ELEMENTS OF PHYSICS; A

COLLEGE TEXTBOOK. IN

THREE VOLUMES. VOL. Il.
ELECTRICITY AND MAGNETISM



Published @ 2017 Trieste Publishing Pty Ltd

ISBN 9780649130009

Elements of physics; a college textbook. In Three Volumes. Vol. II. Electricity and Magnetism
by Edward L. Nichols & William S. Franklin

Except for use in any review, the reproduction or utilisation of this work in whole or in part in
any form by any electronic, mechanical or other means, now known or hereafter invented,
including xerography, photocopying and recording, or in any information storage or retrieval
system, is forbidden without the permission of the publisher, Trieste Publishing Pty Ltd, PO Box
1576 Collingwood, Victoria 3066 Australia.

All rights reserved.

Edited by Trieste Publishing Pty Ltd.
Cover @ 2017

This book is sold subject to the condition that it shall not, by way of trade or otherwise, be lent,
re-sold, hired out, or otherwise circulated without the publisher's prior consent in any form or
binding or cover other than that in which it is published and without a similar condition
including this condition being imposed on the subsequent purchaser.

www.triestepublishing.com



EDWARD L. NICHOLS & WILLIAM S. FRANKLIN

ELEMENTS OF PHYSICS; A

COLLEGE TEXTBOOK. IN

THREE VOLUMES. VOL. Il.
ELECTRICITY AND MAGNETISM

ﬁTrieste






THE ELEMENTS OF PHYSICS

YOL. hi

ELECTRICITY AND MAGNETISM



Ny

THE

FEEMENTS OF PHYSICS

A COLLEGE TEXT-BOOK

By

EDWARD L. NICHOLS
AN

WILLIAM 5. FRANKLIN

IN THREE FOLUMES
YoL. 1l

ELECTRICITY AND MAGNETISM

N Pork i*
THE MACMILLAN COMPANY
LONDON: MACMILLAN & CO. LT,
18g8

A wiphis peserved



CorvmcHT, By,
By THE MACMILLAN COMPANY,

Set up and electrotyped Seprember, 1856, Heprinted Febraary,
efa8, H }

Norwood Purss
J. 3. Cushing & Cu, — Berwick & Emith
Blorwioed Masa., U5 A



TABLE OF CONTENTS.

CHAPTER 1.
METRIBUTED QUANTITY.

Distributed scalars; Volume integrals; Gradients -

Distributed vectors ; Stream lines; Permanent and varying states of
vector disﬂ'ﬂ:rut[un1 Line integrals; Potential of a distributed
vector; Surface integrals; Convergence of a disiributed vector:
Solencidal vector distribution; Distributed vectors haviug no
potential ; Vector potential . . . ) )

CHAFPTER 1.
MAGNETISM,

Attraction and repulsion of magnets ; Coulomb’s law ; Stren.gth of pole ;
Magneuc moment .

The magnetic field; Strength .'md dlrcm:lon of ﬁelds buperpasatml:
and resolution of fields . . .

Gauss's method for £7; The Kew magnctumetuf "LIapp;mg nf ﬁelds

CHAPTER IIL.
THE ELECTRIC CURRENT.

Magnetie, Ihe':m,ul| and chemical effects

Ampere's law: Direction of current; Strength of m:l:]_a dm: 11} cum:nls.

Galvanemeters; Tangent galvanometer; Helmboltz  galvanometer ;
Electrodynamometers ; Sensitive galvanometers; Governing mag-
nets and astatic systems ; The DVArsonval galvanometer f

CHAPTER IV.
RESISTANCE AND ELECTROMOTIVE FORCE.

Joule's law ; Units of resistance ; Specific resistance ; Influence of tem-
perature upon resistance; Measurement of resistance .

Electromotive force; Ohm's law, the volt; Measurement of e.m. f:
Shunts

FAGH

20

3

33
34

48



il CONTENTS.

CHAPTER V.
THE ELECTRIC CHARGE: ELECTROLVSIS; BATTERIES.
FAGRE
Charge defined; Units of charge; Measurements; The ballistic gal-
vanometer . : . 59
Condensers; The fnrad a“-lmsuremcnt of :apa.c:t}, Farada;.rs Iaws,
Electrochemical equiva]ml,a Theory of electrolysis; Hittorfs
ratia; Hittorf"s numbers: Molecular conductivity; Work done in
electrolysis; Energy equations . . 6
Voltaic Latteries; Energy equation of a I:nattvs."r;.r1 Furma uf pnman
batteries ; Storage batteries . : ' « 76
CHAPTER VI.

INDMRECT METHODS OF MEASURING CURRENT, RESISTANCE, ELECTROMOTIVE
FORCE, AND THE MAGNETIC FIELIM.

Voltameters; Measurement of current by fall of potential; By the
¢!¢ﬁr¢-¢alnr1me*ter' By means of ammeters . : a6

Resistance boxes ; Measurement of resistance by means of the langeut
galvanometer and of the differential galvanometer: Wheatstone's

bridge : The slide-wire bridge ; The box bridge . : qa
Measurement of . m. f.; PoggendorfT's method ; Method of the slu:le-
wire potentiometer . . g5

Comparison of fields; Method al’ vibratlnnn, Method of dt.ﬂ::ctiuns,
Method of tangent galvanometer; Method of the ﬁu#pended coil ;
Kohlrausch's method . ; . : . ! : S

CHAFPTER VIL
PRELIMINARY STATEMENTS CONCERNING ELECTROSTATICS.

Charging by contact and separation; Electroscopes; Conductlons;

Charging by Influence ; The electrophorus . ; =e1
Electrical machines; Frictional machines; Holtz machine; W]mshursl

machine . . . Iog
Concentrated and dlslnhuted chm'ge, Cuu]nmh's l.:m- 'let of ch1rge,

Volume density of charge . : : . . 114

CHAPTER VI,
FROFERTIES OF THE ELECTRIC FIELD.

lntensity of field at a point; Superposition of fields; Electde flux;
Gauss™s theorem . . . . ‘ 4 . « 113



CONTENTS.

Surface density of charge; Experiments with hollow conductors; Field
of an isolated charged sphere ; Fleld near an infinite plane ; Screen-
ing action of condwectors; Electric charges and lines of force;
Coulomb's theorem ; Outward pull on the surface of a charggd con-
ductor ; Faraday's tubes . . ’

Waork done in moving a charge; Dlﬁerence of putentml 3nd 2. m. t'
deﬁned Potential at a poInt Eqnipotential surfaces; Electric

CHAFTER IX.
ELECTROSTATIC CAPACITY ; ELECTROMETERS.

Muteal relation of two conductors ; Unit of capacity ; Energy of charge
Condensers: Case of lsolated sphere, of coaxial cylinders, of parallel

plates; Leyden jars; Specific inductive capacity . . ‘
Absolute electrometers; the quadrant elecirometer ‘

CHAFTER X.
FHENOMENA OF DISCHARGE.

Convection and conduction; E. M. F. of contact: Case of convective
charge and discharge

Disruptive discharge; The electric 5p::rk [-"aih of frhe sp;:rk .

Electric strength ;. Maximum charge : I’rngress of spark ; The usc:llalor}
spark ‘.

The spark gauge ; Brnsh dlsdzar-re Dl-schargf b'lr hm air; Lffect al'
pressure ; :

Crockes’s effect ; L‘athode FAYVS ; R{'intgen n}r-;. The eiec:ric arc ; Chemi-
cal action of the dlm:ha.rg: Electric waves; Herte's experiments:
The Teslacoil . . . ¥ 4 i

& CHAPTER XI.
MAGNETISM 1N TRON,

Magnetic flux ; Definition of magpetomotive force ‘ .

Magnetization of iron; The electromagnet ; Permanent magneh ‘

Induction in tron ; Magnetizing force ; Susceptibility ; Permeability

Magnetic properties of lron and steel ; Work required in magnetization ;
Hysteresis ; Saturation . ; : : 3 2 i . 5

Molecular theory of mageetization; Infivence of temperature; Para-
magnetism ;1 Diamagnetism

Ewing's method of testing iron : Hmﬂaml": mclhm'[

vii

FALR

118

127

L34

136
141

145
g

150

150

159

7o
173

I?g
18z

158
g



Vil CONTENTS.

CHAPTER XII.

INDUCED ELECTROMOTIVE FORCE! MUTUAL AND SELF INDUCTION.

Induced com. f ;) Divect carrent dynamo ; Alternating current dynamo
Eddy currents . . . . . . . . . .

lnductance of a coil ; Self-induced e m. £ and magnetic Aux; The extra
current ' ' "

Units of self and nmtual lru'Jl.w:Iirrn't1 Clrtul:lﬂon af charge due to mdu!:—
tion: Force action between colls; Production of e.m.f. by motion
of one coil : The electrodynamometer

Phenomena of mutual and self induction; Spark zt break nghtnmg
arreaters ; Non-inductive coils. The induction coil ; The trans-
former

CHAFTER XIII.
THERMOELECTRIC CURRENTS,

Seebeck’s discovery : Peltier's effect ; Thomson's effect; Thermoelectric
power; The thermoelectric diagmm i MNeutral temperature of two

metals - . + + '
Thermoelements for measurement af lﬂmpe‘mture Thermuelectnc bat-
teries .

CHAPTER X1V,

SOME - PRACTICAL APPLICATIONS OF ELECTRICITY AND MAGNETISM.

Telegraphy, simple, diplex, duplex, and quadruplex; Cables; The
siphan recorder ' =l ' :

The telephone; Preece’s law ; 'I“he nrhnn tram-.mmer .

Dynames and motors: Electric lighting; The incandescent lump, lht
arc lamp; Electric furnaces; Miscellaneous applications

CHAPTER XV.

FAGE
a4

200

204

211

232
230

233

SYSTEMS OF ELECTRIC AND MAGNETIC UNITS; THE ELECTHROMAGNETIC

THEQRY (F LIGHT.

Résumé of electric and magnetic equations; Independent equations
Derived equations: Isolated equations . SO

Electromagnetic equations; The electromagnetic wave: S}-Etems nl’
electrie and magnetic units; Electromagnetic system ; Electrostatic
ﬂTﬁtﬂ.m "

.

240

245



