BlurEss R 100 LFEEMAEA M d AR

EAMESAER AR 2 AWBB(x) F Z B
S 8\ |

I. A uniform rectangular wooden board of mass M is pi{foted horizontally along its top edge. The vertical edge o
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the board has length . (a) Calculate the moment of inertia of the board. A bullet of mass M/4 and horizontall
velocity v strikes the board at the position 2L/3 from the top edge and is embedded in the board. (b) Calculate

the angular velocity of the board right after the impact and express it in terms of v and Z. (¢) What is the ratio ol

the kinetic energies before and right after the impact? (15%)

2. The potential energy of a KCl molecule is U(zge="A [(R[,?.fSrg) - 1/r ], where both A4 and Ry are constants and » is
the distance between the two atoms. (a) Find the radial forec &(7) on each atom. (b) What is the minimum
potential energy? What is the méaning of Re? () If the force is considered elastic, find the force constant k and
express k in terms of .4 and Ry, using the small amplitude approximation r = X5~ x with x being much smaller|
than Ry. (@) What are the vibration frequiency and the vibration energy of the molecule? Assume the masses ol

K and Cl are m, and m; respectively. (20%)

. A heat engine operates using the eyele shown in the figure. Progess b—>¢ is adiabatic. If pyp/ps = 3.00 and y =

Co/Cy=1.40, find (a) V./V, (5%) and (b) the ¢ ficiency.ofthe engine (must be a number) (10%).
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4. A long coaxial cable consists of an inner cylindrical conductor of radius ¢ and an outer coaxial cylindrical
conductor with imner radius » and outer radius ¢. The space between the two conductors is filled with)
nonmagnetic insulating material of dielectric constant K. Calculate (a) the capacitance per unit length and (b)
the mductance per unit length. The cable is used as a lossless transmission line. (¢) What is the characteristic

impedance? (15%)

5. A source of sinusoidal electromagnetic waves sadiates unifermly in all directions with an average power of 50.0
kW and frequency 100 MHz. At a distance 20.0 kin from the source there is a circular loop of wire with
diameter 0.150 m. (a) Calculate'the amplitudes of the electric and magnetie fields at the location of the loop. (b)
If the loop is perpendicular to the direetion of the radiation’s magnetic \filed, what is the maximum
electromotive force induced in the wire? (20%)

(c = 3.00x10% mvs, 1o = 47 IO T-m/A, £, — 8.85x10 " C2 AN,

6. An R-L-C series circuit draws an average,power of 220 W from a'110-V (ims) 60.0 Hz ac line. The rms current
is 2.50 A and the source voliage leads the current..(a)-What _is the net resistance of the circuit? (b) In order to
make the whole circuit have a pewer factor of unity, do you comnect a series capacitor or inductor to the original
circuit? What value 1s the capacitancé*es.inductance added? (c} What power will then be drawn from the supply]

line? (15%)
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1. [40 points] Short answer questions
{a) True or False? Justify your answers.

(i) (T/F) X-rays travel faster than microwaves.

(ii) (T/F) An x-ray photon has more energy than a microwave photon.
(ii) (T/F) The wave equation is Galilean invariant.
(iv) (T/F) The kinetic energy of a particle is Lorentz invariant.

(b) Assume that a photon is scattered by an electron initially at rest. Which
photon scattering angle corresponds to the largest Compton shift?

@ (c) Describe briefly the Stern-Gerlach experiment for the measurement of the
magnetic moments of atoms-anddieuss the significance of the results
obtained.

(d) An electron in a hydrogenfatom jumps from than = 5 to n = 3 level. Is a

photon absorbed op.emitted in this process? Would this photon energy be
enough to ionize a-hydrogen atom in which the electron was in the n =6
level? Explain,

(e) Why isfthe ground state of the hydrogen atormynot split into twd, sublevels
by spin-orbit coupling?
(f) Comnsider a two-particle wavefunetion given as

Pap(Z1, 22) — % Yad@itbelza)t Vo {2e) Pal@a) [+

Does the wayefunetienidisplay the exchange symmetpy ofbogons or {ermions?

(g) Write out the ground state electron configuratien for phosphorus 1P (with
atomic number Z'= 15).

(h) What was the 2010 Nobel Prize in Physics awarded for?

2. [12 points] Spacetime and _causality
In one inertial frame S, event A occurs before 8vent B. An observer in § mea-
sures these events to be separated by a time interval At4p and a distance Az 4p.

(a) What are the conditions on Asp and Azap such that event A will be
observed to occur before event B in all inertial frames, no matter what?

(b) Suppose A and B both occur on the z-axis (i.e. y = z = 0) in frame S.
Consider an inertial frame S/ moving at a speed v along the +z direction
relative tc S.

(i) Under what conditions would the two events be simultaneous in S'?
(ii) Under what conditions would the two events occur at the same point
in space in 5’7
Sk 3wl -
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3. [18 points] Schrédinger's theory of quantum mechanics
Consider a particle confined in a harmonic potential deseribed initially (at £ = 0)
by a wavefunction given as

V3

1
Y(z,t=10)= ?991(33) - 5902(93)1
where ¢n(z) are the normalized energy eigenfunctions, corresponding to the
eigenvalues E, = A(n + 1/2).
{(a) Calculate the expectation value of the energy for the particle at = 0.
(b) Find #(x,t) at any later ti

4. [20 points] Scattering by ajStg
A beam of particlegmes

(b} Calculate gha
by this pofe

(c) Find the

5. [10 points] LS coupli
Find the possible va

under LS coupling of two aten Ose orbital quantum number are
£1=1and &, =2.
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