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Some History of Electricity and Magnetism
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Some History of Electricity and Magnetism

e Chinese
— Documents suggest that magnetism was observed as early as 2000 BC
- (BRF) NGHRERHIA: ik, Bglzi. ”
— JEFSTIAGH—7FrE . Ak E A
* Greeks
— Electrical and magnetic phenomena as early as 700 BC

— Experiments with amber (¥%¥H) and magnetite (RZZH")
1600
— W. Gilbert showed electrification (EE##c H1) effects were not confined to just amber

— The electrification effects were a general phenomena

e 1785 C. Coulomb confirmed inverse square law form for electric forces

FEC R HELfeT 55 FEL e [ A AH ELAR
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« 1819 Hans Oersted found a compass needle deflected when near a
wire carrying an electric current

BRI BRI, ZEKMERSE
[] I AE ELAE AR

« 1831 Michael Faraday and Joseph Henry showed that when a wire
1s moved near a magnet, an electric current is produced in the wire

AP R BN e A

« 1873 James Clerk Maxwell used observations and other
experimental facts as a basis for formulating the laws of
electromagnetism; Unified electricity and magnetism

i eSS (ot

« 1888 Heinrich Hertz verified Maxwell’s predictions

He produced electromagnetic waves

R 24 FE SES P IE SE LR AFTE, 62 LK.
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§1.1 Eafa A0 B fay ST 1E ﬁ@

EeEg £
-‘q“ ._LL_A
Charles Auguste de Coulomb, 1780
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§ 1.1.1 HLfr AN A P E E
1. PR E qer —

There are two kinds of electric charges called positive and negative
» Negative charges: electrons

 Positive charges: protons
Charges of the same sign repel one another and charges with opposite signs
attract one another

BIE e (IF A /A H (4 )
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2. Hfaf ST {H 2 A2

2 (law of conservation of charge)

g SR R SCRI RGN, IES
ERIFAZL

FELfe] HOA QBRI EAE (T Y B I A -

1 3k

FEAR FITHR ), RYFEE-

* Electric charge 1s always conserved

in an 1solated system

— For example, charge 1s not created in

process of rubbing two objects together
— The electrification is due to a transfer

of charge from one object to another

the

LA E

©2004 Thomson - Brooks/Cole
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22 81 RL S 4K (conductor), 8% 44 (insulator), 3 544K (semiconductor)

* Electrical conductors are materials in which some of the electrons are free electrons
— Free electrons are not bound to the atoms
— These electrons can move relatively freely through the material
— Examples of good conductors include copper, aluminum and silver

— When a good conductor 1s charged in a small region, the charge readily
distributes itself over the entire surface of the material

« Electrical insulators are materials in which all of the electrons are bound to atoms
— These electrons can not move relatively freely through the material
— Examples of good insulators include glass, rubber and wood

— When a good 1nsulator 1s charged in a small region, the charge 1s unable to move
to other regions of the material

« The electrical properties of semiconductors are somewhere between those of
insulators and conductors

« Examples of semiconductor materials include silicon and germanium

2011/3/3 College Physics (Il) 15



3. HfiiE T
1906~19174F, FEIHE (R.AMillikan ) HETEENE 7T HFH
ff, EBAUMRL TR B E R R A TELER, REEZTHAT e
RIS BUR T B 2 E T,
E45 TR, BT RBAFFHEENR/DNAER, B TFRER/NIIEHRSR.

19864 IHEFFEN: e =1.60217733x 10710 L (C)
B fif & T4k (charge quantization) & 4N S246 FH .

i EFHEEHAIERRAERE TR 7Rk
— 19324F Nobel prize

4. B far HIAH I AN AR .

EARKSRARNME, F— i kT K R
AR By I — 12 [ U LAy U AR R TR AN B
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§ 1.1.2 FEEE(Coulomb’s law)

e Charles Coulomb measured the magnitudes of electric forces between two
small charged spheres

« He found the force depended on the charges and the distance between them

§~S"ﬁ§;‘§*°” » The electrical force between two stationary charged
el particles 1s given by Coulomb’s Law

Fik: EERTHWAFIL S BATZ ERIEA
NE e EERFRRIEL, 5
EATZ B BE S K5 BUR EE

The magnitude of the electrostatic force between two point

electric charges is directly proportional to the product of the

magnitudes of each charge and inversely proportional to the

square of the distance between the charges.

©2004 Thomson - Brooks/Cole
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§ 1.1.2 FEEEE(Coulomb’s law)

» The term point charge refers to a particle of zero size that carries charge

— The electrical behavior of electrons and protons is well described by
modeling them as point charges

>
17
N, =—F, =DHBENRE
1
b =
4re

g, =8.854187817x107°C* /(N -m*) F —_F
21 12
HXHARRIHEENHEE PEA F73 B LRI 88 = 2k
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Hydrogen Atom Example
Bl ESRTA, BT HETHIEENS3x10" 'm -

RENZEEMREERMGHE G 77, FHEEIRRA.
g m.=9.1x10""kg e=1.6x10"C
m, =1.67x107kg G=6.67x10""'N-m" kg™
1 e’ 6
F, = =8.1x107°N °
) 47 &) 7'2 . Fe

m.m
F,=G—-2=37x10"N | 1,

(T, 58 51 It ES 1/ %, AT BESATE. )
E 1 W SHRFRPIFE
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§1.2 Hij. BHHE
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§1.2.1 B

FEHE 370 W0 MRS EEEEE A HIErEE R

(1) #%%ﬁ%ﬁ%)ﬁ;a%
FH 7y ¢i> H, 75

(2) HIHH FILAER
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(3) HIRMIR M —FRBRE, AMUEET

L.

AR, T HAFET 7 BAARSh, BR JXZ BN

4) HEFRE. hE. RE. figiE. B
EAFAE . XFALTE B3 B oA R i B TR R

College Physics (II)

F

Limly
[PELIT




§1.2.2 HImWmE

. F
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‘B S5 FEAR (test charge) o<, RARE
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Electric Field — Introduction

» The electric field 1s defined as the electric force on the test charge
per unit charge

» The electric field vector, E, at a point in space 1s defined as the
electric force F acting on a positive test charge, g  placed at that
point divided by the test charge: E=F,/¢q,

E 1s the field produced by some charge or charge distribution,
separate from the test charge

The existence of an electric field 1s a property of the source
charge

—  The presence of the test charge 1s not necessary for the field
to exist

The test charge serves as a detector of the field

2011/3/3 College Physics (Il) 36
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B, frr 2 25 & B, oy [H] 25 & 1T 28 %5 &
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Problem Solving Hints

 Calculating the electric field of point charges: use the
superposition principle, find the fields due to the individual
charges at the point of interest and then add them as vectors to
find the resultant field

« Continuous charge distributions: the vector sums for evaluating
the total electric field at some point must be replaced with vector
integrals

— Divide the charge distribution into infinitesimal pieces,
calculate the vector sum by integrating over the entire charge
distribution

e Symmetry: take advantage of any symmetry to simplify
calculations
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