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Thursday’s Question:

e Consider a spherical shell of charge with
radius R and surface charge density, o.

* The total chargeis Q = o A = 4nR%0.

« Whatis E at a point 7 located outside the
sphere? (r > R)
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Thursday’s Question:

* Gauss’s Law: gﬁs A-EdA = Qizside
0

-

e Spherical symmetry: E = E.7, n=7

¢S ﬁEdA:ETﬁS‘ dA = ETA: Qinside

€o
— A is the surface area of a sphere of radius r.
— Independent of how the charge is distribute (provided it
remains spherically symmetric)
 We had previously worked this our for a sphere with
uniform charge density p and the result is the same:
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Gauss’s Law ,\

Closed surface
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e Special cases: o 4 }‘
— 71 - E is constant everywhere on a surface \
. Tenfs A-EdA=A-E [ dA =ﬁ-EA\
— n - E = 0 everywhere on a surface
N Area of the surface
* Then [, A-EdA=0
— 7 - E is unknown but the surface area goes to zero
* Then [, AEdA=0

* You are free to pick the surface to satisfy either or
both of the special cases.



Questlo

which is located:

(a) Aninfinite line of charge with linear charge density A:

(b) An infinite cylinder of radius R with charge located only on its
surface with charge density 0 = 1/27nR:

(c) An infinite cylinder of radius R with uniform volume charge
density p = 1/mR*:

—

Which produces the greatest electric field? Enter (d) if you think
they will all be equal.
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Whenr > R...

Gauss’s Law: ¢ 7 -E dA Cinside
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Radial symmetry, 11 - E = E.. on the curved
surface, 11 E = 0 on the ends.

. 7 E dA = 2nrLE, and Qinege = AL
Electric field: E = A/2me,r



Whenr > R...

— ————

Because | already told
you that 0 = A/27R...

]
e Same cylindrical symmetry:
$. fi-EdA = 2nrLE,

e This time, Qjn5ige = 2TRLo = AL

e Electric field: E = AJ2meyr
e This is the same as for the infinite line of charge.




Whenr > R...

E; g :
Because | already told
you that p = A/mR?...

—_—
Same cylindrical symmetry:
§. fi-EdA = 2nrLE,

This time, Q;y,c;qe = TR*Lp = AL

Electric field: E = AJ2meyr

This is the same as for the infinite line of charge
and for the cylinder. The correct answer is (d).




Question
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Now consider the electric field at a distan
on which is located:
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(a) An infinite line of charge with linear charge density A:

(b) An infinite cylinder of radius R with charge located only on its
surface with charge density 0 = 1/27nR:

(c) An infinite cylinder of radius R with uniform volume charge
density p = 1/mR*:

—

Which produces the greatest electric field? Enter (d) if you think
they will all be equal.

R




Whenr < R...

Gauss’s Law: 565 A-EdA = Qizside
0

For the line, all charge is located on the z-axis,
SO Qinsige = AL

For the cylindrical surface, all charge is located
at radius R > 7 50 Q5540 = 0.

For the solid cylinder, some charge is located
at radius R > 1, s0 Qjnsige < AL.

Correct answer is (a).



Electric Field at a Surface

Consider an sheet with surface charge density o.
What is the electric field at the surface?

In the absence of any external electric field, we

expect that Eis perpendicular to the surface.
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Normal component of E-field: E, = e
0




Electric Field in a Conductor

e Here’s the argument:

— An external electric field exerts a force on charge carriers
which causes them to move

— They will continue to move until their electric field negates
the external field

— The motion stops when the net electric field is zero
— This is called “electrostatic equilibrium”.

 Main point to remember:
Inside a conductor, the electric field is always zero.
(Provided it is in a state of electrostatic equilibrium.)



Electric Field in a Conductor

e Tiny pieces of dust line up
along the electric field
lines.

e Electric field lines are
always perpendicular to
the conducting surfaces.

 There is no electric field
inside the conducting
cylinder.




Surface Charge on a Conductor

* An electric field will attract or repel the charge
carriers in a conductor, and they accumulate on the
surface.

e What is the surface charge density of a conductor in

an electric field? ) .
e Gauss’s Law: 995 A-E dA = Xinside
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Surface Charges: Summary

* The normal component of the electric field on each
side of a sheet with surface charge o

p _0
" 26

* The normal component of the electric field outside a

conductor in electrostatic equilibrium:

o
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Example:

e Consider two infinite sheets with surface charge
densities o

+o —0
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e What are El, Ez and E3 in regions (1), (2) and (3)?



Example:

e A conducting sphere of radius Ry is
concentric with a thin, conducting
shell of radius R,:

— Inner sphere has charge Q4

— Outer sphere has charge Q,
e How is the charge distributed on the
sphere?
(a) There is no charge on the sphere.

(b) The charge is uniformly distributed
on the outer surface of the sphere

(c) The charge is uniformly distributed
throughout the sphere.



Example:

e A conducting sphere of radius Ry is
concentric with a thin, conducting
shell of radius R,:

— Inner sphere has charge Q4

— Outer sphere has charge Q,

e How is the charge distributed on the
sphere? / We just said it had charge Q...

(a) There is no charge on the sphere.

(b) The charge is uniformly distributed

on the outer surface of the sphere

. . .. But then Qjnsige # 0
(c) The charge is uniformly distributed -nd therefore E % 0

throughout the sphere. <~ whichcant happenina

conductor.



Example:

* A conducting sphere of radius Ry is
concentric with a thin, conducting
shell of outer radius R5:

— Inner sphere has charge Q4

— Outer sphere has charge Q,
e What is the electric field at...

(d) r< R{? I:> E = 0 because it’s in a conductor.

(in electrostatic equilibrium)

(b) Ry <17 <R,? =>F=— %,
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(c) r> R,? == E= L Gtz
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Example:

* A conducting sphere of radius Ry is
concentric with a thin, conducting
shell of outer radius R5:

— Inner sphere has charge Q4

— Outer sphere has charge Q,

e What is the surface charge on the
inner surface of the shell?

— Electric field inside the shell must be
zero (it’s a conductor)

— Gauss’s law says that Q;,5iqe = 0.

— There must be a net charge of —(Q4 on
the inner surface of the shell.



Example:

e A conducting sphere of radius Ry is
concentric with a thin, conducting
shell of outer radius R,:

— Inner sphere has charge Q4
— Outer sphere has charge Q,

e What if the inner and outer
conductors were connected with a
wire?

(a) There is no charge on the shell.

(b) All the charge is uniformly
distributed only on the outer surface
of the spherical shell

(c) The charge is uniformly distributed
on the outer surface of the sphere
and the shell.




Example:

e A conducting sphere of radius Ry is
concentric with a thin, conducting
shell of outer radius R,:

— Inner sphere has charge Q4
— Outer sphere has charge Q,

e What if the inner and outer
conductors were connected with a

wire?
— There can be no surface charge
inside the shell. If there was, it The total charge
would create an electric field, must be distributed
charges would move and the on the outer surface
system would not be in of the shell.

electrostatic equilibrium.



Question

* An isolated conductor of arbitrary shape has a net
charge of +10 Coulombs.

* |nside the conductor is a cavity that contains a point
charge of -3 Coulombs.

* What is the net charge on the inner surface of the
cavity?

(a) -13 Coulombs
(b) -3 Coulombs
(c) 0 Coulombs
(d) +3 Coulombs
(e) +13 Coulombs



