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University Physics I1

Midterm Examination
Kuang Yaming Honors School, Nanjing University
Select five out of following six problems.

1. (20pts.) An infinite non-conducting vertical planar sheet is charged homogeneously with areal electric
charge density o .
(a) Find the electric field E everywhere, specifying the normal direction of the sheet as the direction of

X-axis.

c
(b) A silk thread with one end suspended on the sheet and the other end attached to small charged sphere of S S
mass 71 makes an angle 6 = 7[/ 6 with the sheet, as shown in the figure. What is the electric charge ¢ on m, 4

[ e e = e e e e e e

the sphere?
Solution: (a) Making a cylindrical Gaussian surface with two bases parallel to the sheet, as shown in the figure, and
applying of Gauss’s law gives

&(ES+ES)=0S.
Thus, we obtain £ = O'/ (280 ) , Or

(o}
—e, x>0,
E- 2¢,
-—e, x<0
)
(b) The equilibrium of the sphere requires
(o3
Tcos@=mg, Tsin@ = qE—q—
2¢,
where 7' is the tension in the silk thread. By eliminating 7 in the above equations, we obtain
(o2
tang=—219
2mge,
Finally
2mge 24/3mge,
= &G tanﬁz—\/_ g%
o 3o

2.(20pts.) An insulating rod of length s positioned on the z-axis, from z = —/ / 2 to z=1 / 2, and it carries an electric charge of
linear charge density A.

(a) Calculate the electric potential ¥ =¥ (z) on the z-axis and within the region z > /2 andz < —//2 . The potential at infinity
is set to zero.

(b) Calculate the electric potential V" =V (x, y, z) everywhere, except on the z-axis. The potential at infinity is set to zero.

(c) Calculate the electric field E = E(x, y, z) everywhere, except on the z-axis.

d
(Hint: j—§=1n§+1/§2 +1/+C)
VET+1
Solution: (a)
12 ,
1 Adz
Viz)=— | ——
4re, S
For z>1/2,
. ’f A A ’f & 2 ln‘Z,_Z‘z'z’/z
4re, ,/zz—z’ 4re, ,/22’—2 4re, A
‘ 12—z ‘ ‘Z+l/2‘

4;:50 \ 12—z| 4z, \z 12|



For z<—1/2

1 ’/f adz A ’/f 2

V(z)= = = ln‘z' - Z‘
4re, 1/22’—2 4re, 1/22’—2 4re, A
B ‘ 12—z ‘ 2—1/2‘
4;:50 \ 2-z| 4;:50 R
(b)
2 ’ /2 ' .
V(x.p.2)= 1 .[ 2 fdz e /12 2 .[ * 2
4rs, _,/2\/x +y +(z-2) 47:50\/x +y" p . O
x4y’
Letting £= Z' -z wehave
x*+y?
12—z
e 1/2-z
! de N L5
V(x,p,2) = ln‘§+ £
4rs, = \/g +1 47&9 =2z
x2+y? VxZ+y?
B l/2—z+ (/2-zf +x*+)°
4re, —l/2—z+\/(l/2+z)2+x2+y2‘
oV oV oV
(c) E=-VV=— —-¢, ——e —
ox oy 0z
EiiV_ A I 1 X _ 1 x ,
Ox A, gl/2—2+\/(l/2—z)2+x2+y2 JOj2=zF + 27 + 32 —1/2—z+\/(l/2+z)2+x2+y2 @2+ 2F +x7 + 32
al: A 1 y _ 1 y s
Ox A, _1/2—z+\/(l/2—z)2+x2+y2 Jy2-zf +x2 4+ —1/2—z+\/(l/2+z)2+x2+y2 Jj2+2F +x2 4y
v A 1 z-1/2 1 z+1/2 .
LA 1] -1
0z Az, _1/2—z+\/(l/2—z)2+x2+y2 \/(1/2—2)2+xz+y2 —1/2—z+\/(l/2+z)2+xz+y2 \/(l/2+z)2+xz+y2

3. (20pts.) As shown in the figure, a copper slab of thickness / is parallelly inserted into a square parallel-plate capacitor of
separation d and side length/. The distance between the upper surface of the slab and the upper plate of the capacitor is y.
The slab is rectangular of length / and width x(x </).

(a) What is capacitance C of the system? $V
(b) If the charge on the capacitor is ¢, what is the electric potential energy U of the d
system? (I)h

(c) What is the horizontal force f, exerted on the slab by the electric field? And what is ﬁ
the vertical force f, ? Suppose the charge on the capacitor is fixed. ]

Solution:
(a) The system can be viewed as the parallel combination of two capacitors, the left part with the slab between two plates and

the right part without. Thus

Elx g,l(l—x)

C=C+(C, =
d—h d
(b) When the capacitor is charged with ¢, the electric potential energy is
g q*d(d —h)

“2C 2ei[d—hY+hx]

(c) The horizontal force acted on the slab can be calculated as

f——(an _gd(d-h)h
o lax ), 2sdld-n)+hxf’

oU
ﬁ“(@l‘“

and the vertical force is



4. (20pts.) A conducting rod of length /and mass m can slide without friction along two sufficiently I I

long vertical parallel conducting rails AB and CD that are connected each other through a capacitor of B]

capacitance C at the upper ends, as shown in the figure. Perpendicular to the plane of the rails, a

uniform magnetic field of induction B is applied. Assume that the conducting rod and the conducting
rails are made of ideal conductors of zero resistance and there is also no contact resistance. Initially, the
rod is at rest and the capacitor is uncharged.

(a) Find the voltage V across the capacitor as a function of /, the lowered height of the rod from its
initial position.

(b) If the capacitor is replaced by a resistor of resistance R , find the voltage V across the resistor as a
function of time .

(c) Discuss the mTeaning of the result (b) in the limit ¢ — +o0.
Solution: (a) The conservation of energy fives

1, 1 2 A
mgh=—mv" +—CV". 1
gh=5 5 (D
By applying Faraday’s law, we have
dd
=——"=-Blv, or VZ—K.
dt Bl

Substituting above equation into (1), we have

1({ m )
mgh =— +C V.
& 2(3212 j

V= /2&}2231_
m+ CB~l

(b) The equation of motion is

Thus

dv
m—=mg — IBI
a8

where I=V/R, V = Blv. Thus

m dV BI dVv B’I’ mgR
———=mg—V or — == V——1.
Bl dt R dt mR Bl
By separating variables, we obtain
272
dv _ Bl ar
_mgR mR
Bl
Integrating both sides of above equation, we have
v mgR
v B2 L e B2 272
.[ v =— ! J-dt or In Bl |__ ! t or V:m;gR l—exp—Bl L.
vy _M8R - mR _ mgR mR BI mR
Bl Bl
mgR _
(c) When t —> oo, wehave V = ? . In this case, we have
2
P:mg\,:M:M:V_:ﬁR'
Bl R R

That is, the power of the gravity is just the power of Joule dissipation of the resistor.

5. (20pts.) In the circuit shown in the accompanying figure, the capacitor of capacitance C'is
initially charged with electric charge Q. The switch is closed at time ¢ = 0and the electric

current begins to flow through the inductor of inductance L .
(a) Write down the equation of oscillation for the charge ¢ on the capacitor. Assume the
resistance in the circuit is negligible.

(b) Find the solution of charge ¢ on the capacitor as a function of time ¢.
(c) Find the total electromagnetic energy U stored in the capacitor and inductor at time 7.

-3-

~ % =0



Solution: (a) When the switch is closed, we have

9 __;ar
C dt
. . . q_ ,dq
Substituting / = — into above equation, we have —=-L——-, or
C dt
2
q 2 2 1
—+w0qg=0, ® =—. 1
a1 LC ®

(b) The general solution of (1) can be written as
q(t) = Acos wt + Bsin wt .

dq

According to the problem, the initial conditions are q(¢f=0)=Q and I(t=0)=— =0 . Substituting the initial

t=0

conditions into the general solution, we obtain

t
q(t)=Q0coswt = Qcos(mj.

(c) The electric current in the circuit is
dq o . t
I(t)=—=- sin :
dt VLC VL
Thus, the total electromagnetic energy is

2 2 2 2
U=U, JrULZq—JrlLIZ:Q—cos2 L JrlLQ—sin2 o :Q__
20 2 2C JLC ) 2 LC Joc) 2c

6. (20pts.) An electromagnetic wave travels in free space (i.e., in the vacuum), and its magnetic induction B takes the form
B = (blex +b,e, )cos (kz - a)t)

where b,, b,, @wand k areall constants, @ =ck with ¢ being the speed of light in the vacuum, e _and e , are the
unit vectors along the x- and y- axis, respectively.

(a) Find, by applying Maxwell equations, the electric field E and the displacement current density j, .

(b) What is the Poynting vector .S of this wave? What is the average Poynting vector <S > over one period of time?
Solution: (a) Assume that E = E|, COS(kZ - a)t), where E | is to be determined. Ampere-Maxwell law is

. oD .
VXH:.Iﬁ’ee—FE:Jfree—i_.lD‘

. B
In the vaccum, j,,, = 0, H=—, D=g¢g,E . Thus, we have

Hy
0E 1 COE
VxB=¢guy—=——. 1
oo T o M
Calculating the rotation (or curl ) of B and the partial derivative of E to ¢, we obtain
VxB=Vx [(blex +he, )cos(kz - a)t)J = (ble)r +he, )x V[cos(kz - a)t)]
= (be, +boe, )xwg = —k(be, +boe, Jxe. sin(kz - o)
iz
= k(bze)c —be, )sin(kz —t);
°E =E, 0 COS[(kZ — a)t)] = wE, sin(kz—at) .
ot ot
Substituting above expressions in to (1), we have
2
k(bzex —be, ): 22 E, or E = ck (bzex —be, ) = c(bzex —be, )
c w
Finally E = c(bzex —be, )cos (kz - aJt) and j,= aa—D =&, 88_E =-50a)c(b2ex —be, )sin(kz —ot).
¢ t

[ Hint Vx(f(/)):(fo)(o+fo(/).

The rotation can also be calculated as follows



(b) The Poynting vector is
S=ExH = 1 ExB
Hy

= . [c(bzex —be, )cos(kz - a)t)]x [(blex +he, )cos(kz - a)t)]

- < (bze)c —~be, )x (blex +be, )0052 (kz —at)

Hy

c
= —(bl2 +5b; )cos2 (kz—oot)e..
0
The average Poynting vector <S > over one period of time is

:ljsm " < (b} +8: )e( [ cos? (kz—a)t)dtj

0

( b)e{ Il+cos (kz=at)] t}zzc b7+ b

Hy

e, —be, )sin(kz — o).



