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A point charge +¢ is situated a distance 2 from the center of a grounded
conducting sphere of radius £ (0 > 2 Find the force between the charge and the
sphere. (20 points)

Write down the Maxwell equations in vacuum. (no charge and no current in the
space. ) (20 points)

Proof that the speed of an electromagnetic wave in vacuum is light speed. (20
points)

Find the magnetic field a distance z above the center of a circular loop of
radius £, which carriers a steady current /. (20 points)

As shown in the figure, calculate the magnetic dipole moment of the loop. (20
points)

>

< A

by [

Lo
LI Py

=

7




BarF il K 104 R4 RBELRELRRA

ABLEK: HR[HEL=58] TR : 723004
MAABAMERE TART ) 485 A £ aHB% 18

EREHLEN S HLMEERA L PEL—E(ESEM L EHEEE 530 B At
BisA T - B2 HFM8 4 B2 E M HEH 1445 £100 45 -

1. A and Barematrices. (AB)™* =7 (8%})

(2) (4B)T
(b) A~1B71
(c) B714"1
(d) BTAT
(e) ATB?

2. A,B,andCarevectors. (AXB)-C=? (8%})
@) A-(BxC)
(b) C- (B xA)
(c) B-(CxA)
(d) (CxA)-B
() (CXB)-A

3. The differential equation describing the damped oscillation is
mX + bx +kx =0
which we can write as
X+2B8%x +wix =0

Here B =b/2m and wg = +/k/m. Find the general solution: ( 14 43)

(@) x(t) =P [Alelmt + Aze_iwt]
(©) x(t) = et [Ale\[mt + Aze_mt]
(@ %@ = &P [Alem S t]
(&) x(t) =™ [Alemt + Azemt]
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4. Consider the electrical circuit shown in Figure 1. ( 14 43°)
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Mechanical System Eleclrical Circuit-

Write down the Kirchhoff’s equation for the circuit: (given q as charge)
(8 L§+Cg+Rqg=E(t)

(®) cG+Ri+Lg=E(®)
(©) L +Rg+¢q=E()
1, 1, 1
@ G+z4+c9=E@®

(e) R+ Lg+ Cq=E(t)

5." Consider the shell in Figure 2. (14 43)

P ' Figure 2

Calculate the gravitational potential everywhere: (given p as the density of the shell)

() ®R > a) = —722 (a® — )

®) ®R > a) = ~ T2 (@® - b%)
(c) ®(R < b) = —2mpG(a? — b?)
@) @R <b) = —gan(aZ — b?)

' a? p® R?
(e) ®b<R<a)= —41th(—3——3—15 -2
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6. Consider a thin uniform disk of mass M, density p, and radius a (i.e., on x-y

plane). Find the force and gravitational potential on a mass m located along the
axis of the disk (i.e., z direction). (14 43)

(a) ®(2) = ——g'rth((aZ + z2)1/2 _ 32

(b) ®(z) = —4mpG((a? + z2)1/2 — z2)

4

(C) F= 21tmpG _m - 1

[ z

(d) F= 4"1TmpG _(az—-}-z"’)m it 1J

z 1
""" P2 (@Z 4212 )

7. Based on Figure 3, using the Hamiltonian method, find the equations of motion
for a spherical pendulum of mass m and length b. (14 4})
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(a) pg = mb?9
(b) pp = mb?sin?0 ¢
(¢) pp = mb?sin®0 ¢

2 2
R . S
(a)u:ﬁﬂh—z—r—n——kmgbcosa

_ b Pb
(e) H= 2mb? + 2mb? sin26 mgb cos §
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- 8. Assume a central-force field that allows a particle to move in a logarithmic spiral
orbit given by r.= ke, where k and « are constants. Find the force law and

determine r(t) and 6(t). ( Given the mass of the particle pand [ = pr26)
(Assume 8(0)=0) (144)

(@) F() =

—12g2

ur®

MONOESACEEY

(© 81 =21 (2%)
2alt
(@ r(® =22

(e) r(®) = [—2—“5 + k2
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