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This problem has five multiple choice questions. The best answers are marked with [X].

L and R are two uncharged (neutral) metal spheres on an insulating wood table. The
spheres are in contact with each other. A positively charged rod R is brought close to L
as shown in the figure to the left below. Sphere R is now moved away from L, as in the
figure to the right below. What are the final charge states of L and R?

[A] Both L and R are neutral. [X] L is negative and R is positive.
[C] Both L and R are negative.
[D] Both L and R are positive. [E| L is positive and R is negative.

O ON=NONO

left right

The charge on the square plates of a parallel plate capacitor of area A and separation d
is Q. The potential across the plates is maintained with constant voltage by a battery as
they are pulled apart to twice their original separation.The amount of charge on the plates
is now equal to

[Al4Q. [B]2Q. [C]Q. [X]Q/2. [E] Q/4.

One very small uniformly charged plastic ball is located directly above another such charge
in a test tube as shown in the figure to the left below. The balls of mass m are in equilibrium
a distance d apart because of the weight mg of the balls, and the electrical forces. If the
charge on each ball is doubled, but the masses remain the same, the distance between the
balls in the test tube would become

[X] 2d. [B]d. [C]4d. [D]8d. [E] v2d.

et e
GL .

A charge ¢ hangs from a string that makes an angle § with a large sheet with surface
charge density o as shown in the figure to the right above. At equilibrium

[X] tan = =24 [B] tanf = 2e0myg [C] tanh = 24 [D] tanf — cmg

2epmyg oq eomg oq

[E] The length of the string is needed to give the answer

A charge ¢ is at z = 0 and a charge 4q is at x = L. Find where on the x axis the electric
field E = 0.

AJAtz=2% [BlAtz=Z% ande=-L [ClAtz=-L [X]Atz=% [E]Atz=1L
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The figure to the below shows four charges, q1,q2, g3, and ¢q4. S is a Gaussian surface
(closed surface) with g1 and g2 inside. The other charges are not inside S. Consider Gauss’
law and choose the true statement.

[A] Charges g3 and ¢4 outside the surface do not affect E on the surface.

B] fSE-ndA: Dtg2—gs—0a Y] fSE-ndA: % [D] fSE-ndA: ¢1+92+q3+qa

€0 €0
[E] none of the above because the figure is not symmetrical.
S

O a4

a3

Two very large parallel plastic plates of area A and thickness ¢ separated by a distance d
have uniformly distributed charge densities o1, 02, 03 and o4 as shown in the figures below
Treat the area A as very large (00). The electric field components E, in regions I and III

[A] E'I — (01+022+03+U4) and EIII (O'1+0'22+0'§+0'4)
xX €0 €0
[B] EI — (01+022+03+U4) and EIII (01—|—022 o3— 04)
x €0 €0
[C] EL = (_‘71+U22—03—U4) and EI1I = (al+022 03— 04)
x €0 €0
[X] EI _(01+022+03+cr4) and EIII (cr1+az2 o3— 04)
x €0 €0
[E] Bf = —(5%), and B} = (25222)
1 %2 y
i » R .
y Ry
\% A
o, G, 1 O, O4
1
O4
B d - X B d - <

t t

A particle of charge ¢ is fixed at the origin so it cannot move. A second particle of charge
q and mass m is initially at x = a and released from rest. Find the speed v of the second
particle, for v < ¢, when it has moved to a very large (x — o0) distance.

2

[X] v —= 27Tgoam [B] v —= Zﬂezam [C] v—0 [D] v —= 47rega2m [E] v—= 27rega2m
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Two large charged parallel metal plates are separated by a distance d as shown in the

figure to the left below. The electric field between the plates is E = Ex with E > 0. An
electron of mass m and charge —e is released at plate 1 with speed vy as shown in the
figure to the left below. When it reaches plate 2 its speed neglecting gravity will be

[X] y/vg — 22 [B] C] [D] [E] vo

2e
’UO m —

md

2 2e

2eEd
Y0 — md

2 2
vy + vy + =

plate 1 plate 2

oy

sloping side surface

S horizontal surface

Yo

|

| — x RSN

A cone has a circular horizontal base of radius R and height H as shown in the figure to
the right above. It is immersed in a uniform vertical electric filed of magnitude Fy. The
electric filed flux through the sloping side surface is

[A] zero [X] Eo(nR?) [C] Eo(nrvHZ + R?) [D] Eo(nR? + mrvV/HZ + R2) [E] Eo(RH)

A uniform electric field is directed along the z-axis from right to left, so E, = —500 V/m.
If the electric potential at z = 0 m is V(z = 0) = 0 V, what is the electric potential at
xr=2m?

[A] 2000 V. [X] 1000 V [C] 500 V [D]OV [E]-1000 V

The electric potential is given as V (z,y,2) = 2%y — 23. Find the electric field.
2

x2y
2

— " R ~ — J)S N N z4'\ — —x N T N 2 ~
[X] E = —2zyi—2?)+32°k [B] E = 5% i— %k [C] E ==Y — 25+ 2k

_|_

D] E = —ayi — 22j+ 22k [E] E = 2zyi + 22) — 322k
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[1.13] An electric field in space is given by E = (Ey + E; Z)x. Calculate the outward electric flux
& through the surface of cube shown in the figure to the left below.

[A] (I)E = (EO + El)a2 [B] q)E = E0a2 [C] @E = (2E0 + El)a2 [X] (I)E = E1a2

[E] 5 =0
y
(0,a,0) |C|
| |
E (2,0,0) 1 c 2
- (0,0,0) X + | |
—> (0,0,a) T a

z
[I.14] In the circuit shown to the right the three capacitors are equal. The voltages V; — V5 and
V3 — V), are

[A]Vvl_VQZ 7andV3_V;1:% [B]Vl—VQZ%,aHdV:g—VZLZ_V

v -V
2 2
X|Vi-Va=%,and V3= Vy=5 D] Vi = Vo =2 and V3 - Vs = ¥
\%4
3

E] Vi =V, =

[I.15] When two or more capacitors are connected in series across a potential difference

[A] the potential difference across the combination is the algebraic sum of the potential
differences across the individual capacitors.

[B] each capacitor carries the same amount of charge.

C] the equivalent capacitance of the combination is less than the capacitance of any of the
q p p y
capacitors.

[X] All of the above choices are correct.
[E] [A] and [B] are correct but [C] is false.
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A ring of radius R has a uniformly distributed positive charge @) as shown in the figure.
Find the electric potential V (0,0, z) at a distance z along the axis of the ring.

Find the z component F, (0,0, z) of the electric field at a distance z along the axis of the
ring.

Show that an electron located at a distance z < R performs simple harmonic motion and
find the frequency w.

X

ring of charge

ANSWERS:

Divide the ring into small elements of charge d@). Every element of charge is at the same
distance r = v/22 + R? from the point (0,0, z). An element of charge produces a potential
dV (0,0, z), and the entire ring produces a potential V' (0,0, z) at that point given by

dv = dQ,andV:/ dV:/ dQ :/ dQ
dmeor ring ring dmeor ring dmegv 22 + R?

but z and R are constant in the integral so

1 Q
dO —
dmegV 22 + R2 /m'ng @ dmegV 22 + R2

V(0,0,z) =

We have that
B.(0,0,2) = - 2V(0:0.2) _ =@ Q( 1 )_ —Q (((—1/2)22: )_ Q= (( 1 )

0z C 4meg 0z \V22 + RZ)  4meo \ (22 + R2)3/2 ) 4dmey \ (22 4+ R2)3/2
The force on an electron of charge —e is I, = —eF,. For z < R we have that
Qz Qe
F,=— =—-Kz,
dmeqR3’ i 47T60R3Z :

therefore the electron, of mass m, performs simple harmonic motion with frequency
\/ K Qe
w = _— = _—
Me dmeg R3m,
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[ITT] A conducting (metal) spherical shell of inner and outer radii a and b respectively is inside
another conducting concentric shell of inner and outer radii ¢ and d as shown. There is
vacuum between the shells and in the cavity inside the small shell. The inner shell carries
no charge (1 = 0 and the outer one a charge of (o = —2¢. There is also a point charge ¢
at the center of the cavity inside the small shell.

[a] Find the electrostatic electric field for r < a,a <r <bb<r<c,ce<r <d,and d <r.
[b] Find the surface charge densities o at the four surfaces r = a,r = b,r = ¢, and r = d..
[c] Integrate the electric field to find the potential difference V(r =b) — V(r = ¢).
Answers:
[a]
( Trerz if 7 < a because Ginside = ¢;
0 if @ <r < bbecause E = 0 inside conductor;
E.(r)= (©itq) _ __4 if b < r < ¢ because ¢inside = ¢;
r - 4dmwegr? dmegr? — Jinside = ¢
0 if ¢ < r < ¢ because E = 0 inside conductor;
\ (Qi;fjijq) = 471';(()]7‘2 if d < r because ¢inside = —¢;

[b] At the surface of a metal o = ¢gE,,, where 71 is the normal outward from the metal.

V-

at the surface r = a because E,(a) = —E,.(a) =

= = Tres?
Tz at the surface 7 = b because £, (b) = E,(b) = =43 .
T Tz at the surface r = ¢ because E,, = —E,.(¢) = .15 .
| 7nqz  at the surface r = d because E, = E,(d) = .45 .

c c c q q 1 1
V=V -Vi= | E-at= [ Edr= dr — 1.1
(®) (c) /b /b " /b 4meqr? " 47T€0<b c)
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FORMULAE SHEET TEST I

g=10m/s? e—l6><10_190
e = 9.1% 1075 kg, my, = 167 x 1072 kg, k= glg =9 x 107552,

Coulomb’s Law, Electric Fields (N/C)

|15\:““"2‘ F,=qE, Eq="'%;

4meq T2

Electric Field Flux ¢, and Gauss’ Law

—_ R q. .d
q)closed surface :f E-ndA= e
S €o
with (inside :/ PdV, OI' (inside = / o dA, Or (inside = / Adl
|4 A L
%nszde . . - Ainside
Spherical symmetry : E,. ,  Cylindrical symmetry : E, =
 Adqe,r? 2meqr

Electric Field and sheets of surface charge density o:

On each side of an infinite sheet E,, = 53Z. However, outside the surface of a conductor,

g 26

Force, Potential Energy and Torque for an Electric Dipole

The Force, torque, and potential energy of an electrlc dipole p immersed in uniform electric
ﬁeldEareFtotal—O U=—-p- E T—pXE

Harmonic Oscillator: F, = —kz, & dt2 +w?r =0, w=k/m
Electric Potential and Energy: Wagent (K+U) — (K +U);, Wi =0, - U;

i—f
Vo(r) = 32+, Uy(f)=qV(7), Vi—Vy= [/ E-d5, whenE field is uniform V = Ed
E=-91— 95— 9%k E.=-9%. whenE field is uniform £ = %
Capacitance (Q = C'V, Energy in capacitor U = CV2
LA 1 11
C = md , series o = o + Gy parallel C¢, = Ci + Cy
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