r feet and r = 40 feet. 

Thenf=d'r = UX<IrO =~=46ft.8in.Ans. 
2d'-r 2 X 1" <IrO III 

EXAlIlPLE 13.-What is the focal distance of a convex mirror whose radius 
of curvature is 7 feet. for incideut rays which converge towards a Jloint St 
teet behind the mirror? 

SOLUTION 

Here d' = Si feet and r = 7 feet. 

Then f'= ...l!:!:.- = sl X 7 = 2# = 24l = oc i. e. the rays arc 
2d'-r 2XSi-7 7-7 0 

rellected 80 as to be parallel. 

EXAMPLE 1".-What is the focal distance ofa convex mirror whose radius 
of ourrature is 30 feet, for inoident-raylfwhich appear to converge towards 
a. point 50 feet behind the mirror? 
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SOLCIlOi'. 

Here d' = 50 feet and ,. = :30 feet. 
Th f'- d'r 50 X 3 - 1500 ft 51 " A 

en. -2(/'-r ~'~50-30- -70-=21 • , 111S• Its. 

EXERCISE. 

IG. What is the principal foeu, of a concav~ mirror having a radius of 
curvature of 7 feet 11 inches? Ans. 3 feet 11i inches. 

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

A11S. 5 feet 10} inches; virtual. 
17. What is the conjugate focal (listance of a concave mfrror whose 

radius of curvatnre is 19 feet. for rays emanating from a luminous point 
107 feet distant? Ans. 10 feet 5-fl. inches. 

18. What is the conj ngate focal distance of a convex mirror whose radius 
of curvature is 15 feet (1) fer parallel rays incident upon it? (2) for rays 
appearing to converge to a point 6 fect behind the mirror? (3) for ra~'s 
cmanating from a luminous point 20 ft. in front of the mirror? (4) for lu
minous rays appearing to converge to a point 40 feet behind the mirror? 
(5) for rays appearing tn converge to tho priucipal virtnal focus of the 
mirrorP 

Ans. (1) 7 ft. 6 in.; (2) 30 ft.; (3) 5 ft. 5-i'l in.; (~) 9 ft. 2l-~ in.; (5) OC-

19. "-hat is the conjugate focal distance of a concavc 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 feet beforo the mirror? (4) For incident rays converg
ing towards a point 35 fect behind the mirror? 

Ans. (1) 5 ft. 6 in.; (2) 2 ft. 2-(-[ in.; (3) 6 ft. 4H in.; (4) 4 ft. 9i-,. in. 

20. What is the ptincipal focus of a convex mirror whose radius of eurva-
turB is 19 feet? Ans. 9 ft. 6 in. 

21. What are the principal foci of mirrors whose radii of curvature are 
respectively 4 feet, 11 fret, 8 fect. and 6 feet ,~ inches P 

AI/s. 2 ft., 5} ft., 4 ft., 3 ft. 2 in. 

LECTURE XIX. 

FORMATION OF BIAGES BY MIRRORS, RULES FOR 
THE FOR:lIATION OF DIAGES BY MIRRORS. 

246. The image of an object is a picture of it formed on the 
retina 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 leuses, or by allowing 
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the rays of light that emanate from the object to enter through a 
smallapertureintoadarkchamber and there fall on awhite screen. 

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

Let.l1 be a small aperture in (' D, the shutter of a darkened 
room. Before the ori- Fig. 2G. 

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. 
Light moves only in straight lines. All the rays that proceed 
from B are intercepted by thc shutter except those that pass 
in the direction B.I1 and these continuing their rectilineal course 
finally fall upon the screen at b; similarly, thoso that proceed from 
R fall upon the screen at 1", and those from G pass direct to g. Of 
course rays from points between Band G fall on the screen at 
poiats between b g, anrl so on. Thus there is formed on the 
screen, FE, an inverted image of the object, B R. 

N OTB.-Since only a small proportion of the rays that emanate from tl", 
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 morc indistinct,lUI the rays that proceed from adjacent points of the 
object are ClUlt on the same point of the screen aud thus create confusion. 

FORMATION OF UlAGES BY PLANE MlImORS. 

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 ]If N be all ohjeet placed before the minor, A B, and 
let the eye be placed at E. Then, of the rays di· Fig 2'7. 
verging from the point M, thoso that fall upon the N 

mirror at the points D, F, are reflected to the eye 
lUI though they proceeded from the virtual focus 
m. Similarly, those from N are reflected as though 
they radiated from n. The line joining M and m 
and also that joining Nand " are perpendicular =A.'-' __ --.'*',-'O,!"h-.... 
to the mirror; aDd tho points m and 11 are as much 
behind the mirror as the points M, N &.te respect. 
tively before It. 
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NOTE 1.-When' a mirror is placed at an angle of 450 to the horizon, an 
erect object placed before it will appear horizontal and vice versA, because 
the image has the same inclinlltion to the mirror as the object, and twice 450 

make 900 • 

NOTE 2.-Sincc the angle of incidence is equal to the angle ofreflectlon, 
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 hei,ht. 

250. An object 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 less 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 anglcs they give a 
multiplied image of an object. 

Two mirrors inclined at an angle of 300 ,450 , or 600 , 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 ofsmall 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 j 
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 ilnage is repeated depends upon the 
angle made by the faces of the two mirrors, being equal to :160" divided by 
that angle. Thus if the mirrors make with one another an angle of 600 , 

86· 
the image will be multiplied - = 6 times; if they make angle of 450 , 

360· 
3600 

there will be - = 8 repetitions, &C. 
45" 

FORMATION OF IMAGES BY CONCAVE MIRRORS. 

252. When an object is placed before 0. concavemirr or, 0. real 
image is produced in all cases, except when the object is placed 
between the mirror and its principal focus: under which circu~. 
stances the image is virtual. 
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The following explains the formation of an image by a Concave miITor. 
Let A B be a mirror whose centre of curvature is C, and let lrI N be an ob
jeot placed beyond C. The rays M A, M D, M B, &c., proceediug from lJl to 
themirror,are all reflected in the manner described in Art. 235 so as to paint 
the extremity Mat m. Si- Fig. 28. 

mn..lyth""'NB,ND, ~ 11" A, &c., proceeding from M 

N, are reflected to a focus 71 

at .n. The result is the II • c: 
' ....... i ••• , = i."",to' 3 
image of the object M 11", 
and this image i8 very R N 

bright, because a great nnmber of rays concur to produce each of its parts. 

253. In the formation of an image by a concave mirror the 
following points are worthy of notice :-

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

11. When the object is beyond the centre of curvature, the 
image will be between the centre of curvature and Ute 
principal focus, and will be smaller than the object. 

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

IV. When the object is in the principal focus, the image is 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 virtual image is formed. 

VI. 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 is to the size of the object as the dis
tance of the image from the mirror is to the distance of 
the object from the mi6ror. 

IX. The image is always inverted. 



102 'FORlIATION OF DIAGES BY CONVEX MIRRORS. 

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 para,1lel.. 

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 80 or 100 , 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 
Cilrve. 

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 .A. B, Fig. 29, be a convex mirror, M X an Fig. 29. 
object placed before it, and E the posi~ion of the· M _---'I»: 
eye of the observer. The rays III IJ, 111 F, are re
flected from the mirror as though they radiated 
from the point m behind the mirror; similarly the 
rays N G, N H, proceeding from N, are reflected to 
the eye as though they radiated from the point n; />. 
hence the formation of the image m n. 

257. The following facts are noticeable 
with reference to the image formed by a 
convex mirror :-

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

II. 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. 

III. 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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IV. 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 conca'l'e mirror use the following-

RULE. 
I. Take any point in tlte object and from it draw a secondary 

axis. 
II. Take any ray whatever incident from the assumed point and 

join 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 fr01lt the point of incidence, on the other side of tlte 
perpendicular, a straight line, making with it an angle equal 
to the angle of incidence. 

IV. The line thus determined is the path of the reflected ray, and, 
being pruduced until it meets the secondary axis, determines 
the spot in which the image of the assumed point is fanned. 

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

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

EXAMPLE I.-An object 17 iuclw" 10llg 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. 

SOLl'TIOlf. 

I. Here d= 11 feet, and r=18 fcet. 

Thenf= ~ = 11 X 18 = 198 = 49 ft. 6 !Itches = distance of 
2d-r 2 X 11-18 4 

image trom mirror. 
II. Dis. of object: dis. of image: : size of object: size of image. 

Or, 11 ft.: 49 ft. 6 in.:: 17jnches: 59~~ 17 =76! in.= length of 

image. 
III. The image is inverted, having its head still coincident with the prin. 

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

SOLUTION. 
Here d = 6 and r = U. 

I. f= ~ = 6 X 14 - ~ = 3"feet.2tg- inches = distance of 
2d+r 2 X 6+14 26 

virtual image from the mirror. 
3810 X 22 

II. 72 inches: 38H inches: : 22 inches: J '~l! 11 tt inches = 
size of image. 

Ill. Image is erect, with its foot on the same side of the principal axis as 
the foot of the object. 

EXERCISE. 
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 mirror, 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 = U inches; 
image erect. 

5. An object 161nches 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 = 11~ ~ inches; length of image = sH in.; 
image erect, and completely above the principal axis. 

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

Ana. Distance from mirror = nit inches; length of image = 2~ in.; 
image inverted, and bas 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 object being in 
the principal axis of the mirror, determine the position, distance, and size 
of the image. 

Ana. Distance from mirror = 6 feet l1~t inches; length of image = 
I-H inches; image inverted, with its head still in principal axis. 

S. An objE!ct 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 priucipal axis of the mirror, determine the position, 
distance, and size of the image. 

Ans. Distallce from mirror = 7t inches; diameter of image = 11 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 transmitted through them. 

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

Thus, it 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 blWk 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 8 A a ray of light incident on it at Fig. 30. 
A, NAN' the perpendicular to the sur- N 

face, A R the direction of the reflected R 

rs,y, and A T the direction of the re
fracted ray j then:-

The angle 8 A Nis the angle afinci
dence. 

The angle N A R is the angle of 
reflection, 

The line NAN' is called the normal. 
The angle TAN' is oalled the angle of refraction. 

s 

Let A a be taken equal to A b, and from a and b let fall the 
perpendiculars a m a.nd b n to the normal NAN'; then :-

The line a m is called the si;e 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 n. 

263. The general laws of the refraction of light may be thus 
stated :-

I. The incident rlJY, the refracted ray, and the normal are all in 
the lame plane, and the sine of the angle of incidence bears 
a constant ratio, in the same medium, to the sine of the 

am 
angle of refraction, or b""n = n = a constant quantity. 

II. When a ray of light passes from a rarer into a denser medium, 
as from air into water, it is bent towards the normal or 
perpendicular. 

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

IV. When a roy of 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 differen t bodies, being, 
as a general rule, greatest in combustible bodies, and increasing 
also 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 EEFEAC. 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 ..•••.•••• 2'224 
Air .............. 1'000294 Diamond ••......••• 2'487 
Water ....•....•. 1'366 Chromate of Lead •••• 2'936 

265. The preceding table gives the index of refraction of a ray 
of light passing from a 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 !econd medium by that of the first. 

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

crown glass is ~::: = 1"098; of a ray ot light passing from water into 

. th . d t f t' . 1"0002940 7 & alr e m ex 0 re rao 1011 19 1"366 = O· 32. c. 

266. When light falls upon a polished metallic reflector, it is 
partly reflected by the surface, and partly absorbed or otherwise 
lost j when it falls upon a glass reflector or other transparen t 
medium, asecond portion is reflected from the second surface. III 
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-

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 60'52 
200 3'837 3·790 4'117 69'43 ..... 
300 4'189 4'164 4'574 68'11 58'69 
400 4·767 4·778 5·320 66'91 ..... 
500 5'810 5'882 6'656 65'87 54'96 
600 7.964 8'155 9'369 65'03 ..... 
700 13'448 13·891 16'015 64'41 ..... 
800 32'396 33'155 36'422 64'04 ..... 
900 75·776 74'261 72'074 63'91 00'60 

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 j 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 oan, of course, (Art. 563,) 
only take place when the exterior 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 is greater than the angle of incidence. In the 
case of water and air, the angle of refraction is 90Q when the angle 
of incidence is 480 35'; so that if a ray of light passes through 
water making an angle greater than 480 35' with the perpendi
cular, the refracted ray makes an angle greater than 9&0 with the 
perpendicular, and consequently does not pass from the water 
a.t all. Light passing through common glass at an angle greater 
than 410 49' suffers total refleotion. 

NOTE 1.-To an eye placed beneath the surface of water, all the objects 
above the horizon would be seeu withiu an angle of 970 10', or double the 
angle of total reflection for water. 

NOTE 2.-The brilliancy of the light which has suffered tota.l reflection fa.r 
exceeds that reflected from the best metallic reflectors. This may be 
shown by nearly filling a. wine.glass with wa.ter and holding it up so that 
the surface of the water may he seen from beneath. When thus placed it 
presents an appearanoe 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 LENS is a transparent body, as glass or 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. 

Fig. 31. 

1. An optical prism, A, is a triangular prism having two plane 
surfaces, A R, A S, called refracting surfaces, and a face, 
R S, called the base of the prism. The angle R A S is 
called the refracting angle of the prism. 

II. A Plane Glass, B, is a plate of glass having two parallel 
plane surfaces, a b, cd. 
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III. A Spherical Lens, C, 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 is thicker 
than its edge, it may be regarded as a convex: lens. 

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

N OTE.-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 a ray orIight, a b, be incident upon the surface, A C, of the prism 
A C B; it is first retracted in the direction bfo Fig. 32. 

and upon emerging it is still further retracted ;;;" 
to d. An eye placed at d would therefore see 
an object at a as though it occupied the posi· a , A 
tion a'. It the retracting angle be turned /' 
down, all objects appear to pe elevated when 6'" 
seen through the prism. e 

./ 
N OTE.-The angle a e a' is oalled the angle Il' ~ 

ofd~ation, 
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272. The following particulars in connection with a prism are 
to be carefully noted:- Fig. 33. 

I. The points f and c are called the In 
CL 

geometrical centres or centres of curvature. 

II. The point d is the optical centre, a b f'--r*--~--c: 
is the aperture, cfis the principal axis, and 
any other line, 7n n, passing through d is a 
secondary axis. .. 

III. All the tays, such as m n, f c, ~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, as being formed of two prisms of small refractiug angles, 
placed back to back. Fig. 34. 

Thus, let abc and d b c be two pri8ms 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, k, m, g, tailing upon the 

f--~.J-..J 
b---kl 

A-__ L"f--+'~~F' 

surface a b d are refracted to a focus in F; or if ID-----I---f'.,'" 
diverging rays from F fall upon the surtace a c d, $ 
they are refracted as parallel raysf, k, 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. 

Fig. 35. Thus, let r 0 sand 8 t v be two such 
prisms united by their refracting angles 
at 8. Then, as before, since a ray of 
light in passing through a prism is bent 
towards t.he back, tbe parallel rays e, kof, It.!----Jl:s-_____ l!,,. 
falling on the surface 08 t. become di
vergent in passing through the lens; ., 
and converglngrays, U, n, k, taIling on the '-----j~.\ 
surface r 8 v, emerge on the other side as 
parallel rays, e, k.f. 

t 

275. Connx lenses are proved by the laws of refraction to 
possess the following properties :-

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

II. Incident rays parallel to the axis of the lens are refracted 
to a focus j and the focus for these parallel rays is called 
the principal focus of the lens. 
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Ill. Rays diverging from the principal focus of a convex lens 
are refracted parallel. 

IV. Diverging rays emanating from a 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 rays is less than that of the inci
dent rays. 

2.76. 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 
lena. 

III. Incident rays converging towards the principal focus are 
made parallel by a conca,e 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 may be found 
by the following formulas :-

Let r = radius of curvature of one surface. 
r' =" " " other " 
d = distance of source of light. 
d' = " "virtual point of convergence of the 

rays incident upon the lens. 
t = thickness of lens. 
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CONVRX LENSES. 

Parallel Rays. 

I. Double equi-convex lens, F = r. 
2 rr' 

II. Double unequi-convex lens, F = r + r" 
Ill. Plano-convex lens with plane 

surface exposed to rays, F = 2 r. 
IV. Plano-convex lens with convex 

surface exposed to rays, F = 2 r - 3 t. 
2 T r' 

V. Meniscus, F = r-r'. 

Diverging Rays. 

VI. Double equi-convex lens, 

VII. Double unequi-convex lens, 

VIII. Plano-convex lens, 

IX. Meniscus, 

dr 
F = d-r. 

2 drr' 
F = d (r+r')-2 r r" 

2dr 
F = d-2r. 

2drr' 
F = d'(r-r')+2rr'. 

Converging Rays. 
d'r 

X. Double equi-convex lens, F = d' + r. 

2 rr' d' 
XI. Double unequi-convex lens, F = d' (r+r'-) + 2 r r'. 

2 d'r 
XII. Plano-convex lens, F = d' + 2r • 

2 d' r T' 

XIII. Meniscus, F =d! "",....(-r-r'-~)+2 r r'. 

CONCAVE LBNSES. 

PARALLEL RAYS. The virtual focus is found by formulae I, 
II, III, and IV, and for the concavo-convex lens by formula V. 

DIVERGING RAYS. The virtual focus is found by formulas 
X, XI, XII, and XIII. 

CONVERGING RAys.-The focal lengths are found hy formulas 
VI, VII, YIII and IX. 
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EXAMPLES. 

EXAMPLE I.-What is tho focal length, for parallel rays, of a convex 
lens whose radii of curvature are each '1 inches? 

SOLUTION. 

Formula 1. F = l' = '1 inches. Ana. 
EXAMPLE 2.-What is the focal length, for parallel rays, of a glass sphere 

whose diameter is 21 inches P 
SOLUTION. 

Formula 1. F = l' = t of 21 = 11 inches. Ana. 
EXAMPLE 3.-What is the focal length, for parallel rays, of a meniscus 

whose radii of curvature are respectivt'ly 6 and 5 inches? 

SOLUTION. 

Formula V. F = ~ = 2 X 6 X ~ = ~ = 60 in('hes. A.a. 
1'-1" 6-5 1 

EXAMPLE 4.-What is the focal length of a dOUble convex lens whose 
radii are respectively 4 and 5 inches. for rays emanating from a point 20 
feet distant P 

SOLUTION. 

2drr' 
Formula VII. F = d (r+r')-2rr' 

9600 - 28' h .A 2120 - 4'5 mc es. 1<8. 

2X240X4X5 
240(4+5) -2 X 4> X 5 = 

EXAMPLE 5.-What is the focal length. for parallel rays. of a plano.coll· 
vex lens whose radius of curvatllre is 10 inches and thickness i an inch, 
the rays faUing on the convex side? 

SOLUTION. 

Formula IV. F:::::21'-lt=2 X 10-t of t=20-1=19t inches. 
EXAMPLE 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 P 

SOLUTION. 

2drr' 2X20XllX9 
Formula VII. F= d(r+r')~ = 20(1l+1l)-2X 11 X9 

3960 , 202 = 19'6 mchee. Am. 

EXAMPLB 't.-What is the virtual focal length of a concavo·convex lens 
whose radH of curvature are 11 and'1 inches, the rays emanating from a 
point /; feet before the lens P 

SOLUTION, 

IIdrr' 
Formula XIII. F = d(r-r')+2rr' 

9240 'h' 894 = 23'45 mc es • ... na, 

2X60XllY.'1 = 
60 (11-7) + 2 X 11X'1 
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EXERCISE. 

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

Ans. t'l 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 P Ans. 4'1379 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 2~ feet from the lens P A-M. 16'55 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. t 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 P Ana. t inches. 

14. What is the focal length of a meniscus whose radii of curvature aTe 
S~ and st inches, for rays diverging from a point 40 inches before the lens? 

Ans. 37{'/r inches. 

15. What is the focal length of a double 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 P Ans. 15lf. 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 f"et from 
the lens P Ans. 67'107 inches. 

17. What is the focal length, for parallel ray~, of a plano-convex lens 
whose radius of curvature is 20 inches and thickness H inches, the rays 
heing incident upon its convex surface? Ana. 39 inches. 

18. What is the foca1length of a concavo-convex lens whose radii of cur
vature are 1~ and 16 inches, for incident rays con verging towards a point 
100 inches from the lens? Ans. 8 2~ ~ inches. 

19. What is the focal length of a plano-convex lens, for parallel rays, the 
radius of curvature of the lens being 30 inches and the plane face being 
"xposed to the rays? An6.80 inchel. 



FOR1tIATION OF IlIfAGES BY LENSES. 115 

LECTURE XXI. 
FORZIIATION OF n.IAGES BY LENSES, MAGNIFYING 

POWER OF LENSES, SPHERICAL ABERRATION, 
CHROMATIC ABERRATION. 

278. Images are formed by lenses in precisely the same man
ner as by mirrors, and are, like those produced by the latter, 
either real or virtual. 

279. The formation of an image by a convex lens may be 
understood by a reference to the accompanying figure. 

A B is an object on 
one side of the lens, 
L M, and further reo 
moved from it than its 
principalfocus,F. AU 
the rays that emanate 
from A, as Aea,Aca, 
A d a, are made to 
converge to a focus, a, 
where they pa.int an 
image of the point A· 
Similarly all the rays 

Fig. 36. 

L 

that proceed from B lire nnitcd in the point b, and thua 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. 3'1, the rays diverge on leaving the lens, 
and Corm a virtual, magnified, and erect image on the same side 
as the objeet and more remote from tha lens. 

Let A B be an object Fig. 37. 
placed before the lens, LX, 
and within its focus. Then 
all the ra.ys that emanate 
from A, as .A. B F, A c a', 

A d a', are retracted by -+-----=--:1~~~1~<~)i:~7-
their passage through the ::; 
lens and appear to pro
ceed from a. Similarly 
the rays from B, as B d F. i 
Be b', B e b', appear to proceed from b~ The result is that an eye placed 
at F receives the rays of light is.uing from the object A B as through 
they proceeded from a b. 
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XOTE.-.\S lhe image a b and the object A B both Bubtend the same 
angle. a c b. to the eye, and the former is more remote, it is or 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 lensj the 
image recedes, and vice versa. 

V. \\,,11en the object is in the focus of the cop.vex lens, the 
rays are refracted parallel, and the image is infinitely 
distant. 

VI. When the object is more remote from the convex lens than 
itl focus, the image is 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. 

VIII. 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 or LENSES. 

283. The apparent size of an object depends upon the angle 
at which it is seen, because the eye judges of the magnitude of 
an object by tbe 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°, &0. 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 a man be placed at the distance of Bay 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 briIlg him 400 times 
nearer to the eye, and it has hellce 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 35 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 magnitude 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 400 times nearer 

, I 
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the eye, its apparent magnitude will be incre~sed {~Q. == 57+ 
times. 

287. The distance of distinct vision i8, for most persons, about 
10 inches, i. e. unaided by glasses they perceive a small object 
when placed at that distanoe 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 D,n 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 a state of parallelism, we magnify the image 
without militating against its clearness. Now we have seen 
that when the rays emanate from the focus of any lens they emerge 
parallel,so that when an object or the image of ope is placed in the 
focus of a lens held close to the eye and havipg ashort focal length 
the rays will enter the eye under the conditiollS 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 is equal 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 lens at 
its 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, C K, D P, EM. Let 
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C k and D p be inci- Fig. 38. 
dent upon the lens B ___ ~L 

very near its princi- ~ 
pal axis, .!1mnF, c 7<~ ~r. 
and let F be their -1; ,_~ F - : 
focus after refrae- .. 
tion i also let B L % ___ --::-'::'" 
and E L be incident M 

near the edge of the lens i 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 Mf and Lf be con
tinued tijl they meet G H, a plane perpendicular to the line .!1 F, 
then 

The distance F f is called tbe 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 :-

1. In a plano-convex lens, placed as in Fig. 38, the aberration 
is equal to 4'5 times m n, the thickness of the lens. 

II. In a plano-convex lens with its convex side exposed to tbe 
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 having its 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, but is 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 aretoeach other as I to 6. When the more 
convex side of such a. lens is exposed to the pa.rallel rays, 
the aberration is only 1'07 of the thickness j but when the 
flatter side is thus exposed, the aberration is as much as 
3'45 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 that emanate 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 j 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 entl'r the lens that would fall upon its middle part j 
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-con vex 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. Wilen a ray of ordinary white light is refracted by a 
lens of any form, consisting of a aingle refracting medium as 
glass or a gem, it is decomposed as by a prism, and dispersed 
into a more or less perfect spectrum. It follows that when a 
single lens i5 placed before an obj~ct, the rays of white light pro
ceeding from the latter are decomposed. The violet rays, being 
most refrangible, are rpfracted to a focns nearer to the lens than 
the focus of the yellow rays, and thl'se latter nearer than that of 
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the reu ray.;. The image formed by such a lens is coloureu 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 was led 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 have 
very nearly the same index of refraction, yet the dispersive 
power of the latter is nl'arly twice that of the former. This 
circumstance enables us to correct chromatic aberration. 

296. 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. It is 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. 

NOTE.-The combination employed to produce achromatism overcomes 
also to a eertain extent the spherical aberration of the lells. 
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LEUTURE XXII. 

OPTICAL INSTRUMENTS. 

THE SIMPLE MICROSCOPE, THE COMPOUND MICRO
SCOPE, THE TELESCOPE, THE MAGIC LANTERN, 
THE CAMERA OBSCURA. 

297. A ~fICIlOSCOPE (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. 

299. A SIMPLE MICROSCOPE 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 indistinct. (See 
Arts 280, 287.) 

NOTE.-Two or three or more lenses may be combined 80 as to act 
as a 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 glaas 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 a brass cup or tube 
and separated by a diaphragm of blackened wood. 
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VItI. The Coddington lens, the most perfect of all siml'lc 
microscopes, consists of a spherical lens with its equa
torial portions ground away so as to limit the central 
aperture. 

301. A COMPOUND MICROSCOPE consists 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, lrI M, to be examined. being placed a 
short distance beyond the Fig. 39. 
principal focus of the ob. 
ject'glass, .A. B, a magni-

111. __ .,,1: 
fied inverted image is 
formed at m n. A second &. 
lens, the eye'glass, being ~~~~I--+
so placed that this image 
shall fall in its principal ~'I' 
focus, acts as a simple '" 
miroscope in enlarging the image. Com monly, howevcr, a third lens, E F 
called the fleld.glass, is placed between the object.glass, A. B, and the eye· 
glass, C D. It bas the eWect of intercepting the extreme pencils of light 
m, n, which would otherwise not have fallen on the eye-glass. 

N oTE.-The lens A B is called the object.glass or objective, the lens E F 
thejield'glass, and the lens CD 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 apel·ture 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 .. the lens and the distance of the 
object. 
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NOTE.-'l'ile prilleipal English manufacturers of ruie.roscopes arc twss. 
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. ... .................. ... 270 angular aperturf'. 
~ II ............... "........ 600 It 

~ U ......................... 11a") 
I " ,,-
:,J2 (I 

......................... 107'::" 

......................... 13:;n 

304. The following are the principal rules with regard to the 
power of a microscope :-

I. The illuminating power ,aries nearly as the square of the 
angular aperture. 

II. The penetrating power varies directly as the angular 
aperture. 

III. The visual power >aries as the square root of the angular 
aperture. 

IV. The disturbance 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 SOLAR I1fICRosCOPE is simply a variety of magic lan
tern (Art. 314) in which the light of the sun is thrown by an 
inclined 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 tlms be exhibited to many persons at the 
same time. 

306. THE OXY-HYDROGEN }IICROSCOPE differs from a solar mI
croscope merely in employing the light obtained by casting a 
burning jet of a mixture of hydrogen and oxygen gases upon a. 
piece of chalk or lime. As in the case of the solar microscope 
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the image i$ cast upon a screen, and so as to be ,·icwcu l,y 
many persons at once. 

307. The magnifying power of a microscope may be computed 
as follows: Let d = distance of distinct vision = 10 inches, 
p = magnifying power of lens, and I = focal length of lens. 

Tben for a simple microscope or a magnifying lens p =!:..... 
f 

EXAMPLE I.-What is the magnifying power of a lens whose focal 
length is t of an inch? 

SOLUTION. 

d 10 
P = f = T = 50 linear, or 50~ = 2500 superficial dimensions. 

EXAMPLE 2.-What is the magnifying power of a simple micros('ope 
whose focal length is ,lo of an inch? 

SOLUTION. 

d 10 
P = f = to = 300 linear, or 3002 = 90000 superficial dimensiol1~. 

For a compound microscope, find the magnifying power of the 
objective by dividing the distance of the image formed by it by 
the distance oj the object, and multiply the result by the magnify
ing power oj the eye-piece as obtained above. 

EXAMPLE S.-In a compound microscope the object is placed { of an inch 
from tbe objective, and the eye·glass has a focal length of i of all inch, the 
distance between the objective and the focus of the eye.glass being 8 inches, 
w hat are the linear and Ruperfieial magnifying powers of the microscope P 

SOLUTION. 

8 inches + i = 64 = linear magnifying power of objective, 
d 10 40 

P = f = T = "3 = 13t = linear magnifying power of eye.glass, 

Then 64 X 13l= 853}=linear, and (853i) 2 = 728177~ = superficial mag. 
nlfying power of the combination. 

EXERCISE. 

4. What is the magnifying power of a lens whose focal length is i of an 
inch P Ans. 261 linear dimensions. 

5. What is the magnifying power of a ,simple microscope whose focal 
length is t inch to a person whose limit of distinct vision is 7 inches? 

Ana. 28 linear dimensions. 
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6. What is the magnifying power to a good eye of a compouud micro, 
scope, having an eye-piece! inch focal length, the object being placed l of an 
inch from the objective and the distance between the objective and the 
focus of the eye-piece 6 inches? What would be the magnifying power to 
a person whose limit of vision is only 6 inches P 

An8. (1) 480 linear dimensions. 
(2) 288 linear dimensions. 

7. The eye-piece of a microscope has a focal length of ~- of an inch, the 
object is placed f of an inch from the objective and the distance between 
this latter and the focus of the eye-piece i~ 11 inches. What is the magni-
fying power of the instrument? Ans. 102Rilinear dimensions. 

S. A near.sighted person whose limit of distinct vision is only 4! inches, 
uses a compound microscope with an eye.piece t inch focalleugth, the 
object being t inch from the objective and the focns of the eye·glass 8 inches 
from the objective. What, to him, is the magnifying power of the instru· 
ment? A.ns. 192 linear dimensions. 

THE TELESCOPE. 

308. TELESCOPES (from tele, "far off," and skopeo, /I 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 in,ented in the thirteenth century, and was 
introduced into England by Roger Bacon. Jame~ Gregory was the first to 
describe, and Sir Isaac Newton the first to construct, a reflecting telescope. 

309. THE 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 dist.ant object is formed by the object-glass in the 
focus of the eye-glass, and this latter magnifies it, and transmits 
the rays in a state of parallelism to the eye. The astronomical 
telescope always gi,es an inverted image, and its power is 
found by dividing the focal length of the object-glass by the 
focal length of the eye-glass. (See Fig. 40.) 

310. THE TELESCOPE OF GALILEO (used in IG09 and the oldest 
in form) consists of a double convex lens of long focus, used as 
an object-glass, and 11. concave lens of ahort focus as eye-piece. 
The lenses are placed at a distance n.part equal to the difference 
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of their principal foci. The light from a distant object col
lected by the large surface of the convex lens is converged 
towards a focus beyond the concan 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. 

NOTE I.-The telescope of Galileo gives an erect and very clear image of 
the object, bnt, owing to the divergence of the rays throngh the eye-glass, 
the field of view is small. 

NOTE 2.-The opera-glass consists of two small 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
glass. It has 10"'- magnifying power, but coucentrates a large number of 
the rays pmitted 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 sholvn in Fig. 40. If the lenses E F and 
G H be removed, and the eye placed at L, we have the astronomical tele
scope and $ee the image inverted. The lense E F serves to erect the 

Fig. 40. 

~ 
N ]I D F n· , 

image, but it, at the same time, renders the rays convergent; the second 
lens, G H, throws these rays into a state of parallelism, and they reach the 
eye in the condition requisite for distinct vision. 

312. REILECTING TELESCOPES are of various forms, and are 
named after their inventors. They are used almost exclusively 
for astronomiCII.l purposes, and many of them are of very great 
power. The instrument described by Gregory, and hence called 
the GRJilGORIAN TELESCOPJil consists of a concave mirror having 
the centre cut away. The rays of light emanating from a dis
tant object ,are collected by this, and reflected so as to form an 
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inverted image. They are then received 011 a small COllClWt! 

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 NEWTONIAN 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 to form an image 
on the side of the tube. This image is, as before, properly mag
nified by an eye-piece. 

HERBCHELL'S TELESCOPE consists of a metallic speculum set in a 
tube with its axis inclined towards the side of the latter, so as 
to cast the image (of course inverted) outside of the tube. 
The image is then examined by aid of a ma.gnifier. 

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 I.-Newton was the first to constrnct a reflecting telescope, and the 
one made with his own hands is yet in the possession of the Royal So· 
ciety. Sir William Herschel constructed 200 seven·feet Newtonian reflect. 
ing telescopcs, 150 tf1n·feet, and 80 twenty.feet focal length. He finished his 
great telescope, 40 feet in length, on thc 27th August,1789. and on the same 
day discovered with it the sixth satellite of Saturn. Its speculum was 49i 
inches in diameter and weighed 2118Ibs. 

NOTE 2.-Thc celebrated telescope of Lord Rosse is the largest reflecting 
telescope ever constructed. It was several years in hcing made and was 
completed in 18i5. The tube is of wood hooped with iron, and is 7 feet in 
diameter and 54 feet 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 jJ" of an inch in diameter, 
the speCUlum is 720 times as great 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 s 
measure, account for the remarkable power of the instrument. 

313. The lenses employed in good astronomical telescopes 
require to be achromatic, and it is difficult to obtain them of 
large size. This arises from the fact, that, as before explained, 
the achromatic lens consists of a convex lens of crown-glass 
combined with a concftve 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 Haws, veins, and other imperfec
tions. 

NOTE I.-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 retlecting 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 tlint.glass 29 inches in diameter, 2! inches thick, weighing 
200 Ibs., and so free from imperfectious as to be very nearly faultless. 
When combined with a crown.glass lens into an achromatio 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 a 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 equa.! to the 
square root or 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, :e = the amount of light transmitted by each lens, comn.only about 
!-o, V=visual power, P = penetrating power, I=illuminating power, 
and M = magnifying power. 

Theil M = local length olobject.glass . I _ IJ2 :e" . 
foca.) length of eye glass ' - d2' 

P - 1IJ2:e"_D -. V .1- §MDdx' ~i -ydfi""-(iYX"' =vMP=t S 

314. THE MAGIC LANTERN is an instrument used for projecting 
on a screen a magnified image of an oh~ct pninted in tranRpn
rent colors on glass. 

/ 



130 THE lIU.GIC LANTERN. 

Fig. 41. 

It consists essentially of a dark chamber or tin box, A A', which contains 
the source of illumination, the lenses, &c. The parabolic reflector, p q, 
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 into e d. The 
rays proceeding from the strongly illuminated object pass through a second • 
convex lens, n, by which they are converged upon a screen, so as to give a 
magnified image. (See Art. 279.) 

315. The magnifying power of the 1I1agic Lantern is equal to 
the distance of the screen from the lens, n, 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 
len3, n, remains unchanged, the brilliancy of the picture decreases 
as its size is enlarged. 

X OTE.-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). lfwe 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. S.-It is advisable, when possible, to cast the picture on a white 
wall. as then all the rays are reHected 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 soen 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. 

316. THE CAllER.&. OBSCUR.&. ("dark chamber"), in its common 
form, consists of a box, Fig. Fig. 42. 
42, with a convex lens, C, 

which receives the light ~ 
proceeding from an external . A. 11 

object, and refracts it diver-. ~ 
gently upon a plane reflector, __ 
.11, placed at an angle of C 

450 to the top of the box. • -,,========!.I 
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 distinct and vivid with all its natural colors, the 
uternal 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 C is moveable by a rack and pinion adjustment, so 
as to bring it to a focus, and the i1nll8e is received upon a prepared plate 
placed vertically in the chamber. 

LECTURE XXIII. 
THE EYE AND VISION. 

317. Tn HUMAN EYE is a most perfect and wonderful optical 
instrument. It is globular in form, is placed in a deep bony • 
socket called the orbit, and is further protected by eyelids, eye-
la.hes, 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 :-

I. The Sclerotic Coat and the Cornea. ~ 
II. The Choroid coat. 

III. The Retina and Optic Nerve. 

The three coats of 
the eye. 
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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. THE SCLEROTIC COAT (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 CORNEA (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 j it 
is, however, 80 firmly united to the sclerotic that they are com. 
monly taken as one. 

320. THEdHOROID COAT (clwra," a region") is a. strongmem
brane consisting chiefly of blood-vessels and nerves. It lines the 
sclerotic coat and is covered anteriorly by the pigmentu7TI nigrU7n, 
or black pigment, a layer of cells which have 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. 

322. The IRIS (iris, " a rainbow") is a rq~mbrane 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 an~ contraction by menns 
of certain fibres of the iris. 
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323. THE CRYSTALLINE LENS is placed bebind tbe iris and very 
near to it. It resembles tbick jelly or soft gristle in consistence, 
but being placed in a membrane or capsule so as to bave tbe 
form of a. lens, it receives its common name. It is, bowever, 
sometimes spoken of as the crystalline humor. The crystal
line lens is more convex in front tban bebind, 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 tbe cboroid coat and 
known as tbe ciliary processes. 

324. The part of tbe eye between the iris and the cornea is 
called tbe anterior chamber of tbe eye to distinguish it from tbe 
part between tbe iris and the lens, which is called tbe posterior 
chamber of tbe eye. 

325. THE AQUEOUS HUMOR ( aqua" water") is a tbin watery 
fluid wbich fills the whole of the eye between the cornea and 
tbe lens, so that it fills tbe unoccupied space botb before and 
behind the iris. 

326. TlIE VITREOUS HUMOR (vitreum II glass") is a denser fluid, 
having the appearance and consistence of the white of a raw 
egg. It fills the large chamber behind the crystalline lens, and 
consequently constitutes the bulk of tbe eye. 

327. Tbe external appendages of the eye consist of the eye
brow, the eyelids, the eyelashes, and tbe conjunctiva. The eye 
brow serves to protect the eye from falling dust, and bence it 
becomes very long and bushy in millers and otbers 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, so 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 tr~nsparent 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 nictitating 
membrane; it is frequently swept over the eye to cleanse it, and being 
semi.transparent, serves when required, to protect the eye from the too 
powerful rays of light without interfering with the power of vision. 

328. The Lachrymal Gland (lachryma "a tear ") lies belleath 
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 
keel'S it moist. Except during the act of weeping the fluid is drawn 
off as fast as formed. This is accomplished by the lachrymal 
ducts, two small tubes, one opening on the inner corner of each 
lid, which collect the moisture and convey it into a reservoir 
palled the lachrymal sac, upon the side of the upper paft of the 
nose j 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 parts 
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. 

330. The functions of the several parts of the eye proper are 

as follows :-

1. The convex cornea collects the rays of light, emanating 
froom an object, and to some extent converges them through the 
pupil upon the crystalline 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 
as 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. 

NOTB.-The pupil in man is circular and contracts circularly-varyin~ 
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 
Bome 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 
IlOntract 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 as to allow the 
admitted rays of light to fall only upon the centre of the 
crystalline lens . 

. 332. 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, va.ries with the distance of the object, and that in 
the telescope, the microscope and other optical instruments some 
mecha.nical 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, supposed 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. 

NOTE.-Care should be taken by persons who wear spectacles always to 
employ lense8 whose power is uot too great, as such have a tendency to 
increase rather than remedy the imperfection of the eye. 

335. LONG SIGHTEDNESS 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 iii indis
tinct. Long sightedness is remedied by the use of convex glasses 
which assist the eye in bringing the rays to a focns 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. 

II. The object must be sufficiently illuminated to produce a 
distinct impres3ion on the retina. 

III. Distinct vision is obtained only by rays that are sensibly 
parallel or very slightly divergent. 

NOTE I.-The minimum limit of distinct vision varies in different eyes
being commonly about 10 inches but in some as low as 3 inches. The 
maximum distance to which au object may be seen varies with its size, 
color, and degree of illumination. A white object ilhuninated by the light 
of the SUII call be ~een by a gooJ. eye to the di8tance of 17250 times its own 
diameter. a 1"',1 object ahout half as far. anu a hlue on" somewhere ahout 
one-thil'u as fal'_ 

The ui8t:1nCe to which:1o eye can peoetrat" uepends, however, very mnch 
upon habit and training. As a general rule u:1l'k-colored eyes can see 
farther than light.colored ones. 
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NOTE 2.-Tlw ((l}p{/.~'nt b,.i!/hfnps.. of t.h/) object r"mains constallt 

whatever way be its oistauC'e from Uw ",\'c. 1.'his nri-.:rs from the fact that 
althollgh the amollnt of light rccei vcd by the c.ve from the object varies 
iuverselyas the square of the distance of the object, the superficial dimen
sions at the image au the retina also varies inversely as the square of the 
distance, hence as the amouut of light received decrcascs the sp3()e over 
which it is spread decreases iu the same proportion, 

NOTE a.-When the eye is adjusted for vieWiug an object at the distance 
say or8 or 10 inches from it, the pupil is contracted to about -(0 of an inch, so 
that the cone of light entering the eye from any point of the object will 
have au angular divergence of oulyabout half a degree. Hence it is evi
dent that the rays that produce distinct vision arc eithm' parallel or very 
slightly divergent. 

337. The mode in which an inverted image gives us the idea 
of an erect object has long been a matter of much discllssion 
among scientific men. The simple explanation appears to be 
that up and down, with reference to the image formed on 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, &c. 

339. ~rany 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 single 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 the retina and although there are two images depicted of the 
same object, the mind instinctively acquires the idea of but one 
object. 

N OTB.-If one eye be forr.ed a. little to one side by pressure with the 
finger, an object exa.mlned by both eyes will appear double • 

• 
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340. An impression on the retina is not instantaneously mo.. de 
nor does it instantaneously die out. The former is shown by 
the fact that we cannot see a rifle 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 sense 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 tii to ! of a 
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. 

342. THE SIMPLEl 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 have this simple eye,mounted on the tip ofa.long 
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 as 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. In one species of beetle the eye 
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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 offacettes 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 ATMOSPHERlt 

343. The diffused 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 
flne 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. 

NOTB.-The evelling and morning red depeuds in all probability upon 
the vapour contained in the air. 

345. TWILIGHT 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 180 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 eea, above their true level. Thus, islands and 
vessels seem raised above the water, or very distant vessels 
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appear above the horizon. In all these cases the appearance is 
due to extraordinary atmospheric refraction. 

NOTE.-Occasional1ya vessel appears suspended in the clouds with au 
inverted image beneath it-producing an appearance known astheFata 
.Jforgana. 

347. THE 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 has, 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. THill RAINBOW consists of one or more circular arcs ofpris

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 0. screen on which the bow is depicted. When the bow 
is double, i. e. when two bows are seen, the inner or 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 j in the secondary bow this 
order of colors is reversed. The inner bow is not seen when 
the sun is more than 42 0 above the horizon, and the outer 
one does not appear when the elevation of the sun is more than 
64 0

• When the sun is in the horizon both bows extend to 
semicircles but become smaller arcs of a circle as he is higher 
above the horizon. 
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350. Tbe rainbow is caused by tbe refractions and reflections 
ofligbt by tbe falling drops of rain. In tbe primary bow there 
is one reflection and two refractions and in tbe secondary there 
are two reflections and two refractions. 

Let 0 P be a line drawn from the eye of the observer to the ('.entre of the 
rainbows, and Jet A, 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 acai n passing out of the drop they are refracted to the 
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eye at 0, and, since the red is refracted least and the violet most, the red 
will fonn the outer color of the spectrum perceived by the eye, and the 
violet the lower or innennost 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 0 equal to the angle A 0 P or the angle FOP; those only ran 
reflect violet to the eye that make angles equal to COP or D 0 F, &c., 
and these drop~ must necessarily be for the moment in the arc of a circle 
having P for its centre. 

351. HALOES are prismatic rings occasionally seen around 
the sun and varying from 20 to 450 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 caused by 
reflection of light from the external surface of watery vapour 
floating across the face of the moon. 

353. P ARHELIA (false suns, sun dogs) are bands oflight which 
are sometimes seen surrounding the sun and sometimes passing 
through it. They are attributed to refl.ection 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 
A B (blackened at the back) at all angle of 5~ 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 54!0 fall upon a second 
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plane glass plate C D (also blackened at the back) paraUel to A B 
the ray be wiU be incident on 0 D at an angle of 5~Q. In this position of 
the plates their planes Fig. 44. 
of rellection are coin
cident and the ray be 
will be rellected like 
any ray of ordinary 
light, but if we turn 
the plate C D in such 
a manner that the ray 
be fOI"lIlB the axis of 
rotation, the angle of 
incidence will remain 
the same, but the par
allelism of the mirrors 
will cease and conse
quently their planes of 

B 

c 

rellection will no longer be coincident. Under these circumstances we 
shaU find that, while revolving the plate 0 D. the brilliancy of tbe twice 
rellected ligbt alternately dies out and is renewed. When the plate 0 D is 
turned 90. or a quarter round, tbe ray be is no longer reflected from tbe 
plate 0 D as it would be were it a ray of ordinary light; when we have 
revolved the plate 0 D, 1800 or balf round, the planes of reflection of the 
plates are again coincident and tbe ray be is totally reflected; when the 
plate CD has been revolved 2700 or three quarters round, their planes of 
rellection are once more at rigbt angles to one another and the ray be is 
not rellected at all; and so on. Of course at intermediate points of revolu
tion the ray is partially rellected. 

355. It appears then that when a ray of' common light has 
suffered reflection from a glass surface at an angle of 54!0, 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 these circumstances the 
ray of light is said to be polari:ed. 

NOTB.-The Plane of polarization is the plane in which the ray can be 
completely rellected by the second mirror, and is, of course, coincident with 
the plane of redection from the first mirror. 

356 . .A. POLARISCOPE or polari:ing 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. Polaris copes are of va.rious 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 single 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 pla.tes '/0 of an inch in thickness and two of these be taken a.nd 
polished they exhibit with grea.t bea.uty the property of polarizing light. 
The light is readily transmitted through either pla.te separately or through 
both when they a.re held lengthwise parallel to one another, but if the 
second plate is made to cross the first it totally obstructs the light. 

A tourmaline platc therefore affords a means of polarizing light and also 
of determining whether a ray has already becn polarized by other mea.ns. 
When used for the latter purpose the plate of tourmaline, or other snita.ble 
substance is called au 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 paraliel 
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 sur
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. ELLIPTICAL 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 hits now become a most reliable 
means of investigation in the hands of the analytical chemist 
as it often enables him to detect the slightest adulteration in a 
solution. 

DOUBLE REFRAOTION. 

364. By Double Refraction, we mean a property possesaed by 
certain crystals, as Iceland spar, of splitting or dividing a single 
incident ray into two emergent ones. 

Thus, when a orystal of Iceland spar is laid upon a dark line on paper, it 
conveys to the eye the impression of two parallel lines removed frow one 
another by a small intervening space. 

365. A crystal of Iceland spar is rhombohedral in form and 
a 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 ordina~y ray lies nearer to the principal axis than 
the extraordinftry ray are called Negative Crystals. 

NOTE.-Some crystals have two axes of double refraction, as for cxamp]p, 
mica., topas, gypsum, uitrato of pota,h, &c. 
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367. When the two rays that emerge from a crystal of Ice
land spar or other crystal possessing the power of double reo 
fraction are examined, they are both found to consist of light 
totally polarized-the one being polarized at right angles to the 
other. Hence the various ways by which light may be polarized 
are reflection, refraction, absorption and double refraction. 

NOTE i.-A crystal of Iceland spar or one of tourmaline 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 field of view, as it transmits only the extraordinary ray. 

NOTE 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 a 
conventional sense only. 

369. When a rod of glass or of sealing-wax is smartly 
rubbed for a few moments by a piece of warm flannel or silk, it 
acquires the power of acting upon light bodi~s, 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 faint light is seen 
to follow the track of the rubber, and this is accompanied by 
a crackling noise. 

These are the fundamental phenomena of electricity. 

370. 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. 
~ THALES, of Miletus, discovered that amber, when excited 

by friction, attracts light substances. 

371. THIIIOPHRASTUS, a pupil of Aristotle, noticed the electric 
. properties of the mineral called tourmaline. 

PLINY and ARISTOTLIII 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. GILBIIIRT, 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. ROBT. BOYLE, added to the number of electrics, and 
discovered the electric light emitted by the diamond 
when rubbed in the dark. 

OTTO GUERICKE, in Germany, contemporary with Mr. 
Boyle, mounted a globe of sulphur upon an axis, 
and thus procured electricity in greater quan
tities. He also discovered electrical repulsion. 

SIR ISAAC NEWTON discovered that glass does not pre
vent electrical attraction and repulsion. 

1709. MR. HAWKSBEE mounted a glass instead of a sulphur 
globe. 
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1729. MR. STEPHEN GRAY, of the London Charter-House, lint 
observed the fact that some substances are conductors, 
and others non-conductors, and hence he discovered 
method of insulating bodies. 

1735. Du FAY, inferred the existence of two fluids, to which 
he gave the names of Vitreous and Resinous Electri-
cities. 

1742. PROFESSOR BOZB, 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. 

MR. WINCKLER, of Leipsic, about the same time, sub
stituted a cushion instead of the hand, which had 
hitherto been used as a rubber to excite the globe. 

1746. PROFESSOR MUSCHENBR(ECK, of Leyden. in conjunction 
with his associate CUNEUS, by accident discovered 
that electricity could be collected in a glass vessel 
containing water. 

VON KLEIST, dean of a cathedral in Germany, made the 
same discovery simultaneously with Prof. Muschen
brreck. 

SIR W. WATSON, SMEATON, BEVIS, WILSON, and CANTON, 
all distinguished members of the Royal Society of 
London, improved and extended the discovery of 
Muschenbrreck, and gave us the Leyden Jar in its 
present form. 

1752. Dr. B. FRANKLIN discovered the identity of electricity 
and lightning j introduced points for protection j 

combined several Leyden jars into a battery j and 
gave his hypothesis of a single fluid. 

17n. CAVENDISH and (EPNIUS, investigated the hypotheses 
of Du Fay and Franklin. 

WATSON and CANTON fused metals by electricity. 

BECCARIA decomposed water by means of electricity. 
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1785. VOLTA invented the Electrophorus. 

COULOMB, by means of his torsion 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. 

PROFESSOR FARADAY and SIR W. SNOW HARRIS 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
tric, or idio-electrics. They are exhibited in the following :-

TABU OF ELECTRIca, OR NON-CONDUCTORS. 

Shellac 
Brimstone 
Amber 
Jet 
Resin 
Gums 
Gun-Cotton 
Glass 
Diamond 
Gems 
Bituminous Substances 
Silk 

Fur 
Hair 
Wool 
Feathers 
Paper 
Turpentine 
Oils 
All dry Gases 
Atmospheric Air 
Steam of high elasticity 

_ Ice at 00 Fahr., &c. 

372. Those substances which do not readily evince electricity 
under ordinary circumstances by friction, are called non-elec
tric, or an-electrics. They are shown in the following :-

TABLE OF NON-ELSCTRICB, OR CONDUCTORS. 

All Metals 
Well burned Charcoal 
Plumbago 
Acids 
Saline Fluids 
Water 

L 

Steam 
Flame 
Smoke 
Anima.l and vegetable sub

sta.nces containing mois
ture, &c. 
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373. Electrics are also called non-conductors, from the fact that 
they transmit electricity very imperfectly, but non-electrics are 
generally speaking very good conductors. Some substances be
come conductors or non-conductors by a change of temperature
thus, glass when heated to redness becomes a conductor j 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 anyone of the so called 
non-electricB if it be'insulated. 

375. A body is said to be insulated when it is supported bya 
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. 

SOUROBS 01' EXOITATION. 

376. The principal sources of electrical excitation and the 
kind of electricity developed by each are as follows: 

I. FRICTION producing Frictional, Statical, Tensional, Com
mon or Machine Electricity.-

II. CHBMICAL AOTION producing Dynamical Electricity, Voltaism 
or Galvanism. 

III. DIFFIiRENCB OF TIIlMPBttATURB in connected metallic bars
giving rise to ThermO-Electricity. 

• See Art. 391, NOTD. 

.. 
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IV. MAGNETIC ACTION developing ~Iagneto-Electricity. 

V. LIVING ANIMAL ~IATTER-Animal Electricity. 
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N oTB.-Change of form, mere contact, simple pressure, change of tem_ 
perature, &c., also give rise t1:> the manifestati9n of electrical force but 
these must be regarded as coming properly tinder the head ot one or other 
of the above five sources. 

ELECTROSCOPES. 

377. ELECTROSCOPES are 
presence of free electricity. 
are the following :-

instruments used to detect the 
The principal electroscopes in use 

1. TIIll 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. THB GOLD-LEAP 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 preseuce of the electric fluid. Fig. 45. 

III. BOHNENBEROER'S GOLD-LEAP E,LECTROSCOPE. 1=='6== 
This consists of a small Zamboni's pile' a b 
placed horizontally and having each extremity 
connected by a 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 0 n is connected by a 
wire cd 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 
o n, the leaf instantly moves to\~ard the plate, which has the 
opposite polarity. 

ELECTROMETERS. 

378. ELECTROMETERS are instruments employed to measure the 
intensity 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 compa1'e the intensities of 

• See Art. 437. 
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different accumulation~ of the fluid. The chief electrometers in r.oWllioU 
use are the following: Fig. 46. 

1. THE QUADRANT ELECTRoMETER. This consists 
of a light pith ball a attached by an exceed
ingly thin and light insulating rod f to an 
upright metallic \Jar b c. The rod m f moves 
freely round the pivot f which is the centre of 
the circle of which the graduated ivory semi
circle S is 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, 110 matter what its intensity, can repel the ball 
beyond 900

• Fig. 47. 
II. COULOMB'S TORSION ELECTROMETER consists ofa tube,ac, 

8 or 10 inches in length, having a fiat graduated plate 
at the top and terminating downwards in a glass jar 
c d. Through the tube there passes a fine thread of 
glass, or of shell· lac, or of un spun silk, which terminates 
upward in a button and index on the plate d and dOWII

wards in a horizontal bar of gum-lac, b having asmaH 
gilt pith ball p at one extremity and a paper vane 110, 

to arrrst oscillations, fixed at the other. Through 
another aperture f in the top of the glass case, a second rod of shell
lac, called the car1'ier rod, with a gilt pith ball at its extremity, is 
introduced. On the glass case there is a gradnated circle m t 110 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 previous state 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 electricity 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 200 apart we begin to turn the butto~ on the plate a back
wards we shall gradually bring the ball p nearer to the charged ball 
at the end of the ranier rod and upon thus turning the index on a 
back through 700 we shall have brought the balls within 100 of each 
other. 

Now the filament of glass or lac is twisted 100 to the right, and 700 

to the left so that its torsion is represented by 800 and heneewe have 
the numbers 20 and 10 for the relati ve values of the repulsive forces 
at the distances of 200 and 800 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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ELECTRICAL THEORIES. 

379. The theories that have been advanced in explanation of 
electrical phenomena are chiefly two, viz :-

I. The one-fluid theory or theory of Franklin. 

II. The two-fluid theory or theory of Du Fay. 

NOIE.-Or these thAories 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 a body, there ensues 
a powerful action arising from the tendency of the body to re
gain its 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 + electrified; one having less than its natural share is said to 
be negatively electrified, or-electrified. 

382. THE Two-rLULD THEORY OR THlilORY OF Du FAY assumes the ex
istence of an infinitely attenuated fluid, highly elastic and impon
derable and pervading all bodies. It is supposed to be 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 
fillids 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 commonly adopted by scien
tific men, but instead of using the terms vitreous and negatiye 
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 gla.ss 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 
a silk rubber. 

NOTE.-In th~ 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 friction 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. 

1. Catskin or Bearskin 
2. Flannel 
3. Ivory 
4. Quill 
5. Rock Crystal 
6. Flint-glass 
7. Cotton 
8. Linen Canvas 
9. White Silk 

10. Black Silk 
11. The Hand 
12. Shell-lac 
13. Wood 
14. Metal 
15. Sulphur. 

NOTB.-Of all known substances catskin is most susceptible of positiVI! 
nd, perhaps, sulphur of negative electricity. 
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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 
as 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. On a flat disc or plate, with sharp edges, the electric fluid 
illcreases in depth or quantity from the centre to the edge, but 
the increase is not regular, being mnch 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 extrilnities of points, as to acqb.ire sufficient tension to 
overcome the small a~ount of atmospheric pressure that can 
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there be exerted, and accordingly flows off in a continuous 
stream to the surrounding bodies. 

NOT E.-SO rapidly Is the fluid given off from points, that it is impossible 
to char~e the prime conductor of an electric machine, it a point be 
attached to it, or if a point be presented to it. 

INTENSITY, TENSION AND QUANTITY. 

390. By the mtensity of a charge of electricity, we mean its 
attractive foroe 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 90 charged that the second shall 
have accumulated upoMt twice as much and the third three times a~ much 
as the first then the intensities of the charges will be as I, 4 and 9; the 
squares of the numbers 1, 2 and 3. 

N OTE.-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 tension, 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. 

NOTE.-Electricity as set free by friction is of high tension, but is small 
in quantity, i. e., its mechanical 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 to be in a state of rest except at the moment of discharge. The 
origin of the names commonJrictional, and machine are obvious. 

INDUCTION. 

392. When an electrified bodyis placed near a conducting body 
in its natural state, the whole of the latter becomes oppositely elec. 
trified unless it be insulated, in which case the extremity next the 
electrified body becomes oppositely and tha.t farthest from it sim
ilarly electrified. The electricity thus acquired by the second 
body is called induced electricity, or is sl\id to be pl'Oduced by 
induct ion. 
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393. All non-conductors allow induction to take place through 
them, and are, from this circumstance, called di-electrics. 

Sir W. S. Harris gives the following list of di-electrics, in 
which it will be observed that air is the worst and shelI.-lac the 
best. 

SUBSTANCE. SPECIFIC INDUCTITE CAPACIT·r. 

Air, .•.•.•.•.••.. •.•.•.•••.... 1'00 
Rosin, .••• . . •• . • • . •• .• • • • • . . . . }·77 
Pitch,. • • . . . • . . . . . . . . . . • . . . . . . • 1 . 80 
Wax,............ •.• .•.•.. .••. 1'86 
Glass, ..••.... •....•.•••....• •• 1'90 
Sulphur, ...•.... .•.. ........ •• 1'93 
Shell-lac,. . . • . •• • . • •• •• • • . . . • • . 1'95 

394. 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 
as long as they are under the influence of the induc
tive body. 

For example. if P, Fig. 408, represent a. body cha.rged posi. 
tively, and abc 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, siuce 
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 a manner 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. 

395. Bodies similarly electrified repel each other, 
and those differently electrified attract each other, 
with a force varying inversely as the square of their distance 
apart. 

396. Electricity is transferred silently from a charged body 
by the double power of conduction and convection. When a 
body is carefully insulated lip on a resinous support, the rapidity 
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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.-Parlicles 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 is by 
far the most powerful and convenient. 

The PLATE ELECTRICAL MACHINE consists of a circular glass 

Fig. 49. 

PLATE p, of any diameter from 10 to 40 or 50 inches, a PRIME CON

PUCTOB pc, insulated on a glass pillar i, and furnished with POINTS 
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m, to collect the fluid from the revolving plate j a NEGATIVE CON

DUCTOR n c, likewise insulated on a glass pHlar b, and baving a 
metallic connection with tbe RUBBER T. A silk bag s, is made 
to enclose the lower half of tbe plate for tbe purpose of re
taining the fluid on its surface till it reaches the points m, in 
connection with the prime conductor.-The rubber, T, is com
monly formed of two cushions of buckskin stuffed with borsEl 
bair, and the degree of pressure is regulated by a small screw a, 
near tbe negative conductor. Wben tbe macbine is in action 
eitber the prime or the negative conductor is connected with 
tbe ground by a brass cbain. 

398. Tbe theory of the action of the electrical machine is, 
according to the ONE-FLUID HYPOTHESIS, as 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 as ·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. 

NOTEl:-It is 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 a portion from some other body. 

NOTE 2.-Adopting this theory we may liken the action of the electrical 
machine to the action of a 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, 
Tho plate or cylinder as the piston, 
The silk as lhe spout, Bnd 
The prime conductor as the PlI-i1, 
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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 
as 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 pointe 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 electri"city}'rom 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. 

NOTB.-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 ill the prime conductor, is infinitely great, sinc,e 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 misap
prehension. Electricity is quite as likely to be, like light and heat, a mere 
motion among the particles of matter; in which case we mnst regard the 
waves or undulations produeed 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 uecessarily 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 inllnitely great, and hence there 
will be an infinitely great amount of negative fluid to be given up to the 
revolving plate. 

Srd. 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 lUI milch 
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electricity as is contained in a vivid ftash of JightninJ.:, or, to use his own 
words, a certain electro.chemical arrangement produced" as much elec
tricity in a little more than three seconds of time as a Leyden hattery 
charged hy thirty turns of a very large and powerful plate electrical 
~ne in tull action. This qnantity, though sufficient if passed through 
the head of a rat or a eat, to have killed it as by a ftash of lightning, was 
evolved by the mutual action of 80 small a portion of zinc wire and water 
in contact with it, that the loss of weight sustained by either would be 
inappreciable by our most delic&.te instrump.nts. It would appear that 
800,000 such charges as I have referred to above, would be necessary to 
supply electricity snfficient to der~mpose a single grain of water." 

401. During the development of machine electricity a pecu
liar odour like that of phosphorus is evolved. This odour arises 
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 zinc, one of tin, and six of mercury, heated 
together in a crucible, and afterwards formed into a paste with 
lard. It is supposed that the oxidation of the amalgam aids 
the evolution of electricity. 

THE ELECTROPHORUS. 

403. The ELIi1CTROPHORUB, invented by Volta, consists of a. cir
cular metallic dish, a b, Fig. 50, 
having a rim about a third of an 
inch high. This dish is filled 

Fig. 50. 

with a mixture of 1 part Venice 
turpentine, 1 part shell-Ia.c, and 1 
part rosin, melted together at a 
gentle heat, and, after being: 
poured into the dish, allowed to ~~;;~~;;~~ 
cool gradually, so 8S to acquire (I. 

a smooth surface. A second cir-
cular conducting disc c, called the coveT, and furnished with 
an insulating glass ha~le, d, fits upon the upper surface of the 
resinous plate. 
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404. The resinous plate of the Electrophorus becomes nega
tively electrified when rubbed with dry flannel or fur. Upon 
replacing the cover, this being insulated, is acted upon induc
tively by the charged plate of resin-the positive electricity 
being attracted to the lower surface and the negatively repelled 
to the apper. Upon now presenting the knuckle to the cover a 
spark of positive electricity passes from the hand to the cover, 
so 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 tabn from the plat<', it is manifest that 
one excitation of it is sufficient, under favorable circumstauces, for the 
development of any amount of elcctricity. 

The theory of the action of the electrophorus according to the Frank
linian theory is as follows :- . 

When the plate is rubbed wit.h 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 intlu
ence of the plate, the tluid 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 LEYDEN JAR consists of a wide mouthed glass vessel 
coa.ted 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-

per, through which passes a metallic rod 
Fig. 51. terminating upwards in a brass knob, and 

connecting, by means of It wire or chain at 
the other end, with the in3ide 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 accumulating 
in themselves any electricity, When a jar 
is discharged under ordinary circumstances, 
there remains in the jar, after the first dis-
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charge, a residual charge of -FJ 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.-Iu the above figure of the Leyden jar, the tin.toil on both sides 
reaches as high as the line a h. The jar is ruscharged by making a met,.l. 
lio or other conducting connection between the outside and inside coat. 
ings. Two or more Leyden jars having their terminal knobs connected by 
wires, constitute what is called a Battery of Leyden jars. 

406. 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, c c, 
having metallic balls at their 
extremities. The wires are 
movable round a joint, a, so 
!!os to be set at a ny 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 kin dB, 
viz:-

I. The Disruptive Discharge. 
II. The ConvectIve Discharge. 

III. 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 j the Conductive discharge, in the 
conveyance of electricity from particle to particle of matter 
without any change of place among the particles themselves. 

EFFEOTS OF ELECTRICAL DISCHARGES. 

408. The effects of the electrical discharge may be classed 
as: 

I. Physiological. 
II. Chemical. 

III. Mechanical. 

409. The physiological effects are experienced when the dis
charge is transmitted through the animal body. It causes the 
muscles to contract momentarily with convulsive energy and 
produces a peculiar wrenchmg 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 Abbe Nollet sent it through a chain of 600 persons. 
In a very long cbain 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 as 
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 
seen 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 de
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 physiologicalj chemical and mechanica.l 
effects of its discha.rge. A few of the most interesting of these 
are the following :-

I. A person placed upon an in&uZltting stool, (a stool with glass legs) 
can be charged, and spa.rks call be drawn from a.ny part of his 
body. 
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11. If a person with fine 80ft hair stands upon the insnlating stool, upon 
charging him, his hair becomes repelled and stands out from his 
head in the most laughable manner. 

III. 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 gnnpowder may be ignited hy 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 aud 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 
battery will 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. Letters and 
various complicated figures can thus be shown as a full blaze of 
electrical light. Among the pieces of apparatus designed for these 
purposes are 8piral 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 elec· 
tric see-saw, the electric spider, dancing images, &c. In all 
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 other. 

XI. A metallic point is attached to the prime or negative conductor and 
the machine set in action. The following 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. 

2nd. In the d&rk, the electricity as it flows from the point 
escapes in brusnes of light of exceeding great beauty when the 
point is attached to the prime conductor, but appears u.s a bril
liant 8tal" of light when the point is attached ~othe negativ~ 
conduotor. 

• 
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XII. Tho electric discharge is sent through an exhausted receiver (in the 
form of a long tube if lIossible.) 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 
-E,aporation, 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. 

N OTE.-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 aerial electricity, 
are Thunder-storms, and Meteors j Whirlwinds,Water-spouts, and 
Earthquakes have also, by some, been attributed to electrical 
agency. 

416. THUNDER-STORMS are most common and violent in the torrid 
zone and decrease in intensity and in frequency towards the 
poles-never occurring beyond the '150 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 opPQ~ite kind in the ground immediately beneath 
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it. When two oppositely electrified clouds, or all 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 lightning. 
Ball lightning. 

418. ZIGZAG LIGHTNING is 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. SHEET LIGHTNING 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 LIGHTNING is extremely rare and exceedingly dangerous. 

NOTE.-When a highly charged thunder.cloud of great extent ap. 
proaches the earth, it induces the opposite kind of electricity ill the part 
of the earth beneath it and repels that of the same kind. Now if the 
cloud comes within striking liistance of the earth, a lIash at one extremity 
is frequently followed immediately by a flash at the other. 'fhis second 
discharge is called the rctllrn stroke, ant! is quite as dangerous as the first 
or direct discharge. 

419. As light travels 192000 miles per second and sound only 
lllS 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 occurrenr8 
of the flash and the arrival of the report, and allowing IllS ft. 
for each second, or about one mile for every five seconds. 

420. When a flash oflightning falls upon sand, its path below 
'the surface is often marked by a Fulgurite, which is 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 j 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 .to of an inch to 3! inches j the thickness of their sides 
varies from .;;" of an inch to t of an inch j the branches vary in 
length from! of an inch, to 12 inches and the main tube from ~ of 
an inch to 40 feet. • 
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421. HEAT LIGHTNING, or lightning unaccompanied by thunder, 
is produced by thc atmosphere becoming in sultry weather both 
rarefied and moist, and thus permitting silent flashes of electri
city to pass between the earth and the clouds. More commonly, 
however, heat lightning is simply the reflection, froTlt the atmo.
phere, of the lightnings of storms so remote that their thunders 
cannot be heard. 

422. LIGHTNING RODS if properly constructed afford almost 
certain protection from electric discharges during thunder-storms. 
The most perfect lightning rods are made of copper bars, i 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 i of 
an inch in diameter. 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 j 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 a 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 safeat place is in an underground cellar Of, if not 
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in a cellar, on Bome non-conducting substance as a feather hed, 
&c., and the most dangerous locality is near the fire place, as the 
smoke forms a conduoting medium for the descent of the electric 
fluid. 

424. The most remarkable meteoric phenomenon dependent 
on aerial electricity is the brilliant jet of fire so frequently seen 
upon the top-masts of ships, the pointed summits of rocks, &c. 
lt is 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. BOREALIS, 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 
connected, 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 merc local appearance. as the same 
aurora has been seen simultaneously in Europe and America. and in othcr 
places separated by several thousand miles. Their heigbt has becn varl
OIlSly 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, ETC. 

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 I.-It is developed exclusively by chemical action and possesses so 
little tensional power that it is unable to force its way through the thin
nest possible stratum ora non-conductor. 
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NOTE 2. The term Dutlamical as applied in electrical science is used in 
a peculiar sense-merely implying the tact that the fluid travels or moves 
in currents. This must be distiuctly 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. 

III. 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 ncgative conductor of an electrical machine 
he attached to the prime conductor the circuit is closed and althQugh the 
machine may he in acti(ln 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 hody. 

428. The chief points of resemblance between the two varieties 
of electricity are the following: 

1. 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 dist11rbing the electrical condi

tion of neighbouring bodies by induction. 
IV. Bodies that are conductora 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 phenomena of light 
and heat. The light manifested by common electricity 
is instantaneous 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. 

VII. Both are explicable upon the assumption of either Frank
lin's or DuFay's electric theory. 

429. The science of dynamical electricity had its origin in the 
discovery by Galvani, professor of anatomy at Pavia, of tll-e con
vulsive contractions produced in the legs of a frog by Jpaking 
a metallic connection between the muscles and the nerves. 

NOTE 1. If two metals be employed, one to touch the nerve and the 
otheJ: the muscle, upon bringing the metals theU)Selves in contact ~he con
vulsive movements are much more violent. But metallic contact is not 
essential to the production of these contractions,forGalvani found that they 
are also produced by the contact of the interior nervous matter with the 
exterior m~. So also if some recently skinned legs be thrown into a 
mixture of sa.lt and water they exhibit repeated convulsive jerks a,nd con
tractions. 

NOTE 2. The story of the accidental discovery in 1790 of these movements 
in frogs' legs prepared as a delicate morsel for Madame Galvani's ~epast is 
known to have been a pure fabrication. The professor had th~n been 
many years using frogs' legs as delicllte electroscopes ill his expepments 
upon llnimal electricity. 

430. Galvani conceived the muscular system of an aniplal to 
be positively electrified, and the nervous system, negatively, and 
that the contractions above spoken of were produced by the 
shock arising irom the reunion of the fluids through the metallic 
conductor. 

431,. Volt",. another Italian professor, continuing ~he 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 j and, alth.9ugb, electricians have 
subsequently satisfactorily shown that it is attributable solely 
to chemical action, this con,tact 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: 

176Z SULZER, in his work on "the Theory of Agreeable and 
Disagreeable Sensations II 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. 

1786 SUIGI GALVANI, of the University of Bologna, discover
ed the convulsive movements set up in frog's legs by 
contact with metals. 

1796 VOLTA, 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 II and "Couronne des tasses II 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 II or "Cou
ronne des tasses II to the world till the year 1800. 

1800 NICHOLSON and CARLISLE, of London, decomposed 
water and other compounds, by the agency of the 
voltaic battery or pile. 

1807 SIR H. DAVY succeeded in decomposing potassa and 
proving it to be the oxide of the metal, potassium. 
He subsequently decomposed other oxi!ies and thus 
discovered several new metals. 

1807 PROFESSOR <EasTED, of Copenhagen, called attention to 
the analogy between magnetism and voltaic elec
tricity and thus laid the foundation of the science of 
electro-magnetism. 

1807 M. ARAGO discovered that the electrical current pos
sesses the power of imparting magnetism to steel 
and iron, and III. Ampere announced his theory that 
magnetism is induced by circular currents around 
the magnetised body. 

~'~"-
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1830 M. AMPERE suggested the application of deflected 
needles for telegraphic purposes. 

1831 FARADAY laid the foundations of the science of mag
neto-electricity. 

1837 M. ALEXANDER, of Edinburgh, exhibited in London an 
electric telegraph on Ampere's principle, but his 
instrument was so complicated as to be useless, a 
sepa.rate 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 XXXIII. 
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. : 

I. Voltaic Piles; and 
II. Voltaic Batteries. 

434. VOLTAIC OR GALVANIC PILES consist, essentially, of an ar
rangement of metallic discs separated by discs of paper or of 
cloth. 'fhe 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 discs 
bound together by screws or packed in a glass tube. Voltaic 
piles are either: 

I. Moist Piles; or 
II. Dry Piles. 

435. The MOIST 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, al ways observing 
the order-zinc, cloth, silver, zinc, cloth, silver,-so as to have 
the bottom plate zinc and the top one silver. The outside discs 
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are each 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 DRY 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 a 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 elsewhere, the evolution of the fluid is 
due to chemical action. 

437. 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 Luo's dry 
pile. 

BATTERIES. 

438. A VOLTAIC 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 substi
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. 

NOTB.-One of the chief objections to this battery is th() tediousness 
of tilling the separate cells with the exciting liquid. It was Improved by 
Davy and Nicholson who soldered the metal\ic plates to a rod ot meta.! so 
as 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. , 

NOTB.-The battery employed by Davy in his immortal discovery of the 
meta.!s of the alka.lies (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 Qnd each plate having an 
ejfectivc surface at 22 square illches! 
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444. <ERST ED'S TROUGH consists of copper compartments 
which contain the exciting fluid and in which the zinc is placed 
so as not to touch the other metal in any part. 

445. HARE'S SPIRAL OR CALORIMOTOR is formed by rolling zinc 
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 
each or 200 square feet of active surface ill 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 sheets of 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 SULPHATE OF COPPER 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 woodell 
rings. 

447. SMEE'S BATTERY is 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 plat9 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
vol ving the use of two dissimilar metals or 
their substitutes are: 

Fig. 53. 
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1. Daniell's Constant Battery, 
II. Grove's Nitric Acid Battery, 

III. Bunsen's Carbon Battery. 

117 

449. DANIELL'S CONSTANT BATTERY consists of a copper vessel, 
C, Fig. 54, in which is placed a porous earth-
enwllre 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 
yessel 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 called 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 zinc, as they are liberated or 
formed, are deposited on the copper, and tlius 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 snrface 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. GROVID'S BATTERY con!ists of a cylinder of zinc open at 
both endsl and containing Ro porous earthenWfl,re cup in which 
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iti immersed a slip of piatinuill foil. The arrangelnent is plunged 
in an outer glass or porcelain vesse1 containing dilute Bulphuric 
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 a 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 ail 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 ill 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 comprehending the 
arrangement in which two dissimilar fluids and but one metal 
are used, includes; 

I. Becquerel's Battery, 
II. Reinsch's Charcoal Battery, 

III. Grove's Gas Battery. 

456. BECQUEREL'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 



TWO-FLtJID BATTERIES. 17'9 

of clay or some other porous substance. A strip of platinum 
having a wire attached is immersed in each arm, and upon bring
ing these wires into contact an electrical current passes. 

457. REINSCH'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 GAB BATTERY consists of a glass tube,AC, 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 next 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 
zinc snpported 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 A, and the genera
tion of hydrogen will continue Jlntil 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 electrometers, as they are termed, are 
commonly zinc, copper, and dilute sulphuric acid, or zinc, 
platinum, and dilutc sulphuric acid, many other substances may 
be employed for the production of a current of electricity. 

460. 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 pne 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. 

2. 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 zinc plate of the same kind as the first can never act 
as a conducting plate because it generates a current opposed in direction 
to thc first. But if the generating plate be of rough cast zinc, a plate or 
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 cither dilute sulphuric acid or hydrochloric acid. 
Nitric acid is objectionable on account of the production of 
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fllmes of peroxide. The acid may be used of any degree of 
strength but usually, if sulphuric acid, it is <liluted with from 
8 to 16 times its weight of water. 

LEOTURE XXXIV. 

CONDUCTORS AND NON-CONDUCTORS, OHM'S FOR
MUL..:E 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 a 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. 

463. 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. 

Coppe~ ...••••..•.. 106 Iron ........ '....... 15 
Gold............... 93 Lead........... .•.. 8 
Silver... .. .. . . .. • . . 73 Mercury ...... " .. .. 3 
Zinc................ 28 Potassium .......... , l' 
Platinum..... ...... 16 

464. 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 conduoting wire 
decreases as its sectional area increases, and hence i 

III. The resistance of a conduotor, of the same substanoe 
throughout, varies direotly as its length and inversely as its 
seotional area, or 

I 
rOC -

& 

where r = resistanoe, I = length, and s =:: seotional area of the 
conducting wire. 

NOTB.-From this it appears if we have a conducting wire of uniform 
thickness-doubling its leugth, halves the quantity conducted, &c. On the 
contrary, if the length remains unohanged, douhling the sectioual area. 
doubles the quantity conducted, &0. 

465. If I, s, c, respectively represent the length, the sectional 
area, and the conducting power of a wire of any given metal, 
and I', s', c', the same elements of a wire of a different metal i 
their resisting effects will be equal when :-

I I' 
u= s'c' 

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. 

1 l' ls'c' 
For since--sc= sIc"~ I'sc= ls'c' or 1'= sci i.e. the 

reduced length, I', 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 oj the first wire, 
and dil>iding by the product of the sectional area of the first wire 
and the relative conducting power of the metal composing it. 

OHM'S FORMULJE 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 a 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 whioh 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 ourrent to one
third, &c. 

II. 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 :-

Q OC ~ 
R 

That is, the qlLantity 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 I.-This and the following formuloo are known as Ohm's Formulro, 
and were first investigated in 1827 by the distinguished mathematician, 
whose name they hear. 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. 

N OTi 2.-lt 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 formulre 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 ce1l8. 
II. Increasing the size of each plate or cell. 

III. Increasing the length of the conducting wire, &c. 

469. The total resistance experienced by a voltaic current 
consists of two parts, viz :-
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I. The external resistance, or that offcred by the conductor 
joining the polcs, 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 r = internal 
resistance, then for a single cell, 

E 
IOC l+ r 

XOTE.-Ifthc external resistance consists in part of that afforded by a 
metallic conducting wire, and in part of that afforded by an elcetrolyzable 
liquid 1", then: 

E 
IOC--

Z+r'+r 
471. If we now regard the battery as being composed of n 

cells, perfectly similar, the electromotive force becomes nE, the 
internal resistance nr, and l, remaining thc samc 

nE 
I oc l+nr 

Dividing both numerator and denominator of this expression by 
n we find that 

E 
I oc ~+T 

It is evident that the value of the last expression increases 
with n or in other words the intensity increases with the number 
of cells in the battery. 

NOTE I.-This increase of intensity by increasing the number of cclls is 
most evident when the external resistance is great in proportion to the 
internal, while on the contrary if I is very small .!.. is very small and the . 
intensity changes but little with any increase in the number of cells in the 
battery. 

XOTE 2.-Ifl =0, I oc o;n~ or I OC nE or I oc E 
nr 'I" 

NOTE 3.-lf each added cell;is accompanied by an external resistancc equal 
to I, the intensity is not increased by increasing the nnmbcr of couples 
for, in that case, I OC ~ or I E 

nl+nr OC 1+'1" 

472. If the external resistance, I, is very great, I is very 
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small unless 7! is also very great; for if I is very great com
pared with II, .!.. is very great, and therefore E is very small. 

" ~+r 
Hence it is necessary to employ It very large number of cells in 
a compound battery when It 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 111 cells the internal resistance will 
necessarily be only the m the part of what it would be in a 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 
IrA -

l+;;' 
Hence if I be very great compared with r the intensity will 

be but little increased by enlargihg the size of the plates. 

NOTE.-If l be very small in proportion to m the intensity is m,:wh 
increased by this method and if l= 0 or be infinitely small I X. mE, 1. e. 

r 
the intensity will bp, 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., 

E 
q oc l+r .. 
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and hence in the case referred to in Art. 4'71, 
E 

qoc/+ r 
n 

and in that alluded to in Art. 473, 
E 

q oc 1+ ;;. 
When the external resistance I becomes so small as to be neg

lected .these formulae severally become 
E 

q rx -r 

It hence appears that: 

and 
mE 

q OC -r-

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. 

11. 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 also the size of the plates, 

E 
lor q rx -l-r 

;;+/; 
From which we learn that :-

If, I, the external resistance, is great, as in the electrolysis 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 toform 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 tlIat 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. 

I. To the resbttiRg power of the metal forming the wire. 

II. To the square of the quantity which passes in the current. 
Thus, if we link together platinum, silver, iron, and copper, and pass a 

cllrrent of electricity through them, the platinum, being the worst conduc
tor, becomes most neated, and the copper least. 

478. When a fine wire of platinum is 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 
in it. These platinum wires are connected to one another by means of 
copper wire, and the whole properly connected with the batteIlY. The in· 
stant the battery is set in action the pieces of platinum become snfficiently 
hot to explode, at the Same momellt, the gunpowder in every hole. 



188 LUMINOUS EFFECTS 

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 j silica, with a fine green j sodium, yellow; 
potassium, violet j strontium, red; calcium, violet-red; 
barium, reddish-yellow, &c. 

II. Sapphire, quartz, lime, slate, &c., are readily fused, and the 
earths reduced to their metallic bases. 

III. A piece of diamond placed in the charcoal cup, when the 
other pole is 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 beating power, for all solid bodies become incandescent when 
beated to about 10000 F. (Draper.) 

481. The luminous effects of the battery are Been 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) Sir 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 brillilncy. 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 electrode 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 
cor-tact, 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 a Leyden jar transmitted 
through them, it at once determines the formation of the voltaic arch
doubtless by commencing the transportation of atoms. 

NOTE 2.-ln a vacuum it is not necessary to approach the points into 
actual contact in order to commence the flow. This is owing to the rapt 
that a vacuum does not offer so 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, 
fiuor-spar and other bodies. Fraunhofer has shown that the 
spectrum formed by electric light differs from the solar spectrum 
in having a very bright line in the green and another rather 
bright· one in the red. 

Non:.-By means ot an arrangement called" Duboscq's photo-electrio 
lantern" the electric light may be used to replace the SUll in all experi
ments requiring simply a strong White light. It is preferred to solar light 
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for taking microscopic photographs. Fizeau and Foueault have. in com
paring the photographic powcr of the voltaic arch with that of the suu· 
found that a double series of 92 carbon couples gave an effect t 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 Tlti that of the sun. Bunsen fOlmd 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 I.-It 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 dangerous or even fatal results. 
""hen the shock is sent through a chain of many persous 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 roari,ng 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 renewed. 

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: 

I. ELECTRODE (electron, "electricity," and hodos, "a way,") 
corresponds to the old term pole or terminal wire. The negative 
electrode is 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 (ana" upwards," "as the sun rises," and hodos) is 
the side of a substance or decomposing cell by which the current 
enters. 

III. Cathod (kata " downwards," " as the sun sets," and hodos) 
is the side of the body or decomposing cell by which the current 
flows out. 
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:N"OTE.-Let a person8uppose himself to be standillgwith his face tuwards 

the north, fronting a battery placed on the ground with its positive end to 
the east, and the wires bent in the form of an arch in the direction which 
tbe sun takes in his daily motion; let him further suppose that the terminal 
wires instead of joining, pass into a decomposing ('ell; then tbe cUn'ent 
will pass out at the eastern side, will flow over to the west cnd, and again 
enter the battery. 

The positive electrode is the eastern or right·hand side 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. ELECTROLYSIS (electron" electricity," and luo "I loosen,") 
is the term applied to the chemical decomposition of a body by 
means of electrical agency. 

V. ELECTROLYTES (same derivation) are bodies susceptible of 
~t)composition by electricity. 

VI. IONS (ion neuter of eimi " to go,") are the chemical con
stituents of the electrolyte. 

VII. ANIONS (ana and ion) are the ions that go to the anode 
and consequently correspond to what are otherwise called electro
negative bodies. 

VIII. CATIONS (kata 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 56. 
is exhibited in Fig. 56, which consists of two 
tnbes filled with water and inverted in a glass jar. 
The terminal wires of the battery (marked + 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 snlphuric 
acid in order to render it a better conductor. Upon 
translllittillg 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 
the tubes by displa.cing the water. After continuing 
the exJ\eriment for a short time it will !)e seen that 
twice as much gas is evolved at the - electrode as 
at the + electrode, hence proving ,that water is a 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 tbe cabbage infusion and the 
metal appears as a basic oxide at the negative pole producing 
the same green tint as before. 

NOTE 1.-on accoullt of oppositely electrified bodies attracting one au· 
other the constituent which goes to the positive pole is called the electro· 
negative body aud vice versd. 

NOTE 2.-Bodies differ very much in the degree of facility with which 
they suffer decomposition by the agency of electricity. Thus: 

Iodide of Potassium iu solution ..•....... } 
Fused Chloride of. Silver ... :.................. are very easily decomposed. 
Fused Proto-chlonde of Tm .....•.......... 
Cbloride of Lead fused ........•............... 1 
Iodide of Lead fused .....•...............• , ... ~ are electrolyzed with more 
Hydrochloric acid" .... , .. , .............. , .. , .. ,J difficulty. 
Dilute Sulphuric Acid ........................ . 

NOTE 3.-Xo body is clectrolizable exceptwhcn fluid, i. e. either dissolved 
or melted. The same element or constituent is not invariably electro·ne· 
gative or electro.positive. Thus, hydrogen is highly clectro.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 principa.l laws of electrolysis, are known under the 
title of Faraday's Laws of Definite .!lction; they are as follows;-

I. The quantity of a given electrolyte resolvable into its 
ions by electrolysis depends solely upon the quantity 
of the electric fluid which passes into it-being quite 
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 iODS are separated in 
atomic proportions) and when tllP 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 combin-ed gases set free 
as 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 ELECTRO-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 oompounds 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 precipitation of metals from 
their salts in solution. • 
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495. The most simple form of electrotype ap- Fig. 5'1. 
paratus is shown in Fig. 57. In a glass 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 Bulphuric acid. 

The medal to be copied, or the substance to be 
coated with the deposited metal, is suspended 
in the metallic solution by a wire attached to 
a zinc 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 l.-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 ar(l 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.-ln the electro-plating process by silver or gold, the metallic 
solution employed is alkaline instead of acid. Even alloys as brass, bronze, 
german silver, &e., 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 ;-

1. VOLTA'S CONTACT THEORY. 
II. THE CHEMICAL THEORY. 

III. THE MOLECULAR THEORY. 

497. VOLTA'S CONTACT 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 fol' the passage of 
the unlike electricities from one metal to the other so as to 
recombine and again form the neutral compound. 

NOrE.-The contact theory of Volta is strongly advocated by most of 
the continental philosophers or Europe, and especia.lJy by those of Germany. 
It seems, however, to be disproved by the simple fact that Faraday has 
obtained the evolutiou of copious currents of Voltaic electricity without the 
use of dissimilar metals. 

498. The CHEMIOAL THEORY, supported by Fabbroni, Davy, W 01-
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. 

NOTB.-It appears to be proved by the researches of Faraday and others 
that ohemical action is requisite to the productiol1 of the electric current, 
and that the energy of the former is in exact proportion to the power of 
the latter. 

499. The MOLEOULAR THEORY of Pes chell 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 !lIAGNETS, 

PROPERTIES OF A MAGNET, THEORIES OF 
MAGNETISM, DIAMAGNETISM. 

500. MAGNETISM 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 the 
earliest writers of antiquity-t~us Thaies, 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 ftocks 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 stone which attracts." 
The Chinese call it thsu·chy "the love stone" i. e. the stone loving to· 

wards iron. They also term it " hy·thy·chy " or " the stone which snatches 
up iron." 

In the Sanscrit it is named ayaskanta " the stone loving towards iron." 
The Hungarians call it magnet ko "the love stone." 
Tho French term it l'aimant "the loving stone." 
All the above terms are derived from its attractive force, others are 

descriptive orits directive power, thus, 
The Burmese call it d'anamtchum or "the stone which shows the south." 
The Swedes term it segel'lten " 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 lwdan "to lead" (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 Fea 0 4 

=Fe 0 + Fe 2 0 3 , i. e. a mixture of the protoxide or blackoxide, 
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 as much as 73 per cent. of the pure 
metal. Magnetic iron ore is found massive in iron mines, and 
also in grains 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 MAGNETS are formed out of steel or iron bars 
by contact, or by certain movements, or by induction with 
another by magnet, or by a current of electricity conveyed 
through the steel or iron bar. 

NOTE.-The mode of magnetizing steel and iron bars wmbe more fully 
described hereafter. 

505. ARTIlI'IOIAL M:A.GNETS are either bar 1na.gnets' 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 HORSE-SnoE MAGYEr is formed by bending such a bar till its extrem. 
ities approach each otl,er. 

A Slll1'LE MAGNET is formed of a single magnetized bar. 
A COMPOUND MAGNET is composed of two or more simple magnets 

riveted together. ' 
Of COUl"8e, simple and compound magnets may be either bar or horse. 

shoe in shape. 
A magnetic needle,ls a long ueedle or other light rod of steel suspended 

on its central axis so as to rotate easOy. 

506. A NATuRAL MAGNET cannot commonly sustain a weight 
eq'U&l, 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 less than this. 

Sir Isaac Newton is said to have had a small natural magnet, weighing 
8 grains, which was capable of sustaining 750 grains or 250 times its own 
weight. Cavallo tells ns that he saw a natural magnet of 6\ grains that 
could sustain 300 grains. The Emperor of Obina gave John V of Portugal, 
a natural magnet weighillg 38 Ibs., which was found in 1781 to be able to 
raise 200 Ibs., or 5 times its own weight. 

Logeman of Ha.erlem, 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 thre~ times its own weight. 

PROPERTIES 011' A MAGNET. 

507. The most important properties of a magnet are:
I. Its attractive force. 

II. Its communicative force. 

III. Its polarity. 
o 
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508. The attractive power of the magnet is chiefly exerted Oil. 
iron. Other metals are, however, but in less degree, susceptible 
of attraction by the magnet, and, of these Faraday gives the fol
lowing list arranged in the order of their magnetic power ;-

Iron. 
Nickel. 
Oobalt. 
Manganese. 
Chromium. 

MAGNETIC METALS. 

Cerium. 
Titanium. 
Palladium. 
Platinum. 
Osmium. 

N OTE.-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 north 
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, it is 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 termed the magnetic 
centre, 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 a 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 thcm adhere to the middlc 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. Maguetic attraction is exerted through plates of all 
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, without actual contact, magnetic also, 
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, 

develop over the entire surface of a conductor either positive or negative 
fluid. We cannot, however, have an exclusively austral or boreal magnet, 
tor 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 BOft 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, as 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 abnormal 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 
share 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 inductioD, 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. 

516. We have already 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
torialline 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:-

Bismuth, 
2 Phosphoru~, 
3 Antimony, 
4 Glass, 
5 Zinc, 
6 Tin, 
7 !\[ercury, 

8 Water, 
9 Silver, 

10 Copper, 
11 Gold, 
12 Alcohol, 
13 Ether, 
14 Arsenic. 

N oTE.-In the above list of dia-magnetics, bismuth is the best and ar~enk 
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. 
III. By suddenly cbanging its temperature from hot to cold. 
IV. By touch or friction with another magnet. 
V. By induction. 

VI. By electrical currents. 

NOTE.-Sott iron acquires magnetism with more facility than steel or 
any other body, bat 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 fluid they.remain, under proper circumstances, permanently 
magnetic. On this accouut 11.1\ good maguets 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 poin t
ing north and south. 

N OTB.-',rhe 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 dou.ble 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 450 , to the extremity. We then raise the mag
net off the bar, carry it back to the middle, place it on the bar 
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and as before draw it to tbe 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 several 
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 so 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 
ba~kward and forward several times, and finally having heen 
drawn an equal number of times to each end of the bar, it is 
drawn to the middle and slipped off side-ways. 

NOTE.-A curved or a horse-shoe shaped bar may be saturated with 
magnetism either by the single 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 position hardened 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 spira.l, as in Fig. 58. If 
the helix is direct (see Art. 555), Fig. 58. 
the north pole of the magnet is 
next the zinc plate, but with a left 
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 
zinc and copper plates of a voltaic battery. ~ 

NOTE.-When a steel bar is brought to the tempering hcat and then 
piaced 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 a cold solution of yellow prussiate of 
potas8a, 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; 
II. The form and proportion of its parts; and 

IlL The nature and ha.rdness of the steel composing it. 

527. To preserve the power ofa magnet (horse-shoe) it is 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~, i. e., its width should be three times its 
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thickness, and its length abQut twenty times its width. In a 
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 i.-If a magnet is loaded with the full weight it is ahle to support 
and the weight is suddenly hroken off, it will he 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. 

NOTE 2.-The power of a (,ompound magnet is less than the sum of the 
powers of its separate bars. Assuming that each of the hars 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: 

Thc power of a single bar is equal to ....•................. 82 
two bars combined ...................... 125 
four " ...................... 1~O 
six ...................... 172 
eight " ......•.. ~ ........... 182 

NOTE 3.-The power of a magnet is lost or destroyed by allowing it to 
remain a length 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 plane is called the horizontal needle. The plane of the magnetic 
71teridian 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 geographi«al meri
dian of the place in which the magnetic needle is suspended. 
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NOTB.-The horizontal needle is loaded.at olle extremity so as to over. 

come, ill a measure, its tendency to dip or incline towards tho north or 
south pole. 

530. The horizontal n\!edle.does not point towards .the north 
pole except ILt isolated localities on the·earth's surface. At all 
other places it is directed to a point mOre or less east or w·est of 
the true nortb, and at each place tbe amount of this declination 
varies from time to time. . 

VARIATION. 

531. At each place tbe declination undergoes periodic changes 
depending on the hour of tbe day and called diurnal variations, by 
which it increases from its minimum to its maximum valne, 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 tbe needle 
occupies its extreme and mean positions are not exactly the same 
tbroughout the year, but taking one month with anotber, it is 
at its most easterly limit about 8 A.:U., 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. 

532. The amplitude of the diurnal v~riations or tbe angle be
tween the greatest eastern and western po.sitions of the needle in 
tbe course of the day is about 10' on the average onhe year, but 
it is not the same in all the montbs, 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 tbe year. 

533. The declination proper to any hour, as well as the daily 
mean declination, undergoes periodic changes dependin.g on tbe 
time of year and called annual variations, and it oscillate.s in the 
twelve months about a certain middle value called the mean 
declination of the year relative to each bour and to tbe 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 aay 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 10 29'W. 
in 1845 to 10 41' W. in 1851. The westerly movement has been 
subsequently 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' -60 0 +so +130 +200 +24°11' +22°30' 
Rate per year. 7' 8' 10' 11' 11' 9' 6' 5' 
It will be observed that the yearly increase or decrease differs-being 

greatest near the minimum of variation. 
At Washington the variation was +0'6" in 1800 and had increased to 

+2'9° iu1860. At Burlington, Vermont. the variation was +7'8° in 1790. 
+8°30 iu1830. +9"7 in 1840 and +10°30 in 1860. 

537. As regards 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 periodic 
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 .I1gones or lines of no variation, 
and distinguished as the eastern and western agones. The west
ern agone commences in Hudson's Bay, lat. 600 , runs through 
Lake Erie about its 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. 650 S. The principal eastern 
agone (for there are two) begins in the White Sea and descending 
in a great semicircle southward and eastward 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 sou thward along 
the meridian 1300 E. of Greenwich. 

N oTE.-These lines and the isogonal lines seem to indicate the existence of 
two north and two south maguetic poles of the earth. Hansteeu has con
cluded, from a 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 oncs from west to east in an oblique direction, 
lind 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 equiuoxes. The shortest time in which all the tour 
poles ('an accomplish a cycle and return to the same state as at present 
coincides exactly with the period in which the precession ot the equinoxes 
amounts to a complete circle at the rate of 10 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 equd 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. ISOGONAL LINES 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 directi?D. 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. 

54l. IRREGULAR 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 in.differently. 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 DIP OF THill NEEDLE, or, as it is termed, its inclination, 
is greatest near the poles and decreases towards the equator, but 
tbe 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 LINES 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 onji place departs from the terrestrial equator as much as 
20 0 N. and in another as much as 130 S. Isoclinal lines very 
nearly, if they do not exactly, coincide with the isothermal lines. 

645. ISODYNAJdIC LINES or lines of equal power are lines joining 
those 10Cll.lities 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
DY~AMIC HELLICES, ELECTRIC TELEGRAPH. 

ELECTRO-MAGNETISM. 

546. ELECTRO-MAGNETISM is that branch of electrical science 
which treats of the magnetism produced in dia-magnetic bodies 
daring 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 it is called. From 
this it appears that the conjunctive wire becomes itself a mag
net, or father an infinite number of small magnets arranged 
transversely to the course of the wire, while the current is pass
ing, along it. 

NOTE.-lron 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 throu~h a conducting wire arranged horizontally 
in the magnetic meridian then a free magnetic needle would have 
its north end deflecte'd to the west- when it is placed iJelolD the 
conjunctive wire, and to the east when it is placed above the wire j 
the north end is depressed when the needle is placed on the west 
side and points upward when it is on the east side. If the cur
rent is sent along the wire from north to south aU these move
ments are reversed. 

NOTE.-In ordertoimpre~s on the memory the direction in which the 
needle is thus deflected by the conjunctive wire, the following formula' has 
been devised by Ampere: 

Let anyone identify hi'n.~elf with the current 01' •• uppose "tmselfto be 
lying in the direction of the positive current 80 that it enters hisfeet and 
passes out through his head. Then, his face being turned to the needle, 
the north pole of the latter is always deflected to tlie right "and • . 
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GALVANOMETERS. 

549. THE 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 
the galvanometer acts may 
be understood by a refer
ence to the accompanying 
fip;ure, in which the con
j unctive wire is bent in the 
form of a rectangle within 
which the needle is sup
ported on a pivot. The 
curren t circulating through 

Fig. 59. 

the wire ill the directioll of the arrows, all parts of the wire tends to 
illcrease 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 90'1 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 i 
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 arrangem'ent 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 the astatic 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 
Qftatio gawanometer in common 
use. The satatic needle is suspend
ed, it will be observed, by a. fiue 
threa.d so sa 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 

211 

Fig. 60. 

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 
p,ossesses polarity and the power of induction. 

554. If a conjnnctive wire be coiled into 
a spiral form, and its ends carried back 
through its axis as shown in Fig. 61, it con
stitutes what is called an electro-dynamic 
helix. Now if this be suspended so as 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. 

Fig. 61. 

555. It has been already stated that when a copper wire, 
i~sulated 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 

• 



212 ELECTRIC TELEGRAPH. 

helix, and is temporary in the case of soft iron but perman ent in 
the case of steel. 

If the conjunctive wire which constitutes the helix is coiled to the right, 
as in a common cork screw, it forms what is called aright.handed helix, and 
if in the reverse direction, a left·handed helix. In a right.handed helix, 
the north pole of the bar is that towards the zinc plate of the'battery, 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 th" 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 'lliove, 01' of t1ie motion' of a 
direct screw, then currents in that direction woulil prod1ue 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 possible' to 
apply them economically to the working of machinery. 

NOTE.-From a series of experiments 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 
H3·lbs. 1 foot high. 

A grain of zinc consumed in a battery to move an electro-magnetic 
engine, lifted but ................................................ 80 Ibs. 1 foot high. 

A cwt. of coal cost ....... ...... ... ...... ............... ......... ....... ..... ... ... ...... 9d. 
A cwt. of zinc cost ....................................................................... 216d. 

Hence to do an equal amonnt of work, the electrO.magnetio engiue is 
more expensi ve 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. THill NEEDLE TELEGRAPH, as that of Wheatstone and Cooke, 
in which the message is indicated by the deflections of 
a needle by a galvanometer coil. 

II. Tn DIAL TELEGRAPH, of which that of Ronald's is the type. 
This was worked, by having 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 tra.nsmitting 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. 

N OTE,-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. 

III. ELEctRO-MAGNETIC 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 oftbese telegraphs 
are a ba.ttery at the transmitting station, to generate 
power, an insulated wire to convey it to the receiving 
station, and a recording instrument at tbe latter to 
register the'indications of that power. 

The recording instrument of Morse is represented in Fig. 62. 

M, m are the poles of a horse-shoe magnet, wound round with wire; at a 
is a keeper fastened to a lever, a l, which works on a fulcrum, at d; the 
other end of the lever bears a steel point, 8, which serves as a pen. At c is a 
clock-work arrangement for the purpose or drawing a narrow strip of paper, 
p p, in the direction of the arrows. W Wa.re the wires which communi
cate with the distant station. As soon as a "foltaic current is made to pass 
through these wires, the soft iron becomes magnetic and draws the keeper 

P 
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a, to its poles; and the other end of the lever, 1, rising up, the point 8 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, h, rings to 
give notice to the observer. ;rhe movements of the lever a l are the 
cxact 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 a 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 circuit being com. 
pleted by the earth. . 

NOTE.-The following is the alphabet used by Morse. 

A --
B - - --
C - - -
D - --
E
F---
G --
H - - --
I - -
.J----
K--
L
M-
N--

0- -
p----
Q - - --
R - -
s---
T-
U - --
V - - -
W--
X - - -
y - - --
Z - - - -
& - - --

1- - --
2-----
3-----
4-----
5---
6------
7 - - -.-
8-----
9 - - --
0--
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559. ELEOTRO-CHEMICAL TIIILEGRAPHS depend upon the produc
tion of visible and permanent marks or characters byelectro
chemical decompositions. In the best form a paper ribbon 
saturated in ferro cyanide 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 p~per, which is red if the pen is 
copper, and blue if the pen is steel. 

MA GNETO-ELECTRICITY. 

LECTURE XL. 

~[A.GNETO-ELECTRICITY, THERMO-ELECTRICITY, 
ANDlAL 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 
pla.ced 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 easily evidenced by connec
tiou with a galvanometer. The pecaliarity of these currents 
is their momentary duration Rnd 'hence their name momentary 
currents, or from their discoverer Faradian-currents. 

561. THE MAGNETO-ELECTRIC MACHINE, Fig.63, is an instrument 
by means of which magneto-electricity, induced in the manner 
alluded to, may be obtained in sufficient intensity and quantity to 
decompose acidulated water, give powerful physiological shocks, 
and exhibit the electric spark and other effects of ordinary electric
ity. It consists of two 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 
forming the coils 
are soldered to a 
ferrule or break
piece on each side 
of the axis and a
gainst this two me
tallic springs press 
having also a me
tallic connection 
with the two cups 
a, b. As the arma
ture revolves, the 
iron centre-pieces 

MAGNETO-ELECTRICITY. 

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 80 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 is 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 mil,gnetic 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 or 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 c will be raised considerably j but if 
the current be sent from the bismuth to the antimony the tem
perature of the junction c is so much lowered that a small quan-
tity of water placed there may be fro~en. Fig. 64. 

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 
wbich flows from the antimony 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 I.-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. 

NeTE 2.-1IIelloni's thermo. multiplier consists of a number of bars of 
bismuth and antimony soldered together at their alternate ends, and bav. 
ing the opposite members connected, by means of wires, to a galvanometer 
The least difference of temperature between the opposite faces of· th~ 
arrangement produces a thermo·electric current which deflects the needle 
of the galvonometer. 

NOTE 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. 
3. Mercury. 7. Lead. 11. Silver. 15. Antimony. 
4. Platinum. S. Brass. 12. Zinc. 

ANIMAL ELECTRICITY. 

564. It has been shown by Matteucci of Pis a that electricity 
~s in some m!sterionB manner intimately connected with vita,l 
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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 
Vienna has proved the existenoe 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. 

565. Certain marine and fresh·water fish (about eight genera) 
poss~ss 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
sists 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 15 jars containing a coated 
surfaee of 3500 square inches. The same philosopher succeeded in deflect. 
ing the galvanometer, evolving light and heat, ruagnetising steel bars and 
effecting chemical decompositions by the electricity obtained from the 
gymnotus. 

MISCELLANEOUS PROBLEMS. 

1. How many degrees Reaumur are equivalent to 14'60 F. ? 
How many F. are equivalent to - 6'So 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 ISO? 



JUISCELLANEOUS PROBLE~IS. ~19 

4. Two similar balls are charged with electricity and it is 
found that one repels the needle of Coulomb's torsion electrometer 
through 300

, while the other repels it through '10 0 • 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 ~ 

'1. If 10 Ibs. of lead at the temperature 490 0 F. melt Ii Ibs. 
of ice j what is the specific heat of the lead? 

8. A railroad is constructed in winter when the average tem
perature is 30 0 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 1100 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 i of aD 
inch, compare the relative amounts of light received by each. 

10. An incipient red heat is equal to 9'17° F., a cherry-red heal 
1832° F., and a dazzling white heat 9732 0 F.-Express thesE 
temperatures in degrees Reaumur and degrees Centigrade. 

11. What temperature will be produced by mixing togethel 
equal weights of water at 212 0 F. and mercury at 32 0 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 greal 
telescope and also of Rosse's telescope-aslluming in each caSE 
thllot -fr of the incident light is reflected by the speculum. 

13. Allowing gases to decrease in volume m of their buH 
at 32° F. for every degree their temperature is lowered-a' 
what temperature would all gases cease to exist and hence wha l 

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 lbs. of tin in 
passing from the solid to the liquid form-the unit of heat being 
the amount of heat required to raise 1 lb. of water from 32° F. 
to 33° F.? 

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 is 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. 

IS. The temperature of a common fire is equal to 616'1° C., 
of human· blood 361° 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-SSO R. and according to Natterer-112° R. Reduce 
these temperatures to degrees F. and C. 

20. How must an object be placp.d before a douhle 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 
w hose 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 oflead in degrees F ~ 
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25. What are the linear and superficial magnifying powers of 
a convex lens whose focal length is f 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 lel).gth 
an m of an inch in diameter, the otber 250 feet in lengtb and 
l~ of an incb in diameter. 

21'1. In a magic lantern tbe object has a diameter of 2 incbes 
and is placed 2 incbes bebind tbe magnifying lens, the screen 
being 10 feet before tbe same lens. What is tbe diameter of the 
image? 

29. Tbe eye-piece of a microscope bas a focal length of g of 
an inch-tbe object being placed l of an incb from tbe objective 
and tbe distance between tbe latter and tbe focus of tbe eye-glass 
being 12 inches-what are the linear and superficial magnifying 
powers of tbe instrument to a person wbose limit of distinct 
vision is 4i incbes? What to a person whose limit of distinct 
vision is 9 inches? 

30. How much latent heat is tbere in the vapour of water at 
the temperature of 350° F? How much at the temperature of 
96° F.? How much at 2000 C. ? 

31. Tbe mean annual temperature of-Canada is about 440 F. 
at what depths beneath the surface of the earth would the ther
mometer severally indicate a temperature of 70° F. j of 100° F. ; 
of 212° F j of 400° F.? 

32. Two lights are compared witb one another in Ritchie's 
Photometer, and it is found tbat in order to equally illuminate 
the different sides of the wedge one bas 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? 

33. Compare together the brightness of tbe picture cast by a 
magic lantern on a screen at the several distances of 4 feet, 7 
feetl ~nd 12 feet from tile magnifyin$ lens? 
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34. In a refracting telescope the focal length 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 
1lu 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! 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 1~ of the air 
is expelled. Express in degrees F., C. and R. the temperature 
to which it was exposed. 

37. 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 lhs., is exposed to the 
full heat of a furnace, aud then plunged into 13 lbs. of water of 
the temperature of 65 0 F., when it is observed that the tempe
rature of the water is raised to 650 R. Required the tempera
ture of the furnace in degrees F. and C. 

39. How many units of heat are absorbed by 17 Ibs. of sul
phur in passing from the solid to the liquid state 1 (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 400 F. and of the latter 800 F.1 

TlIE END 01' PART II. 
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THE undersigned having long felt that it would be highly 

desirahle 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. 

LOVELL'S GENERAL GEOGRAPHY 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 featnres, at the same time it embraces a 
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kind relating to older countries, the different British Colo

nies, in those works but indifferently pourtrayed, are here 
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to the importance of the acquisition of a correct knowledge 
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but to every student of Geography. The Maps illustrating 
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draughtsmen in Canada, and will be found to have been 

brought down to the latest dates. 
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Opinions of the Press on the National Arithmetic. 

This is one of Lovell's series of School Books. a series which we hope 
some da..v to see introduced into all our Canadian Schools. It has been 
Prepared expressly forthe.e schools by the Mathematical Master of the 
Upper 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 an;)' 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 te:wh· 
ers, and it shows a thorough knowledge of the subject and adapta. 
tiOll to the wants of the country. Mr. Sangster, by this volume; has 
supplied a want long felt; and it augurs well for the future teachers 
of our children that the author of suoh a work as this is Mathematical 
Master in our National Normal School.-Ottawa Citizen. 

We think it is admirably adapted for, and should be speedily intro· 
dnced into, all onr Canadian Schools.-Carteton Place Herald. 

This Arithmetic is not only infinitely better adapted to the wants of 
this conntry 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 author. It is divested of all the useless, lumbenng mat· 
erial to be found to a greater or less extent in those heretofore in 
use in this country. The problems possess all eminently practical 
character-and by that very adaptatIOn to our wants, they are the 
more interesting. The learner, instead of covering his slate with 
figures, with a vSfPle and confused notion as to what they all mean, 
works a problem m this arithmetic feeliIljr at once that he is doing a 
useful and interesting 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 long time the want of a Canadian 'i'rea· 
tlse on Arithmetic, combining the above mentioned system with 
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the application of the modern scientific methods of ana.lysis and 
formuilll, to the elucidatiQD ot the various rules, Wa,I felt. Dr. 
Ryerson, conscious that such a work was needed, requested the Author, 
to ada(lt the Arithmetic published by the Irish Board of Education 
to the Decimal Currency of Canada, and to abbreviate ~ome of the 
tedious rea.qons for the rules there given. Mr. Sangster iu complying 
with the request of the Chief Superintendent of Education, tran
scribed ten or fifteen pages from the commencement of the original 
work, hut finding So many" alterations and improvements" necessar.v, 
" abandoned" the design and dEitermined to write a Ilew Treatise on 
the subject. The admirable volume which now lies befure us is the 
result of that determination.-}'rom What fame says of Mr. San/l:ster's 
capabilities as an excellent 'l'eacher, and an accomplished Mathemati
cian, the volume before us has not exceeded onr exppctations, though 
it ~urpasses every Treatise on the subject which has yet come into our 
hands in three essential requisit.es, namely: l\1ethodical arrangemellt 
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 studeut 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
euce throughout the Province: for this reason we are glad the work is 
entitled the" NATIONAL ARITHMETlc."-Brant County Herald. 

Mr. Sangster's book is the best going-has no competitor-ca.n
not be matched-positively overflowing with matter. We highly re
commend it. It combines beautiful printing, stout bindiug, with all 
that is wanted to make a young person have a complete storehouse of 
mathematical knowledge at hi. tin~ers ends. No book we have yet 
seen, on this indispenSable branch of knowledge, can compare with it. 
-Cayuga Sentinel. 
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