Cambridge University Press

978-1-108-06890-1 - Heat Considered as a Mode of Motion: Being a Course of Twelve
Lectures Delivered at the Royal Institution of Great Britain in the Season of 1862
John Tyndall

Table of Contents

More information

CONTENTS.

LECTURE L

Introduetion — Description of Instruments — The Thermo-electric Pile and
the Galvanometer — Heat and Cold indicated by the Deflection of a
Magnetic Needle — Heat generated by Friction, Compression, and Per-
cussion — Waterfalls generate Heat —TFriction of Railway Axles—The
Foree necessary to heat the Axles is withdrawn from the urging Force of
the Engine — Meteorites probably rendered incandescent by Friction
against Air — Rumford’s Experiments on the Heat excited by Friction —
Water boiled by Friction — Consumption of Heat when compressed Air
is suffered to expand — Action of a Current of Air when urged by a
bellows against the Face of the Thermo-electric Pile . . PAGE 1

APPENDIX TO LECTURE 1.

Mode of constructing a Thermo-electric Pile— Mode of constructing a
Galvanometer — Mode of rendering Needles astatic — Experiments on
the Magnetism of Galvanometer Coils, and Mode of avoiding this Mag-
netism . . . . . . . 17

LECTURE IL

The Nature of Heat — the Material Theory supposes it to be a subtle Fluid
stored up in the inter-atomic Spaces of Bodies — The idea of ‘ Capacity’
for Heat originated in this way — The Dynamical Theory supposes
Heat to be a Motion of the ultimate Particles of Bodies — Rumford’s
and Davy’s Views — Davy's Fusion of Ice by Friction — Bearing of the
Experiment on the Material Theory — Heat and Light developed by the
Compression of Air — Ignition of Bisulphide of Carbon Vapour in Fire
Syringe - Thermal Effects of Air in Motion — Condensation of Aqueous
Vapour by the Rarefaction of Air — Machine of Schemnitz —Deportment
of a Conductor between the Poles of a Magnet — Apparent Viscosity of
the Magnetic Field —The Conductor encounters Resistance to its Motion
— A Conductor swiftly rotating is struck motionless when the Magnet is
excited —When the Conductoris compelled to rotate Heat is generated —

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781108068901
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-108-06890-1 - Heat Considered as a Mode of Motion: Being a Course of Twelve
Lectures Delivered at the Royal Institution of Great Britain in the Season of 1862
John Tyndall

Table of Contents

More information

x1v CONTENTS.

Fusion of an Alloy by this Heat — Measurement of the Amount of Heat
generated by a given Expenditure of Force —Dr. Mayer and Mr. Joule
— The Mechanical Equivalent of Heat — Definition of the Term ‘Foot-
pound’— Heat developed increases as the height of the fall, and is
proportional to the Square of the Velocity — Calculation of Heat gene-
rated by the impact of Projectiles — Heat equivalent to the Stoppage of
the Earth in its Orbit — Heat equivalent to the Falling of the Earth into
the Sun -— Preliminary Statement of Meteoric Theory of the Sun’s Heat
— Analysis of Combustion — Ignition of Diamond — Its Combustion in
Oxygen due to the Showering of the Atoms of the Gas against the Surface
of the Diamond — Structure of Flame-— Candle and Gas Flames —
Combustion on Mont Blane — The Light of Flames is materially dimin-
ished by the Rarefaction of the Air, though the Quantity of Combustible
Matter consumed remaind the same — Frankland’s Experiments — All
Cases of Combustion are due to the Collision of Atoms which have been
urged together by their mmitual Attractions . . . . PAGE23

APPENDIX TO LECTURE II.

Extracts from the Twentieth Aphorism of the ¢ Novium Organum’—Abstract
of Count Rumford’s Egsay entitled ‘ An Enquiry concerning the Source
of the Heat which is excited by Friction’— Note on the Compression of
Bisulphide of Catbon Vapour. . . . . . . R}

LECTURE IIL

Expansion of Bodies by Heat — Liberation of Particles from the thrall of
Cohesion — The Liquid and Gaseous States of Matter defined — Illustra-
tions of the Expansion of Air by Heat — Ascent of Fire Balloon — Gases
expand by a constunt Incremeit for every Degree above 32° Fahr.—
Coefficient of Expansion — Heating of Gas at a constant Pressure —
Heating of Gas at a constant Volume —In the former case Work is
done by the Gas— In the latter case no Work is done — In the former
case an Excess of Heat equivalent to the Work done must be imparted
—Caleulation of the Mechanical Equivalent of Heat — Mayer and Joule’s
Determinations — Absolute Zero of Temperature — Expansion without
Refrigeration — Egpansion of Liquids — Exceptional Deportment of
Water and Bismuth — Energy of Atomic Forces — Pyrometers —
Strains and Pressures superinduced by sudden Cooling — Chilling of
Metallic Wires by Stretching — Heating of India-rubber by Stretchmg—
Contraction of stretched India-rubber by Heat . . .89

APPENDIX TO LECTURE III.

Further Remarks on Dilatation — Linear, Superficial, and Cubic Coeffi-
cients of Expansion — The Thermometer — Extracts from Sir Humphry
Davy's First Memoir, entitled ‘ Heat, Light, and the Combinations of
Light” . . . . . . . . . . . 9

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781108068901
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-108-06890-1 - Heat Considered as a Mode of Motion: Being a Course of Twelve
Lectures Delivered at the Royal Institution of Great Britain in the Season of 1862
John Tyndall

Table of Contents

More information

CONTENTS. XV

LECTURE 1V.

Vibrations and Tones produced by the contact of Bodies of different Tem-
peratures — The Trevelyan Instrument — Rotation of hollow Spheres by
Electricity — Effect of Pressure on Fusing Point — The Fusing Point of
Bodies which contract on solidifying is raised by Pressure — The Fusing
Point of Bodies which expand on solidifying is lowered by Pressure —
Liquefaction of Ice by Pressure — Dissection of Yce by Calorific Beam —
Negative Crystallisation, Ice reduced internally to Liquid Flowers, having
six Petals each — Central Spot a Vacuum — Sound heard when the Spot is
formed —Physical Properties of Water from which Air has been removed
— Its Cohesion enormously augmented — It can be heated far above its
boiling Point — Its Ebullition becomes Explosion — Application of this
Property to explain the Sound heard, when the central Spot is formed in
Tce — Possible bearing of this Property of Water on Boiler explosions —
The Boiling Point of Liquids — Resistance to Ebullition — Cohesion of
Particles, adhesion to Vessel, external Pressure — Boiling Points on
verious Alpine Summits — The law of Conservation illustrated in the
Steam Engine — The Geysers of Iceland — Description of the Geysers and
their Phenomena—Bunsen’s Theory—Experimental Illustration pAGE 98

APPENDIX TOU LECTURE IV.

Abstract of a Lecture on the Vibrations and Tones produced by the contact
of Bodies having different Temperatures — Extracts from a Paper on the
Physical Properties of Ice. . . . . . . . 127

LECTURE V.

Application of the Dynamical Theory to the Phenomena of Specific and
Latent Heat — Definition of Energy — Potential and Dynamic Energy,
illustrated by the Raising and Falling of a Weight — Convertibility of
Potential into Dynatic Energy and the reverse — Constancy of the Sum
of both Energies — Application of the Ideas of Pofential and Dynamic
Energy to Atoms and Molecules —Magnitude of Molecular Forces -— The
separation of a Body’s Particles by Heat is an Act the same in kind as
the separation of a Weight from the Earth — Work is here dohe within
the heated Body — Interior Work — The Heat communicated to a Body
divides itself into Potential and Dynamic Energy — All Single Atoms,
whatever be their weight, possess the same amount of Dynamic Energy—
Specific Heat or Capacity for Heat explained by Reference to Interior Work
and to Atomic Number — Experimental Illustrations of Specific Heat —
Table of Specific Heats — Influence of high Specific Heat of Water on
Climate — Heat consumed in Change of Aggregation — Latent Heat of
Liquids and Vapours —It is Heat consumed in conferring Potential Energy
on the ultimate Particles— By Condensation and Liquefaction this

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781108068901
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-108-06890-1 - Heat Considered as a Mode of Motion: Being a Course of Twelve
Lectures Delivered at the Royal Institution of Great Britain in the Season of 1862
John Tyndall

Table of Contents

More information

xvi CONTENTS.

Potential Energy is converted into Heat— Mechanical Value of the Union
of Oxygen and Hydrogen — Mechanical Value of the Change from Steam
to liquid Water — Mechanical Value of the Change from liquid Water to
solid Ice — Experimental Illustrations — Consumption and Generation of
Heat by Changes of Aggregation —Water frozen by its own Evaporation
~—The Cryophorus — Solid Carbonic Acid — The Spheroidal State of
Liquids — In this State the Liquid is supported on a Bed of its own
Vapour —Proofs that the Spheroidal Drop is not in Contact with the hot
Surface underneath it — Experimental Illustrations of the Spheroidal
Condition — Possible Bearing of these Facts on the Fiery Ordeal, and
on Boiler Explosions — Freezing of Water and Mercury in red-hot
Vessels. . N . . . . . 5 . . PAGE 136

LECTURE VI,

Convection in Air — Larger physical Phenomena —Winds caused by the
heating Action of the Sun— The upper and lower Trade Winds —
Effect of the Earth’s Rotation in changing the apparent Direction of
Winds — The Existence of the upper Current proved by the Discharge
of Ashes into it by Volcanoes — Effects which accompany the apparent
Motion of the Sun from side to side of the Equator — Aqueous Vapour
— Tropical Rains — Region of Calms — Europe, for the most Part in
the upper Trade — Europe the Condenser of the Western Atlantic —This
is the Cause of the Mildnese of European Temperature — Rainfall in
Ireland —Effect of Mountain Ranges on Rainfall — Convection in
Liquids — Experimental Illustrations — The Gulf Stream : its influence
on the Climate of Britain — Formation of Snow — The Molecules
aggregate to form Frozen Stars with Rays sixty degrees apart — Figures
of Snow Crystals—Collection of Snow on Mountains— The Snow Line—
Squeezing of this Snow to Ice — Formation of Glaciers— The Motion of
a Glacier resembles that of a River — Theories of Glacier Motion —
The Regelation of Ice —The Moulding of Ice by Pressure — Ancient
Glaciers — Their Traces in Switzerland, England, Ireland, and Wales —
The Uedars of Lebanon grow on Glacier Moraines — Theortes of the
Glacial Epoch — Not due to a Diminution of Solar Power, or to the
passage of the Solar System through cold Regions of Space . . 167

APPENDIX TO LECTURE VI
Abstract of a Lecture on the Mer de Glace . . . . . 194

LECTURE VIIL

The Conduction of Heat a Transmission of Molecular Motion — Different
Bodies possess different Powers of Transmission — Good Conductors
and bad Conductors — Experimental Illustrations — Experiments of
Ingenhausz, Despretz, Wiedemann, and Franz—Table of Conductivities

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781108068901
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-108-06890-1 - Heat Considered as a Mode of Motion: Being a Course of Twelve
Lectures Delivered at the Royal Institution of Great Britain in the Season of 1862
John Tyndall

Table of Contents

More information

CONTENTS. xvil

— Parallelism of Conduction of Heat and Conduction of Electricity —
Good Conductors of the one are also good Conductors of the other, and
vice versd —Influence of Heat on Electric Conduction —The Motion of
Heat interferes with the Motion of Electricity — Conduction of Cold —
Constancy of Temperature of Animal Body — Capacity to bear high
Temperatures — Diversion of Heat from the Purposes of Temperature to
the Performance of Work — Influence of Molecular Structure — Some
Bodies conduct differently in different Directions — Conduction in
Crystals and in Wood — Feeble Conductivity of Organic Substances —
This secures them from sudden Alternations of Temperature —Influence
of Specific Heat on the Speed of Conduction — Anomalous Case of
Bismuth as compared with Iron—Bismuth, though the worst Conductor,
apparently transmits Heat most speedily — Action of Clothing —
Rumford’s Experiments — Influence of mechanical Texture on Conduc-
tion — A Powder conducts ill, on account of the incessant Break in the
Continuity of the Mass along which the Motion of Heat is transmitted
— Non-conductivity of Gypsum —Effect of Boiler encrustations —With-
drawal of Heat from Flames by good Conductors — The Motion of
Flame, though intense, is much lowered by being transferred from so
light a Body to a heavy one — Effoct of Wire Gauze — The Safety
Lamp — Conduction of Liquids denied by Rumford, but proved by
M. Despretz— Conduction of Gases denied by Rumford, but affirmed
in the case of Hydrogen by Prof. Magnus — Cooling Effect of Air and
Hydrogen — Experiments on Gaseous Conduction doubtful . race 204

LECTURE VIIL

Radiant Heat — Cooling a loss of Motion —To what is this Motion
imparted ? — Preliminary Experiments on Sound — Communication of
Vibrations through the Air to Membranes and to Flames — The
Vibrations of a Body propagated through the Air and striking on the
Drum of the Ear producoe Sound — Analagous Phenomena of Light —
Theories of Emission and Undulation — Discussions on the Subject —
Newton — Huyghens— Euler — Young — Fresnel — Space filled with an
clastic Medium called Ether — The Motion of a hot or of a luminous
body communicated to this Ether is propagated through it in waves
—In this form Heat is called Radiant Heat — The Thermo-electric
Pile in relation to Radiant Heat — Distribution of Heat in the Electric
Spectrum examined experimentally — Low Calorific Power of blue End
of Spectrum — The most luminous Part not the hottest Part — Of the
visible rays Red is the hottest — The maxium Calorific Action is beyond
the Red, and is due to Rays which are incompetent to excite the Sense
of Vision — Extra Violet Rays— Physical Cause of Colour— The
Spectrum is to the Eye what the Gamut is fo the Ear — The Colour of
Light corresponds to the Pitch of Sound — Number of Impulses involved
in the Perception of Light —Theory of Exchanges —Reflection of Radiant

a

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781108068901
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-108-06890-1 - Heat Considered as a Mode of Motion: Being a Course of Twelve
Lectures Delivered at the Royal Institution of Great Britain in the Season of 1862
John Tyndall

Table of Contents

More information

xviil CONTENTS.

Heat from Plane Surfaces — Angle of Incidence equal to the Angle of
Reflection — Experimental Proof — The obscure Rays of the Electric
Lamp pursue the same Track as the luminous ones — Angular Velocity
of reflected Ray twice that of rotating Mirror — Experiments with
radiant Heat of Fire and of obscure Bodies — Reflection from curved Sur-
faces — Parabolic Mirrors — Explosion of Chlorine and Hydrogen in
Focus of Mirror by Light —Explosion of Oxygen and Hydrogen by
Radiant Heat—Reflection of Cold .- e . PAGE 243

APPENDIX TO LECTURE VIIL
On the Sounds produced by the Combustion of Gases in Tubes . . 270

LECTURE IX.

The Intensity of Radiant Heat diminishes as the Square of the Distance
from the radiant Point increases— Experimental Proof — Undulations
of Sound longitudinal, of Light transversal — The ultimate Particles of
different Bodies possess different Powers of Communicating Motion to
the Ether — Experimental Illustrations of good and bad Radiators —
Reciprocity of Radiation and Absorption — Protection by Gilding against
Radiant Heat — Transmission of Radiant Heat through Solids and Liquids
—Diathermancy—Absorption occurs within the Body—Absorption of Light
by Water—Radiant Heat passes through Diathermic Bodies without heating
them —Athermic Bodies are heated — Concentration of Beam on bulb of
Air Thermometer — Penetrative Power of Sunbeams — Sifting of Radiant
Heat — Ratio of Obscure to Luminous Radiation in various Flames 283

APPENDIX TO LECTURE IX.

On some physical Properties of Ice . . . . . . . 310

LECTURE X.

Absorption of Heat by Gases and Vapours — First Apparatus — Rocksalt
Plates — Peculiarities of the (Galvanometer — The higher Degrees of
greater Value than the lower ones — Improved Apparatus — Principle of
Compensation permits the use of a powerful Source of Heat while it
preserves the Needle in a sensitive Position — Air, Oxygen, Hydrogen,
and Nitrogen, are practical Vacua to Radiant Heat — Opacity of Olefiant
Gas and Sulphuric Ether —Radiation through other Gases and Vapours
— Great difference of Absorbing Power — Radiation of Heat by Gases —
The atom which Absorbs powerfully Radiates powerfully—Absorption by
(Gases at a Tension of an Atmosphere—Absorptions at smaller Tensions—
Comparison of Elementary and Compound Gases and Vapours—Radiation
through Lampblack, &e. . . . . . . . 323

APPENDIX TO LECTURE X.

Calibration of the Galvanometer . . . . . . 355

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781108068901
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-108-06890-1 - Heat Considered as a Mode of Motion: Being a Course of Twelve
Lectures Delivered at the Royal Institution of Great Britain in the Season of 1862
John Tyndall

Table of Contents

More information

CONTENTS. XIX

LECTURE XI

Action of Odorous Substances on Radiant Heat—List of Perfumos examined
— Action of Ozone on Radiant Heat — Influence of the Size of the
Electrodes on the Quantity of Ozone generated — Constitution of Ozone
— Radiation and Absorption of Gases and Vapours determined without
any Source of Heat external to the gaseous Body itself — Dynamie
Radiation and Absorption — Varnishing a metal Surface by a Gas —
Varnishing of a Gas by a Vapour — Tenuity of Boracic Ether shown in
Experiments on Dynamic Radiation — Influence of Length of radiating
Column —In a long Tube, a Vapour at a small Tension may exceed a Gas
at a high Tension, while in a short Tube the Gas exceeds the Vapour —
Radiation through Humid Air — Action of the Vapour of the At-
mosphere on Terrestrial and Solar Radiation — Objections answered —
Applicability of Rocksalt Plates — Experiments in Tube without Plates
— Experiments without either Tube or Plates — Examination of Air
from various localities — Influence of the Results on the Science of
Meteorology — Application to tropical Rain Torrents — To the Forma-
tion of Cumuli — To the Condensation of a Mountainous Region —To
Radiation Experiments at high and low Elevations —To the Cold of
Central Asia— To the Thermometric Range in Australia —To the
Meteorology of Sahara—To Leslie’s Experiments —To Wells's Theory
of Ice-formation in India — To Melloni’s Theory of Sérein  pacE 358

APPENDIX TO LECTURE XI,

Further Details regarding the Action of agueous Vapour on Radiant
Heat . . . . . . . . - . . . 394

LECTURE XII.

Dew—a clear Sky and calm but damp Atmosphere necessary for its copious
Formation — Dewed Substances colder than undewed ones — Dewed
Substances better Radiators than undewed ones — Theory of Wells—
Dew is the Condensation of the atmospheric Vapour on Substances which
bave been chilled by Radiation — Lunar Radiation — Constitution of the
Sun — The bright Lines in the Spectra of the Metals— An incandescent
Vapour absorbs the Rays which it can itself emit — Kirchhoff’s General-
isation — Fraunhofer’s Lines, caused by the Absorption of such Rays
by the luminous Solar Atmosphere as that Atmosphere itself could emit
— Solar Chemistry— Emission by the Sun-—Herschel and Pouillet’s
Experiments — Mayer’s Meteoric Theory— Effect of the Tides on the
Earth’s Rotation—Energies of the Solar System — Helmholtz, Thomson,
Waterston — Relation of the Sun to Vegetable and Animal Life . 399

APPENDIX TO LECTURE XIL
Tecture on Foree ; Letters of Dr. Joule and Prof. Tyndall .. 435

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781108068901
http://www.cambridge.org
http://www.cambridge.org

	http://www: 
	cambridge: 
	org: 


	9781108068901: 


