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Question One [25 marks]

(a) State one reason why the wave theory on the nature of light was initially rejected. (M

(b) Suppose that a time-varying wave function takes the form y(z) = Asin(2nt/ T), where T is the
period. Show that y(¢ +7) = y(¢f). ' ‘ (2)

2
(¢) (i) The equation of the simple harmonic oscillator is given by — kx = mi—; Show that its

solution is given by x(f) = 4cos(wf)+ Bsin(w!) = Ccos(w? + ), where C = vA? + B> >0 and

¢:m—a(_§]. ©)

(ii) Giving a symbolic expression for each quantity, define the following quantities in relation

to the simple harmonic oscillator:

1. Frequency,f. ¢))
2. Angular frequency, . (1)
3. Period, T. (1)

(d) If one drops a small stone in a calm pond of water, waves spread outwards in concentric
circles from the point of impact. Every point on the water surface begins to oscillate, and all
points in each of the concentric circles oscillate in phase. Using this information or otherwise:
(i) Define the term wavefiont. (1)
(ii) State Huygens principle. (2)

(¢) Determine the effect on the interference fringes in a Young's double slit experiment ift

(i) The screen is moved away from the plane of the slits. (2)
(ii) The source S is replaced by another source S' of a shorter wavelength. 2)
(iii) The separation d between the two slits is increased. (2)
(iv) The source slit S is moved closer to the two slits (S, and S) plane. (2)
(v) The width of the source slit S is increased. (2)
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Question Two [25 marks]

(a) Fig. 2.1 is a schematic of the Michelson interferometer. Using all of the information depicted

in the figure, or otherwise:

A 4
F 3

L,
Light source
Y
Telescope
—V'
Fig. 2.1
() Describe the principle of operation of this device. (5)
(i) State one use of this device, and describe how this is practically achieved. (5)

(b) Fig. 2.2 is a schematic of the setup of Young's double slit experiment. Suppose d = 0.10 mm
and D =1.00m, and the incident light is monochromatic with wavelength A=500 nm.
(i) What is the phase difference between the two waves arriving at a point P on the screen

when & =0.8°?

(2.5)

(ii) What is the phase difference between the two waves arriving at a point P on the screen
when x =4.00mm 7 (2.5)
(i) If the phase difference is ¢ =1/3rad, what is the value of 67 (2.5)
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(iv) If the path difference is & = A/4, what is the value of 67 (2.5)

Gl
Fig. 2.2

(c) Fig. 2.3 shows light of wavelength A =500 nm incident on an interface such that n, =1.38
and n, =1.50, Calculate the wavelength of the light in the thin film of refractive index n; and
further deduce the film thicknesses # that corresponds to maximum and minimum intensities in

the fringe or interference pattern formed. (5)




Question Three [25 marks]

(2) With reference to the polarization of light waves, define the following words and/or phrases:

(i) Linearly polarized wave. 2)
(ii) Plane polarized wave. (2)
(iii) Polarizer. 2)

(iv) Fig. 3.1 shows an electromagnetic wave propagating at velocity ¢ in the x-direction.

Fig. 3.1

1. If this was a light wave, in which direction would it be polarized? (D
2. Based on your response above, write down the general equation of this wave. (1)
3. Suppose two linear polarizers are used such that the allowed polarization direction

of the second one is at an angle & to the first. Given that the E field of the first

one is B(z,t) = RE, cos(kz —wf) and the E field in the preferred frame of the

second one is given by E'(z,f) = E, [}“{'cosé) cos(kz — wt) — ¥'sin @ cos(kz — a)t)],
state Malus' law in words and in equation form. 3)
(v) Fig. 3.2 shows the polarization of light by reflection when incident at an interface

between two media of refractive indices #; and n. Given that @, is the angle of

incidence at which the reflected beam is completely polarized, show that the refractive

. , n, sin Qp
indices of the two media are related by —~ = =tand, . (5)
n, cost

p
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Incident beam Reflected beam

Refracted beam

Fig. 3.2

(b) The wavelength of maximum intensity of the sun's radiation is found to be near 500 nm.

Assume that the sun is a blackbody and calculate:

(i), The sun's surface temperature. (2)
(i) The power per unit area R(T) emitted from the sun's surface. (2)
(iii) The energy received by the Earth each day from the sun's radiation. (5)

{Hint: Sun's radius 7; = 6.96x 10° km . The fraction F of the sun's radiation received by Earth is

2
F o= f’;‘— , where 7, =6.37x10° m is the radius of Earth, and Ry, =1.49x10" m is the mean
T Es

Earth-sun distance. }




Question Four [25 marks]

() Planck’s radiation law formulates the spectral distribution of blackbody radiation according to

2
the relationship I(A,T) = 27165 " nc/u:lr
. _

I and Wien's displacement law explains the spectral

distribution of blackbody radiation A__ 7 =2.898x107 m-K . Show that Wien's displacement

law follows from Planck's radiation law. (8)

(b) Raleigh-Jeans law models the spectral distribution of blackbody radiation by the relationship

I(4,T)= ZT# . Show that the Planck's radiation law agrees with the Raleigh-Jeans formula for
long wavelengths. (5)

(c) (i) Determine the frequency of light needed to produce electrons of kinetic energy 3.00 eV
from the illumination of lithium given that the work function of lithium is ¢ =2.93eV. 3)

(i) Find the wavelength of this light source and discuss where about in the electromagnetic

spectrum it is located. 3
(iii) A wavelength of 350 nm is used for light intensity of /=10 W.m™ . Determine the

number of photons per square meter per second (m™ -s™') in the light beam. (6)




Question Five [25 marks]

(a) An x-ray of wavelength 4 = 0.050 nm scatters from a gold target.
(i) Can the x-ray be Compton-scattered from an electron bound by as much as 62 keV? (3)
(i) What is the largest wavelength of a scattered photon that can be observed? (2)
(iii) What is the kinetic energy of the most energetic recoil electron and at what angle does it

occur? | (5)

(b) An atom in an excited state normally remains in that state for a very short time ~10* s prior
to emitting a photon and returning to the ground state. The lifetime of the excited state can be
regarded as the uncertainty in time Ar.
(i) Calculate the characteristic energy width of such a state. (2)
(ii) Calculate the uncertainty ratio of the frequency Af /f if the wavelength of the emitted

photon is 4 =300nm. (5)

(c) Fig. 5.1 is the schematic of a three-level laser. Describe the principle of operation of this laser

system, further discussing on one major setback of such a system. &
E; \
Short-lived state
B A
Metastable state
Optical pumping

Lasing transition

El h. A
Ground state

Fig. 5.1




Fundamental Constants

Quantity Symbol Value
Elementary charge e 1.6022x107° C
Speed of light in vacuum ¢ 2.9979x10° nv/s
Permeability of vacuum Ho 4nx107 N-A™
Permittivity of vacuum £o 8.8542x10™ F-m™
Planck constant h 6.6261x107 J-s
4.1357x10™% ¢V -s
Avogadro constant N, 6.0221x10* mol™

Boltzmann constant k 1.3807x1072 J-K™
Stefan-Boltzmann constant c 56704%10° W-m?2 .K™
u 1.66053886 %107 kg

931.494061 MeV /¢

Atomic mass unit

Particle masses

Mass in units of

Particle kg MeV/c’ u
Electron 9.1094x107* 0.5110 5.4858x10™
Proton 1.6726x107% 938.27 1.00728
Neutron 1.6749%1077 939.57 1.00866
Deuteron 3.3436x107% 1875.61 2.01355
o particle 6.6447 %107 3727.38 400151
Conversion factors
1MeV/c=5344x10" kg -m/s 1Ci=3.7x10" Bq
lu=1.66054x10"" kg leV =1.6022x107" ]

Useful Combinations of Constants

B =h/2n=1.0546x107" J .5 = 6.5821x107 eV s
he =1.9864%107% J.m =1239.8eV -nm
he =13.1615%107 J-m =197.33eV -nm

L 8.9876x10° N.m*-C™
4me,

ho_ 2.4263%10™" m
c

e

Compton wavelength A =

2
e _23071x10* J-m=1.4400x10" ¢V -m
4me,

Rydberg constant R,, =1.09737x 10" m™
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The periodic table of elements with their atomic numbers
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