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2.4.1 The work done to move a charge

o The work needed to move a charge from point a to point b is given by

W = jF dl = —Qf E-dl=Q[V(b) —V(a)]

F opposite to £

» The potential difference
between points a and b is V(b)) —V(a)] =w/Q
equal to the work per unit
charge required to carry a
particle from a to b.

o To bring the charge @ from far away to its position at 7* ,

V(a) = V(0)=0 implies W = QV (r) or Potential is potential energy
per unit charge
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2.4.2 The energy of a charge distribution

o 'The work needed to assemble a collection of point charges

N = 1
Wy =qV(ry) = 0, W, = q,V (1) = A1z

4mEY 717

- 1 4143 1 q2q;3
Wi =q3V(r3) = -
3 q3 ( 3) 4TTE€EY 713 4ATTEY 123

1 |
W =W, +W,+ W, = (%qz LB qu3>
ey \ 712 713 4T€Ey 1733

o In general for n charges

n n n n n
1 q:9; 1 9, 1
W=4ne 1 :87'[6 Vi =§ 1
09 =1 j=1y>i Y 0 =i e i=1
n
1 R
W = E in(rl
=l
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2.4.3 The energy of a continuous charge distribution

n
1 ] 1 1 1
Wzizqiy(n.) W=§ijdT W=§jana W=§j/1le
i=1

1 P(T_'>1)P(7_")2)
W = ~ ——dt,d
8me J J |7, — 15 t1dt2

This can be rewritten in terms of the electric field
1

1 . e e
W=EfdeT=§j(EOV-E)VdT=62—0f[V-(VE)—VV-E]dr

=E—O j EZ%dt

all space
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2.4.3 The energy of a continuous charge distribution

Find the energy of a uniformly charged spherical shell of radius R and total charge g

1 q dme, T 2k
E(@) = 47T€0T_2T i V() =4 10q
— <R
0 r<R 47, R r
p(P) = ——5(r — R)
4 R?
27'[7'[001 ) 100 )
) : q q
W === E?dr = ]]j— 6 drdfdp = — — =
2 f [ 327‘[ €o pa TOSIMTAT ¢ 8meo |, 8meR
all space 0 0O R

0§

2

[ 5 .4
AnR2 6(r — R)V(r)r“sinf drdfdg 8e R

S
o — 3
)
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2.4.4 Comments on Electrostatic Energy

_INT 1 :
VA= ZZCILV(TL) W = EfdeT BUT W = 70 j E2dt

all space

2T T © 1
2 _
—1“sin 6 cos 8 drdfd¢ =
3271’ €o j j ,[ 7 ¢
0 0
It does not take into account the work needed * For an isolated charge, it indicates that the
to create the point charges in the first place; energy of a single point charge is infinite.
we started with point charges and simply * The clementary particles change only their
found the work required to bring them relative position (interaction energy).
together. * Itis important how much energy it takes to

make an elementary particle and the field it
carries carries along.

The two formulation give similar results for a continuous distribution there is no
distinction. This is because the amount of charge at a given point is extremely small, and
its contribution to the potential is negligible.

) 24,2 1
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2.4.4 Comments on Electrostatic Energy

Where is the energy stored?

1 2 :
W—EJ,DVdT W—? j E<dt

all space

OR

o The difference 1s purely a matter of bookkeeping
o Total energy should be the same. The choice depends on the
application
o In radiation theory it is useful to regard the energy as being stored in the
field, with a density u =2 £

o In electrostatics it is commonly used it 1s stored in the charge, with a

density 1/2pV

4.% p, 0 L ¥/ —\ :7 .
e N e Chapter 2: Electrostatics
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2.4.4 Comments on Electrostatic Energy

The superposition principle?

€ € - - ,2 € — -
—OjEzdr=7oj|E1+E2| drz?of(Elz+E22+2E1-EZ)dT:W1+W2+W12

W. —
tot 2

W12 = €p f El : Esz
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2.5 Conductors: Basic Properties

o The electric field and net charge density is zero

inside a conductor
V-E=£;§=0—>p=0

€o
o Any net charge resides on the surface

o A conductor is an equipotential surface

o The electric field is perpendicular on the surface

« \When a conductor into an

external electric field EO,
induced charges produce a

field E .
« E, tends to cancel E,.

N I I

+ 4+ +++ +

[

+
+
+
+
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+
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2.5.2 Induced Charges

- If you hold a charge +q near an
uncharged conductor, the two will
attract one another. The negative
iInduced charge is closer to q.

o There is a net force of attraction

o If there is some cavity in the
conductor that contain a charge,

o The electric field in the cavity will
not be zero.

o No external fields penetrate the
conductor; they are canceled at
the outer surface by the induced
charge.

97 9 WALy v
fv_-»/") ,' ./_ -1
— )\\—/. -
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2.5.2 Induced Charges

Find the electric field of a
metallic sphere of radius R and has a

cavity that contains a point charge q

Conductor
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2.5 Conductors

m Compare
the field strength at
the two ends of a
lightning-rod

‘{Z'.? h2rg) VB
V.‘) AL .
fup, 8 r— A—-.-) e
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2.5.3 Surface Charge and Force on a conductor

For a conductor, Ebelow = Ebelow =0

1 Eabove = Eabove =0

eO

The electric field just out side the conductor
- 0O

E = —n
above 0

['he surtace charge density on a conductor can be determined

1%

o= ~Cog,
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2.5.4 Capacitors

-

AV=V(+)—V(—)=—[+E-dl

(2 1 ,0(7:),) ~ !
Recall E(r) = f 7dt
477:60 4’"2

Doubling Q@ does double p everywhere
Therefore, E is proportional to Q

AW =Vdq = £dq

AV «x Q

C = Q/AV 7 -

"..//' g ° vy v ﬂ
%__/ AR Chapter 2: Electrostatics 14
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2.5.4 Capacitors

In nature: In geometry: In algebra:

_—
Energy Reservg®
Capacitor Ground +

® O S P

P ” v
r— )l\—-.-/ e
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Find the capacitance of a parallel plate capacitor of cross section area A and

separation distance d

O

o

P = z 0<z<d

0
0 otherwise

+ 1 I
AV=V(+)—V(—)=—j E-dl

Oa ad _Qd
AV:—j G
d €o €o AEO

A
EOE
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Find the capacitance of a two concentric metallic spheres of inner radius a
and outer radius b

1 0 . b
B = 4n60r—2r a<r<

0 otherwise

-

AV=V(+)—V(—)=—f+§-dl

a

| 1
wen [ Qg ]
p 4megr 4meg T

i 47?60 (Cll F %)

b

SR 0 _ 4mab
AV (0 1 1y -
47160(5_5)
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Find the capacitance of a two concentric metallic spheres of inner radius a
and outer radius b

1 ¢ <s<b
E = ZTCLEOSS ¢

0 otherwise

-

AV=V(+)—V(—)=—f+§-dl

1 Q Q ’
AV = — — =
4 jb 2rtLeg Sds 2rtLeg (5
= 31 ()
- 2mle, b a
21L
-_2Q Q .
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