94.1資格考題
Electrodynamics   (Part I 50 points)   

1. (a) From the divergence theorem, 
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derive the Green’s theorem (Green’s second identity): 
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where 
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 and 
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 are arbitrary scalar fields. (5 points) 
(b) From Green’s theorem, derive a general solution of electrostatic potential 
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 by using Green’s function, and describe how to use it to solve Dirichlet-boundary-value problem. Explain the physical meaning of Green’s function in this case. (15 points) 

[Hint:
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2. A point electric dipole 
[image: image7.wmf]p

v

 was placed in the center of a conductor sphere shell. The sphere shell is of radius R and grounded. Find the electric potential 
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 inside the sphere shell by two different methods:
(a) (15 points) using the method of images.
(b) (15 points) solving Laplace equations.
 [Hint: (1) 
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(2) Legendre polynomials: Po(x) = 1; P1(x) = x; P2(x) = (3x2 – 1)/2; P3(x) = (5x3 – 3x)/2; …                                                ] 
2005 Qualify Examine     Electrodynamics Part II
1. A right circular cylinder of length L, and radius a. The cylinder has a permanent magnetization
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, uniformly throughout its volume and parallel to its axis.(20%)

(a) Determine the magnetic field 
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 and magnetic induction 
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 at all points on the axis of the cylinder, both inside and outside.

(b) Plot the ratios 
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, on the axis as function of z for 
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(hint: You may use magnetic scalar potential method with 
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2. A cylindrical wire of permeability 
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 carries a steady current I (uniformly distributed over the cross section of wire). If the radius of the wire is R, find 
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 and 
[image: image19.wmf]H

v

 inside and outside the wire. (15%)

3. As shown in the figure, an infinitely long wire carriers a current 
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. It is bent so as to have a semi-circular detour around the origin, with radius 1 cm. Please calculate the magnetic field at the origin. (15%)


94學年上 博士班資格考試  電動力學（Part 3）
In the following problems, we consider harmonic complex fields 
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, and the corresponding Maxwell’s eqs. in medium 
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From the simple model 
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, we can derive the permittivity of a medium 
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, where 
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 is the total charge of type-j per unit volume. 

Problem 1:  (15 points)

Use the complex Maxwell eqs. to find the relation between the Ohmic loss 
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, electric and magnetic energy densities 
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,  and the Poynting vector 
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, all expressed in complex field notation.

Problem 2:  (10+10 points)

(a) Consider the harmonic fields in metal. All electrons including the free electrons (
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) can be treated as bound electrons to give a permittivity 
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. Or the free electrons are treated as the carriers of current 
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, and the bound electrons give a permittivity 
[image: image37.wmf]b

Î

. Show that 
[image: image38.wmf]w

s

i

b

+

Î=Î

 , where 
[image: image39.wmf])

(

0

2

0

w

g

s

i

m

e

Nf

-

=

 is the conductivity.

(b) Consider a plane wave in a metal 
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 is complex, 
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 to argue that at low frequency  (
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differ in phase by 
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Problem 3:  (15 points)
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. From the convolution theorem it is known that  
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Now use the one-resonance model 
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, and do complex integration to demonstrate the causality condition: 
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九十四學年度  第一次 量子力學 博士班資格考題   94年10月14日
Part I

1. Show that if 
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     (15 points)

2. Consider the Schrodinger equation in one dimension with the potential 
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. Use the Heisnberg uncertainty relation to estimate the ground state energy.     (20 points)

3. Find the eigenvalues of the raising operator 
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Quantum Mechanics part II                                                                            October 14, 2005

1. A quantum-mechanical state of a particle, with Cartesian coordinates x, y, and z, is described by the normalized wave function
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Show that the system is in a state of definite angular momentum and give the values of L2 and Lz associated with the state.                                                                        [10 points]

[Hint] 
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2. Consider four Hermitian 2  2 matrices I, 1, 2, 3, where I is the unit matrix, and the others satisfy the relation
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You must prove the followings by using the relation (1)  (without using a specific representation or form for the matrices).

(a) Prove the Tr(i) = 0.                                                                                     [5 points]

(b) Show that the eigenvalues of are ±1 and the det(i) = - 1.                         [5 points]

(c) Show that the four matrices are linearly independent and therefore that any  2  2 matrix can be expanded in terms of them.                                                         [5 points]

(d) From (c) we know that
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where M is any  2  2 matrix. Derive an expression for mi (i = 0, 1, 2, 3).      [5 points]

[Hint: Relate mi with certain operations on and/or multiplications of M and i.]

3. The z-component of the spin of an electron in free space (no electromagnetic fields) is

 measured and found to be + ℏ/2.

(a) If a subsequent measurement is made of the x-component of the spin, what are the possible results?                                                                                                  [5 points]

(b) What is the probability of finding these various results?                             [5 points]

(c) If the axis defining the measured spin direction makes an angle  with respect to the original z-axis, what is the probability of the various possible results?            [5 points]

(d) what is the expectation value of the spin measurement in (c)?                    [5 points] 

1. 兩個電子在一維位能井中運動, 
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. (所有波函數都不需要歸一!)

(a) 寫下基態的能量以及對應的波函數. (5)

(b) 寫下第一激發態的能量以及對應的波函數. (10)

(c) 如果兩個電子之間有一個交互作用
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,求基態的一階微擾修正. (10)

2. 以下每小題5分.

(a) 寫下電子磁偶極的公式並估計其數值的大小. 

(b) 估計分子的轉動能階大約為多少
[image: image67.wmf]eV

?並請說明原因.

(c) 氦原子的基態能階大約多少
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(d) 寫下Spin-orbital interaction的形式.

(e) 寫下一個氫原子在外加均勻磁場下的Hamiltonian. 
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