Lecture 24

® Charges at microscopic level
® understand insulators, conductors...

® Quantify force: Coulomb’s law




Charge at microscopic level | 7
2 types of charges behave like positive |
and negative numbers, e.g. metal sphere

is neutral after receiving equal amounts
of 2...

which is positive is convention
(Franklin): glass rod positive, electron
attracted to it electron negative

The electron cloud 1s negatively charged.

A positive 1on with

¢
net charge g = +e

|‘I
1

Atomic-level/fundamental unit of
charge: +e for proton, -e for electron
(inherent property)

no other sources of charge:g = Nye — Nee = (N, — Ne) e anuiveionvin

net charge g = —e

(charge quantization) \

\

acquire positive charge by losing
electron (ionization); negative ion (extra
electron)




Charge at microscopic level |l
® charging by rubbing: molecular ions from breaking of bonds

® charge conservation (transferred by electrons/ions):qwool = —Qplastic

® charge diagrams: show net charge; conserve charge in next
diagram

Electrically
neutral molecule

\ Atoms

Bond

@ Cross section of a conductor @ Cross section of an insulator
Friction :
& &

These bonds were

.. broken by friction. .
Positive : Negative

molecular : molecular

ion ; —~"ion
= A

This half of the ™ This half of the

@ Net positive charge on surface € Net negative charge in interior

molecule lost an molecule gained an
electron as the extra electron as the
bond broke. bond broke.




Insulators and Conductors
® insulators: charges immobile

[__— Nucleus
—~ Core electrons

Valence electrons

® Conductors, e.g., metals: valence electrons
weakly bound, respond to electric forces; S
salt water: ions... : ey

Charging

conductors in electrostatic equilibrium: excess
charge located on surface (if in interior, forces oo
exerted causing move...)

Plastic

Metal

Valence electrons form
Metal a ‘‘sea of electrons.”

Charge 18~
transterred to the

metal upon contact. Copyright © 2004 Pearson Education, Inc.., publishing as Addi
@ Negative charges
are immobile on

- Rub the plastic rod This end 1s the rod’s surface.
7

I
with a piece of wool. still neutral.
L Wool :
These L'hill'ﬁ‘_k‘\
repel each other. :> y

The positive charge on h wool 18

Plastic

equal to the negative charge on the rod.

Charge spreads

over the surface
of the metal.




Discharging
human body (salt water) is (large) conductor:2
conductors in contact “share” charge

grounding: object connected to earth (conductor)
thru’ conductor to prevent build-up of charge ...

1}'il'l"l,lj_'|'| the

metal +human

Charge polarization

charged objects (either sign) force on neutral?

Very little

separation of charges in neutral

B]'ing a P()si[i \Cl) C]];n‘gcd gl;lss rod close to (d) Copyright © 2004 Pearson Education. Inc.. publishing as Addison Wesley

an electroscope without touching the sphere. The sea of electrons is attracted to the rod and (b)

shifts so lhi“\ ‘hk‘“‘_“\ excess negative charge on The electroscope 1s polarized by the charged rod.
the near surface. :
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The sea of electrons shifts toward the rod.
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£ A deficit of electrons—a net
" positive charge—is created
e on the far surface.
. . The metal’s net charge
The electroscope is neutral, yet L N O —

the leaves repel each other. Why? polarized by the charged rod.

Although the net charge on the electroscope i1s
still zero, the leaves have excess positive charge

and repel each other.



Electric Dipole

® Polarization force attractive (both signs of charged rods)

|. The charged rod polarizes

the neutral metal, causing the

. The rod exerts an upward Polarized atoms
—

on the excess

top surface to be negative and

the bottom surface to be positive.

3. The rod also exerts a

downward repulsive force on *,

attractive ftorce

electrons at the top surface.

) » L > " » . ".- y ST ™
. Because electric force
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the excess positive 1on cores

decreases with distance,
Thus there 1s
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®

at the bottom surface.

® charged rod picks up paper (insulator)?

.

down

a nct Uupw ard force on the

ncutral metal that attracts External

charge

It 1O

S

Insulator

G

Net force

the positive rod!

® atoms polarized (electrons still bound)...net force....... v

electric dipole: t

—>

In an 1solated atom. the electron
cloud is centered on the nucleus.

son Educ: 111(9 lllLC hlvahu

External
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es with separation

‘esley

(b)

Net force on atom

== Net force
Force on
nucleus @

«
Force on
h
electrons

External
charges

<= Net force

Center of

Center ol - -
: positive charge

negative charge .-~
Electric dipoles can be created by either
positive or negative charges. In both cases,
there 1s an attractive net force toward the
external charge.

['he atom 1s polarized by the external
charge, creating an electric dipole.




Charging by Induction
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Coulomb’s law

Klg:| g
Fl onZi™ F‘ onl — il_-)

Two

equal in magnitude, opposite in direction, posiive
along line joining
Copyright ©.2004 Pearspn Educatic
| lik

attractive for opposite, repulsive for
(vectors) poga

charges

point charges: size < separation between..

static charges (< speed of light)

Opposite

- -
charges /,
F

(/l



Using Coulomb’s law

Units of charge (derived from current):

e=1.6x10"1 C K =9 x10° N m?/C?
Rewrite in terms of €y = ﬁ = 8.85 x 10~ C%/N m?

_ 1 lgilg2]
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Superposition: multiple charges 1,2, 3...

FnetOnj:FlOnj‘|‘F20nj—|—...

Strategy: pictorial representation (show charges, forces
vectors...); graphical vector addition; x-and y-components




