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Problem [ (Conceptual questions, 40 points total):
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Figure 1.

A hollow conductor has a cavity inside (white region) and carries a total charge of Q > 0,
as shown in the figure. The conductor is insulated from the rest of the world. Answer the

following questions. (No explanation is required)

a)} (3pts) What is the total charge on the inner surface of the cavity?
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b} (2pts) What is the electric field at point a?

= =0 sHawse curced wduaed = vt alectsstadie)
B = ( a%,..:\'. e |

c) (2pts) What is the electric field at point b?
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d) (2pts) Which one is stronger, the electric field at point ¢ or the electric field at point 47
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e) (3pts) Let Va, Vb, Vc be the electric potential at points a, b, ¢ respectively. List the
relative order between them: (i.e. which one is larger than which one, etc.)

f) (3pts) Now consider the equi-potential surface 1 (dotted) shown in the figure. What is
the integral of the electric field over the surface 1?
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g) (3pts) Suppose the potential is 10V on the surface 1, and 6V on the surface 2, what is
the work done by the electric field if a charge g moves from point P to point P,?

— _0\’5 \/ = — OL(CD\I"lQV) = (Ll \) °L

h) (3pts) What is the potential at a point that is distance R away from the conductor?
Suppose R is much larger than the conductor size and there is no other charge in the
world.
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i) (3pts) If we release a particle with charge g > 0 at rest at point Py, the charge will
accelerate and move away from the conductor. What is its velocity when the charge is
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i) (3pts) Draw a field line passing through point Py, indicate the angle Beﬁ?eén the field

line and the equi-potential surface.
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Three conductor spheres of different sizes are connected to each other by conducting wires.
Let Vi, Va, V3 be the potentials on the three spheres, while E;, E;, E; be the electric fields
right outside three spheres.
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k) (2pts) List the relative order between Vi, V, V3
1) (2pts) List the relative order between Ey, Ez, E;
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m) (3pts) A junction with five branches in certain circuit is shown above. Show in the
figure the direction and magnitude of the current on the center branch with question
mark.

ta) {b) Dielectric
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n) (3pts) See the figure above. A parallel plate capacitor carries charge Qp in the left.
Now consider inserting a chunk of dielectric materials with dielectric constant x >1,
how does the voltage between two plates change?
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0) (3pt§) Now consider a parallel plate capacitor that is connected to a battery with EMF
shown in the figure. As we insert a chunk of dielectrics with dielectric constant k >1
between two plates, how does the charge on the capacitor change?
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Problem 2 (20 points)

Initialty the switch 1s in position A and capacitors C; and C; are uncharged.
After the switch is flipped to position B, what are the charge on and potential
difference across each capacitor?
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Problem 3 (20 points})
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The figure above shows two uniformly charged spheres. The distance between the centers of
two spheres is 100cm, s shown in the figure.
a) (10pts) What is the potential at point a? (Hint: The potential at any point 1s the

superposition of the potentials due to all charges. )
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b) (10pts) With two spheres fixed in space, suppose we release a mass point with negative
charge -10 nC and mass m at point a. What is the minimum initial velocity of the mass point

so that it can reach point b?

Need do nd WV oas o funchion o position

Eﬂ_’u'\‘;b‘l'ﬂa/\"ka;( fiwes :

Vix)
(=6

'5'9!\0 L

omd. U= (<i0we )V | o U >U, 20,
— lnegt wba +s 30 S M
a‘)TWhmum ?_MO_Q 0\/__0 (OA-E O}

!mjtu,.e,m gf{\w

_ 1 asase | A
VJ"J“@) the, [x (mm—ﬂ

P do gm0 laadem

w* (‘:-TX‘B
U = + (—lDwC}(JS‘XLSqG) _’_‘_'t__ +_...L—-. 4-'-'9\3(12') j_
Koo pe——— Gl 33m
C»

OaZ 4qVa= ~6ibes? (3.3 102V)=3.5x10™> T~

(g l<
AL= 1.%x16 j:im\ﬁ_ = lv__ S‘lxi\c;;\_( ) g




Problem 4 (20points)
Partone:
The total amount of charge in coulombs that has entered a wire at time t is given by
the expression Q = 2 t - 3 t%, where t is in seconds .

a} {5pts) Find an expression for the current in the wire at time t

d-t

b) (5pts) Graph I versus t for the interval 0<t<4 s.
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Part two
A 30 cm long copper wire with diameter 2Zmm is connected to a battery with EMF 3.0V.

a} (5pts) What is the electric field inside the wire?
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b) (5pts) What is the current density inside the wire?
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