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Show the details of your work.

1. (5 points) Given a cone of revolution = ()(.\-2 + yz) as shown below, find a unit normal vector 7 at point
P(1,8,3).

-4

2. (5 points) Use Gauss !;auss-,!gu_lan matrix inversion method fo find the inverse matrix of

2 31
1 4 2
213
3. (10 points) Find the elgeﬂvalucq and the corresponding orthonormal eigenvectors of the matrix
50 2
01 0}
2.0 2

4. (12 points) 1f a wet sheet in a dryer loses its moisturc at a rate proportional to ifs moisture content, and if it

loses half of its moisture duri ing the first 10 minuies, when will it have lost 90% of its moisture?

{12 points) A i of Laplace transform, find the solution of ¥*" +y =3 cos 26; y(0} = 0, ¥*(0) -

=0,

6. (16 points) Use Laplac transform to solve the displacements from their positions of static equilibrium y (f)
and y(t) of two bodies of mass 1 with initial conditions y;(0) = 1, yo2(M) = 1,y (1) = N3k, ¥y (0= -3k,

n

7. (15 points) Find the deflection u(x, t) of the string of length L = x fixed at both ends. The initial velocity is
zern and the initial deflection is .

0 a m X

lempcraturc is f(x) = Un = constant, |x| < 1, and 0, |[x| > 1.
dx

9. (10 points) Find (he Cauchy principal value of the integral f -5
Pt —ix
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1. (10%)A Monopolar motor is assembled by conducting

material made disk and cylindrical bar. Their diamelers
are shown in the right figure. Au uniform magnetic field
is supplied paraliel to the cylindircal bar and perpendicular

to the disk. 'When an external battery supplied a current I
fiom the posilive side into the bar and along the radius
direction of the disk back to the negative side, please

calculate the torque (7 ) and the angular velocity () of

the disk. During the electric conduction, the electric

current experiences an electric resistance of R.

2. (10%)A sphere with a radius R contains charges distributed as
p=ar’ +br+c where p and r are the charge density and the

distance 1o the center of the sphere.  Please calculate the electric

field { £) and the elecuic potential (V) atr <R, r=Randr <R.

3. (20%)Two copper plales with surface area A are separated
by twa dielectric materials as shown in the right figure.
The relative permittivities ansl the thickness of two
diclectric malerials are &, &3 and a, b respectively.
Please find the electric displacerent ( D), the electric field
( £}, the polarization { 7 ), the capacilance (C), the surface

charge densily (o,) and the free charge density (o, } at O

b

-
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and P points.
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(15%)A burst of 7 " mesons travels down an evacuated beam tube at Fermi lab moving at 0.92C
with respect to the laboralory. '

(#) 'Compute 7 for this group of pions.

(b) The proper mean Lifetime of pions is 2.6x10*S. What mean lifetime is measured in the lab?

{c) If the bursi contained 50,000 pions, how many remain after the group has traveled 50m

down the beam tube?

. {15%)Suppose a 0.511MeV photon from a positron-electron annihilation scatters at Q" froma

free electron.
{a) What are the energies of the scatiered photon and the recoiling electron?
(b) Relative 1o the initial direction of the 0.511MeV photon, what is the direction of the recoiling
eleciron?

. (15%)In the Davisson-Germer experiment, at what angle & would the reflected electron beam

appear if the accelerating voltage is 102.2 voli and the lattice spacing is 0,24266nm.
(209)The first excited state of the simple harmonic oscillator with the mass m and the potential

energy 1/2 kx* has a wavefunction of the form ¢ (x) = Axe™

(a) Find the vatue @ and the energy E.
{b) Find the constant A from the normalization condition.

H AT
Formida: utdu = ——
[Formua Fe i du 2 ]

(20%)A hydrogen atom is in the ground state. The wavefunction is given by
Wiy, 0, ¢ )=Rul(0) You( €, &), '

where Ru() = 2 av™ exp(-r/a) and Yoo @, )= } fres

{2) Find the most probable value of 1.
(b) Find the probability of being found inside the Behr radius.
(c) Find the uncertainty vaiue of r.

[Formula: fe fx*dx = (n-—-1)! forintegern]

. {15%)The ransitions of familiar sodium yellow doublet are 3p(*P,,)>3s(®8,,,) A=389.6nm and

3p(* P, ) 3s(®S,,,) A=589.0nm.
(a) Estimate the energy splitting between the?P,,, and *B,, states due tothe spin-orbit effect.

(b) Estimate the magnetic field that 3p electyon in sodiunt experiences.

Assume B is parallel o the Z axis.




