Lecture 20

® calculating electric flux

® clectric flux through closed surface
required for Gauss’s law: calculate £ more
easily; applies to moving charges

® Uses of Gauss’s Law: charged sphere, wire,
plane and conductor




Calculating Electric Flux |
(b) n

flow

The air flowing through the
loop 1s maximum when 6 = 0°.
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Unit vector
normal to loo
p S

(c) The loop is
tilted by angle 6.

No air flows through

the loop when 6 = 90°,

. Analogy: VOlU.me Of ELiI’ I)e:['C )pégéoa‘}l” ““(lnn Pll|3hln/d 451 son Wesley

v, = vcosf 1s the component of the
air velocity perpendicular to the loop.
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® Electric Flux (amount of I thru’ surface): &, = F A = EAcosf

® Areavector: A = An —d, =E-A (electric flux of a constant electric field)

E, = Ecos0 is the component Normal to
of the electric field that passes surface
through the surface.

Surface @ 1s the angle

of area A ‘ between 71 and E.
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(a)

Area vector A is
perpendicular to
the surface. The
magnitude of A 1s
the surface area A.

(b)

i

v

The electric flux
through the surface
is & = E-A.
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Calculating Electric Flux Il

Piece j

N

P

Piece i The total area A can be divided
into many small pieces of area dA.
E may be different at each piece.
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The flux throu gh
this little piece is
6®. = E - (6A).

Curved surface
of total areca A
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Uniform FE,
flat surtace:

/ E.dA
sur face

/ FE cos0dA

ECOSH/ dA
ECOS@AW

/ E.dA
sur face

| Eaa

E/ dA=FEA

o0, P,=36P.=>, F;. (0A), — &, = | E-dA

surface

to the surface. The flux
1S Zero.

(b)

—

Eis everywhere
perpendicular to the
surface and has the same
magnitude at each point.
The flux 1s EA.
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Calculating Electric Flux I
Closed surface ( A points toward outside: ambiguous for single

surface): d, = fE,dA

strategy: divide closed surface into either tangent or
perpendicular to E

example: cylindrical charge distribution, E = E; (v?/r2) # (7 in 2y-plane)

(I)wall — EAU)CL“ (b) Z "‘.Thc field is

everywhere

Radius R .
\C/ perpendicular
x to the wall.

et
/ E.dA «—

—

L
&

L
(I)top + Ppottom + (I)wa,ll /44

“~.There is no field

O0+0+ FEA,,,;  Gaussian surface through the end.
y

Electric field, looking along z-axis
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FI ux d u e to POi nt Cross section of a Gaussian sphere of

radius r. This 1s a mathematical surface,
not a physical surface.

charge inside... B
® Gaussian surface with /

Point charge ¢

same symmetry as of o=
charge distribution
and hence [

Every field line passing through the

¢€ — f E.dA — EASthTG ThE & P el IS Crefyiche smaller sphere also passes through the

perpendicular to the surface and has larger sphere. Hence the flux through

(E J_ and same at all pOlntS) the same magnitude at every point. the two spheres is the same.

q . —
Areqr? ) Asphere = 4mr
q

- (a) Pointcharge The spherical pieces are

€0 ©
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)

C

centered on the char

flux independent of
radius

approximate arbitrary

Gaussian surface The radial piccc; are along
ShaPe coe of arbitrary shape  lines extending out from The spherical pieces can slide in or out to form
' the charge. There’s no flux a complete sphere. Hence the flux through the
through these. pieces is the same as the flux through a sphere.
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€0 pieces can be as good as desired by letting the
pieces become sufficiently small.




Charge outside..., multiple charges...Gauss’s Law

(a) (b) A 1s parallel to E, so
the flux is positive
The flux 1s negative The flux 1s positive ]
on some pieces of on some pieces of
the surface. =~ the surface.

Closed /
surface Two-dimensional

Cross section

Point charge
outside surface

A 1s opposite to E, so
- . ‘ _ the flux is negative.
Approximating this surface with spherical -
and radial pieces allows it to be reassembled :
as the surface to the right that has the same flux. The fluxes through these surfaces are
equal but opposite. The net flux is zero.
The fluxes due to charges

outside the surface are all zero. Copyright © 2004 Pearson Education, Inc.. publishing as Addison Wesley

son Wesley

% E = E\ + E5 + ... (superposition) =
P /EldA+ Ey.dA+ ..
< crossseaion of s Oy + Py + ...

Gaussian surface
qa | 92 o
® + —...for all charges inside

@ \ Total charge €0 €0

—) inside is Q. .

+(0 4 0 4 ...for all charges outside)
' = g1 + g9 + ... for all charges inside =

The fluxes due to charges
inside the surface add. ¥ Q

b, = OF - dA

®
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Using Gauss’s Law

Gauss’s law derived from Coulomb’s law, but states general
property of I/: charges create F ; net flux “flow”) thru’ any
surface surrounding is same

quantitative: connect net flux to amount of charge

Strategy

model charge distribution as one with symmetry (draw picture)
symmetry of £

Gaussian surface (imaginary) of same symmetry (does not have
to enclose all charge)

F either tangent (¢. = 0) or perpendicular to (&. = EA)surface

O, = %E'(I'A — in

€




Charged Sphere: E outside and inside

® charge distribution inside has
spherical symmetry (need

not be uniform) L A
(I)G — f EdA — QE_:,)n ‘ ]§cl[:\|nt\1\1:11iit\l\1;:1%11;
EASphere _ E47TT2 the surface.
(don’t know E, but
same at all points on surface)
= b = Q Sphere of

d7eg . total charge Q
(same as point charge)

flux integral not easy for
other surface

Gaussian

surface
\
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Gaussian surface inside
. o . the sphere of charge
USIHg superposmon requwes

3D integral!

spherical surface inside Sphere of
sphere = Qin 7+ ¢ total charge Q




Charged wire and plane i gene Ganssbin

® mOde S Iong Iine." the .\'L‘lrfugc on the ends. L surface
The flux 1s Zero.

b, = (I)top + Prottom + Puwall

= FE2nrlL
D = Z2; Qin = AL
— Ewire — 271')6\()’)“ :
® independent of L of imaginary... s B S Bl

the surface on the cylinder wall.

® cylinder encloses only part of
wire’s charge: outside does not
contribute to flux, but essential
to cylindrical symmetry (easy
flux integral); cannot use for

finite length (E not same on wall)™ 415_(1

Infinite plane of charge Gaussian surface

o+
+1+ +
e
+ + +
o+ + +
O
+ N+ + +

E

_/—j.

= e

+ N+ + + +

_+_

+ + 4+ + +
ot

+ +

Gauss’s law effective for highly
symmetrical: superposition
always works...

o+ -




Conductors in Electrostatic Equilibrium: E at surface

®r;, = 0if not, charges (free to move ) would..

® net charge — E # () outside

The electric field inside
* the conductor 1s zero.

e If F tangent to surface, charges move...

P, = AE,r tace for outside face
1-0 for inside face (E;, = 0)

+0 for wall (E L surface)

b, = Q?? an :UA =

€

0
The electric field at the surface
1s perpendicular to the surface.

Esurface = (Eﬂ, 1 to surface)

f

Surface charge

The flux through the Gaussian surface
1s zero. There’s no net charge inside the
conductor. Hence all the excess charge
1s on the surface.

Surface charge
density 1

The electric field 1s
perpendicular to the
surface.

Gaussian
surface




With i n CO n d u Cto r. .o (b) The conducting box has been polarized
(a)

Parallel-plate capacitor and has induced surface charges.

A hollow completely
enclosed by the conductor E

N
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The electric field 1s perpendicular
to all conducting surfaces.

The flux through the Gaussian surface 1s We want to exclude the
zero. There’s no net churgc inside, hence electric field from this 1‘Cgi()n_ Copyright © 2004 Pearson Education, Inc.. publishing as Addison Wesley
no charge on this interior surface. The flux through the Gaussian surface 1s zero,
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hence there’s no net charge inside this surface.
There must be charge —¢g on the inside
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® excess charge on exterior surface

e [ = ( inside hole (F = Oinside
conductor and no charge in hole):
screening

Neutral
conductor

Point
charge ¢

charge inside hole of neutral
COndUthr POIarizeS... order that the conductor remain neutral.

The outer surface must have charge +¢ in




