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(a)

Positively
charged wire
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Grass seeds

Negatively
charged wire
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(b)

Grass seed

Field line
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(a) A single positive charge (b) Two equal and opposite charges (a dipole) (c) Two equal positive charges

E

« JE

., e

“eneee. Field lines always point-----""""'At each point in space, the electric Field lines are close tog'éther where the field is
away from (+) charges field vector is tangent to the field strong, farther apart where it is weaker.
and foward (—) charges. line passing through that point.
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SHTEE Gauss’s Law

24 1
BHE RS (Carl F. Gauss, 1777-
1855 )

© 2012 Pearson Education, Inc



B IR E A R
Maxwell Equations, Finally

7.E=L
€0
7-B=0
i = — 48
o dt
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Field line

entering surface Satie Held Bie

leaving surface
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p-VAt-A

SRS EIRE = =pv-A TEHBEESfEpv-

At
A EUBHR IR E = MAGEE [ - [iRA

. ) A cross section
Wire at time ¢ 4

& of the wire
v

/
1
| v,
d
:ﬂ \ k‘o
_.' \ ‘.‘

/ There are n, electrons

per cubic meter of wire.

The sea of electrons
is moving to the right
with drift speed v,.

%
!

7</J\2%pv : ﬁﬁ?%unﬁ HIl f=pv

Kinetic Moge|
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Wire at time ¢ + At

Q)

Cross-section area A~ .7 Ax

The sea of electrons has moved
forward distance Ax = v, At.
The shaded volume is V = A Ax.
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EIGHHE o



EREEI B - AR5 R (E e -
SHTE > MERVIYESRR [ EIREHE e ey |

CI>E=E)-/T=E-ACOSH

£950 5t

SR
=<4

SRR AT > QBB RO, A |

il

REf B TSRV ] |

R\ﬂ/

B E R T EIIGREH



22.34 -+ A cube has sides of length L = 0.300 m. It is placed
with one corner at the origin as shown i L In Fig. E22.6. The electric
field is not uniform but is given by E = (=5.00 N/C-m)xt +
(3.00N/C- m)zk (a) Find the electric flux through each of the six
cube faces 81, 9,, 83, 54,955, and Sg. (b) Find the total electric
charge inside the cube.

S, (top)
5 :
(left /S(, (back)
side) -
N 5. / S5 (right
I ;;‘ side)
~ — )
NV L
/ I \
S5 (front) S, (bottom)

LS5 B i
®p=E-A=-5%030-A4i = —1.5%0.32 = 0.41 N/C-m
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Field line
entering surface

Same field line
leaving surface
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(a) The outward normal to the 5 (b)
surface makes an angle ¢

with the direction of E.
E,

’ fl
he projecfion of the

&
area element dA onto
the spherical surface

is dA cos .

ARSI 5 AV EAH T | dA cos ¢ = r2dQ

. — > _ 1 q 5 3 q ~ q
Py = E-dA = E’dACOS(]5 = 47_[80?.7« dﬂ_47-[80 dQ_?O



Field line
entering surface

Same field line
leaving surface
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The fluxes due to charges

outside the surface are all zero. o e © " :} = &
r 9 ®
::, -_‘ 0 i 0 ’3 ‘ -& QG o
@ °© ° o%g -
@ — ' S e e oc ﬁ ©
9 e o,  © ©ee® o ec = . s
@ /Two-dimgnsional o [ | °9 °cc © |0
cross section of a lO i . .
Gaussian surface ~ © © oo o, 1
® T e g
(+) @ Se e = & W+ o
\ ‘ e ° 0 e
@ Total charge ® (+)
» _ 1oL ehirg c © % _ g0 O
i® inside is Q.. ° Y+ o
£ e 0. o2 g, o
g g ° © 0. o °
The fluxes due to charges
inside the surface add. Plasma
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Gaussian surface
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(b) Idealized model 1 2
PN —
El Ez + El Ez El
= b& H G
a t——E, c

we ignore lrmgm

at the plate edges and
treat the field between =
the plates as uniform.

Cylindrical Gaussian
surfaces (seen from S,
the side)

-+ -+ &4

o
N T T T T O Ty ey

-+

(
(

WA EINERVES R A& E =
BIRIINES B

S| a

A IR AR A EEE TR FUUE

20
4 TN
i B B
+ l—f) =
E=0] ] —=—> [ |E=0
+ —
i - L
+ —




IR  EHE LARERIRAERA » SR MR R RS

Gaussian surface

EL_): E Gaussian \ lE /
dA /surface S I /

J

\ charged wire X \ ,

=5 ===

A1

S

BISR R SR > WiTE H R SR -

SR (] i 21 5 Y (B T T M |
MAEREEE F o SEPTREL > SEAE - HEEEMNISH FEERE -
FEMGE - BIBEHJATYT > HES A/ NES—(EEE |

L Al
jéE-dA=jE.dA=EjdA=EA=E-2nrl=ﬁ _
o <o

W EGEEEERL . q=Al
1




[FIBRRY T AW ] DB AR FE RRAVET BN - FEEH O R IR HIHTEE S,

22.41 A very long, solid cylinder with radius R has positive T <R °
charge uniformly distributed throughout it, with charge per unit
volume p. (a) Derive the expression for the electric field inside the
volume at a distance r from the axis of the cylinder in terms of
the charge density p. (b) What is the electric field at a point outside
the volume in terms of the charge '
per unit length A in the cylinder?

(c) Compare the answers to parts ~
(a) and (b) for r = R. (d) Graph | T
the electric-field magnitude as a K__ ﬁ}l =
function of r from r =0 to | |
= 3R. Gaussian——1I |
' surface : 'h
EEFE— [E] il AR Ry 0 B T A= 30T ! : |
| mm———— |
— - ¢ TL'T'ZZ ( \\\\\\ /j ~
fE-dAzE-anlzizp -
&0 o /’\

p

E=——r HHENEBEHEERpe porP=1

|
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I
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°e50 Figure 23-51 shows a
spherical shell with uniform
volume charge density p = 1.84
nC/m’, inner radius @ = 10.0 cm,
and outer radius b = 2.00a. What
is the magnitude of the electric
field at radial distances (a) r = 0;
(b) r=al2.00, (¢) r=a, (d) r=
1.50a, (e) r = b,and (f) r = 3.00b?

°e51 In Fig. 23-52, a solid
sphere of radius a = 2.00 cm
is concentric with a spherical
conducting shell of inner radius
b = 2.00a and outer radius ¢ =
2.40a. The sphere has a net
uniform charge ¢, = +35.00 {C;
the shell has a net charge ¢, =
—¢,. What is the magnitude of
the electric field at radial
distances (a) r=20, (b) r=
al2.00, (c) r =a, (d) r = 1.50a,
(e) r = 2.30a, and (f) r = 3.50a?
What is the net charge on the
(g) inner and (h) outer surface
of the shell?

+ + + + + + + +
+ + + + + + + +

FIG. 23-51 Problem 50.

FIG. 23-52 Problem 51.



22.41 * A very long, solid cylinder with radius R has positive
charge uniformly distributed throughout it, with charge per unit
volume p. (a) Derive the expression for the electric field inside the
volume at a distance r from the axis of the cylinder in terms of
the charge density p. (b) What is the electric field at a point outside
the volume in terms of the charge

per unit length A in the cylinder?

(c) Compare the answers to parts  , _,
(a) and (b) for r = R. (d) Graph
the electric-field magnitude as a
function of r from r =10 to
r = 3R.

Gaussian

/ surface
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. / surface

T BB x5 BE,(x,y,2) B EE L] |
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Maxwell Equations, Finally
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