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1. A satellite transmits signals of wavelength 24cm in jts frame.

(a) As it moves along the line conn, ing it and Earth, observers on Earth recejve
wavelength 24 4 cm. What is the sateilite velocity? (5%)

(b) If the satellite moves in the opposite direction at the same speed as jn (a). What the
wavelength would be seen? (5%)

() If the satellite moves in citcle around Earth at the same speed, What the
wavelength would be seen? (10%)

2. For two observers, the observer §° Mmoves at velocity v relative the observer S in
the positive x-direction. A radio signal moves at an angle & with the x-direction as
scen from the observer §. Using the relativistic velocity transformation, find the
components of the velocity of the signal when viewed from the 6bserver S’. (10%)

3. A proton is usually regarded as being of radius 10 pyy,

(2) If the kinetic encrgy of the proton is equal to its rest energy, would the proton
behave as a wave or ag 5 patticle?  (5%)

(b) If the kinetic energy of the proton has 0.5 of its rest energy, would the proton
behave as a wave or ag 3 particle?  (5%)
4. Why do we need to consider the quanti characteristics of Systems in which
‘Particles are bound in a smal] region? (10%)
5. By regarding the theory of light passing through a transparent thin film of width d

as 4 quantum particle of energy E encounters a potential barrier of height U where
E>U.

coordinates(r, 8, _¢) as

¥(r,0,9) = W;’;e 20056~ sin6Xe™) 1 sin oXe~ ],

where ag is the Bohr radius and A is a normalized constant

(a) Find the expectation value of the Z-component of angular momentum. (5%)
(b) Find the expectation value of the tota] angular momentum. (5%)

(c) Find the €xpectation value of the energy of the state. (5%)

]

/‘; (d) Find the uncertainty of the Z-Ccomponent of angular momentum.  (5%)
ey 7. The spin-orbit interaction splits the hydrogen 3d cnergy level into many states
s (2) Rank these states in order of increasing energy.  (5%)

;},;*' (b) If a weak externa] magnetic field were introduced without breakin
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