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1. Two identical particles, each having charge +q, are fixed in space and separated by a distance
d. A third point charge —Q is free to move and lies initially at rest on the perpendicular
bisector of the two fixed charges a distance x from the midpoint between the two fixed
charges. (a) Show that if x is small compared with d, the motion of —Q will be simple
harmonic along the perpendicular bisector. Determine the period of that motion. (5%) (b)
How fast will the charge —Q be moving when it is at the midpoint between the two fixed
charges, if initially it is released at a distance a << d from the midpoint? (5%)
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Ans:

The top charge exerts a force on the negative charge k‘zfi which is directed upward and to
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2. Anelectric dipole in a uniform electric field is displaced slightly from its equilibrium position,
as shown in the following figure, where & is small. The separation of the charges is 2a, and
the moment of inertia of the dipole is I. Assuming the dipole is released from this position.

(a) Calculate the magnitude of the torque on the dipole. (3%)
(b)Show that its angular orientation exhibits simple harmonic motion. (4%)

(c) Find the frequency of the simple harmonic motion. (3%)
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Ans: The electrostatic forces exerted on the two charges result in a net torque
T=-2Fasin 0=-2FEqgasin 6.

Forsmall 6, siné#~6 andusing p=2ga, we have r=-F£pf.

The torque produces an angular acceleration given by r= ja= [ﬁ
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Combining these two expressions for torque, we have d_12+ ~ 0=0
This equation can be written in the form % =-w’0 where o’= E—f.

This is the same form as Equation 15.5 and the frequency of oscillation is found by comparison

with Equation 15.11, or =L pE_| 1 |2gaE
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3. In Fig. 3, positive charge +q is spread uniformly along a thin nonconducting rod of length d.
Derive the magnitude and direction (relative to the positive direction of the x axis) of the

electric field produced at point P, at distance d from the rod along its perpendicular bisector?

(8%)
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4. Positive charge +4q is spread uniformly along a thin nonconducting square loop of length d at

each edge, (Fig. 4). Find the magnitude and direction of the electric field produced at point
P2, at distance d on top of edge of square loop?

BBBK%%% %% %% %% %% % %% %% %% %% %% %% %% %% %6 %6 %% % % %%
A2
4rg, (5)7*d
Z:—ﬂ —12/2 .0059.4:—1 —12/2 .£.4: A i § (2%) = ¢
4zz, (5)V2d 4rg, (B)'2d 2 4re, d \'5 //////
< i—Fig.4

5.  How much work is required to turn an electric dipole 180° in a uniform electric field of
magnitude E = 45.0 N/C if p = 3.0 x 10% C + m and the initial angle is 45°? (3%)
%% % % % %% %% %% % % % % % % %% %% %% % % % % % % %% %% % % % % % % %

U=-p-E=-pEcosd (1%)
U, =—p-E = —pE cos45°
U, =-p-E =—pE c0s225°

W = AU = — pE(cos225°— c0s45°) = 2 pE =+/2-3.0x10%-45=1.9-107  (2%)



6.

A solid insulating sphere of radius a carriers a net negative charge -Q uniformly distributed

throughout its volume. A conducting spherical hollow shell of inner radius b and outer radius c is

concentric with the solid sphere and carriers a net charge 2Q. (a) Using Gauss's law, find the

electric field in the regions where the radius r satisfies (i) r < a, (ii) a<r<b, (iii) b<r<c, (iv) r>c.

(12%) (b) Determine the accumulated (E4%ii) charge per unit area on the inner and outer surfaces

of the hollow sphere (shell). (4%) (c) What will change in (a) if the inner solid sphere becomes

conducting with the same carrying negative charge -Q? (4%)
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(a) Applying Gauss's law, the students should find the Gaussian

(b)

surface where electric field is constant.

(i) forr<a,
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(i) fora<r<bp,

§ BdA = E § dA = E(4mr?) = -2
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E = LQ(or —ke%)
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(iii) for b <r<c, the electric field must be zero inside the conducting spherical shell.
E=0,

(iv) forr>c,
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In the inter surface, the accumulated charge is Q (such that electric field inside conducting
shell becomes zero, by Gauss's law). The accumulated charge per unit area is Q/4anb’.

In the outer surface, the accumulated charge is also Q (2Q — Q). The charge density is Q/4nc.

(5~ TR SR 2 )

(c) The only change is in the region of r < a, where E = 0 instead.
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7. Charge Qdistributed uniformly on a thin ring of radius R. ( See Fig. 6)
(a) Find the electric potential V at a point P on the central axis of the ring and a distance z

from the center. Expressed Vin terms of Q, R, and z. (4%)
(b) Using the result of part (a) derive the expression of electric field E at point P. (4%)
(c) When an electron is put on the central axis very near the center of the ring( z << R) with

zero initial velocity, show that the motion of the electron is simple harmonic motion, and

find the period of the motion. (4%)
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8. Chargeis distributed on a linear thin line of infinitely long with a constant charge density A.

Find the electric potential V at a point of a perpendicular distance R from the line charge.
(See Fig. 7) (10%)
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9. InFig. 8, a potential difference V=100 V is applied across a capacitor arrangement with
capacitances C;=10.0 F,(,=5.00 F,and CG3=15.0 F.What are (a) charge g3, (b)
potential difference V3, and (c) stored energy Us for capacitor 3, (d) g4, (e) V4, and (f) U, for
capacitor 1, and (g) g2, (h) V3, and (i) U, for capacitor 2? (10%)
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Solution:
1. (a) The potential difference across C; (the same as across ;) is given by

o I 1
15.0 4F)(100V o
V=V, = Cv____ (150uF)(100v) =50.0V. G
C,+C,+C, 10.04F+5.004F+15.0uF
v G2
Also, V3= V—V; = V—V,=100V-50.0V = 50.0 V. Thus, c
11
g, =C,V, =(10.0F)(50.0V)=5.00x10"*C Tl
Fig. 8

0, =C,V, =(5.00F)(50.0V) =2.50x10* C (2%)
0, =0, +0, =5.00x10* C+2.50x10™* C=7.50x10*C.

(b) The potential difference V3 was found in the course of solving for the charges in part (a). Its
value is V3=50.0 V.(1%)

(c) The energy stored in Gz is U, =CV; /2:(15.0;1F)(50.0V)2 /2=1.88x10"7J. (1%)

(d) From part (a), we have g, =5.00x10*C, and (1%)

(e) V1 =50.0V, as shown in (a).(1%)
(f) The energy stored in C; is

U, :%clvf :%(10.0 4F)(50.0V)’ =1.25x1072J. (1%)

(g) Again, from part (a), ¢, =2.50x10"C.(1%)

(h) V,=50.0V, as shown in (a).(1%)

(i) The energy stored in G, is U, =%CZV22 :%(S.OO,uF)(BO.OV)2 =6.25x107J. (1%)



10. A parallel-plate capacitor has plates of area 0.12 m?and a separation of 1.2 cm. A battery
charges the plates to a potential difference of 120 V and is then disconnected. A dielectric
slab of thickness 4.0 mm and dielectric constant 4.8 is then placed symmetrically between
the plates. (a) What is the capacitance before the slab is inserted? (b) What is the
capacitance with the slab in place? What is the free charge g (c) before and (d) after the slab
is inserted? What is the magnitude of the electric field (e) in the space between the plates
and dielectric and (f) in the dielectric itself? (g) With the slab in place, what is the potential
difference across the plates? (h) How much external work is involved in inserting the slab?
(10%)
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Solution:

(a) Initially, the capacitance is

_g,A (885x107% CHN-m*)(0.12 m?)

C
° d 1.2x107% m

=89 pF. (1%)

(b) Working through Sample Problem 25-7 (Halliday, page 674) algebraically, we find:

_ gAc (885x107% C*N-m?)(0.12m*)(4.8)
x(d-b)+b  (4.8)(L.2—0.40)(10"°m)+(4.0x10°m)

=1.2x10°pF. (2%)

(c) Before the insertion, g = CoV (89 pF)(120 V) =11 nC. (1%)

(d) Since the battery is disconnected, g will remain the same after the insertion of the slab, with g
=11nC. (1%)

() E=q/e,A=11x10"° C/(8.85x10™?-)(012 m?) =10 kV/m. (1%)

N-m?

(f)E'=E/ =(10kV/m)/4.8=2.1kV/m. (1%)

(g) The potential difference across the plates is

V = E(d - b) + E'b = (10 kV/m)(0.012 m — 0.0040 m)+ (2.1 kV/m)( 0.0040 m) = 88 V.
(1%)

(h) The work done is

2 -9 2
w, —au=9 [1_ 1] (1x10°C) L 170
2 2 89x102F 120x10 “F

(2%)



11. (a)Two sphere have radii a and b, and their centers have a distance d apart .Find the
Capacitance of this system (assume d >a, d>b) (5%)
(b)A parallel-plate capacitor of plate area A is filled with two dielectrics as in Fig.9 and Fig.10,

Find the capacitance in both cases. (5%)
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12. Charge q is uniformly distributed in a non-conducting sphere of radius R. calculate the

elecfric potential energy of the sphere. (10%)
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