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Answer ALL Questions

Calculator allowed.

You may find the following information useful.

Electron Charge e = I .602x 10-le C

Mass of an electro \ ffiu = 9. 109 x 10-31kg

Permittivity in free space €o =8.854x 10-l2Fm*l ;

ity of light c = 3 x 108ms-1

ck's const ant h = 6.625 x 10-34 Js

leV = 1 .602x10-1eJ
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(1)
a)

bl

Explain the experimental observations that suggest

eiectromagnetic radiation'

Explain how wave character of an electron beam is

Germer ExPeriment'

established bY Davi

... [300/o

cJ A beam of X- rays of wavelength 0.01 nm is incident on a carbon target'

scattered X-rays are detected at an angle of 600 to the direction of the inci

beam. Find the wavelength of the scattered X-rays' Explain why the wave

of scattered X-rays is difierent from the incident X-rays?
... (40o/o m

You may take the observed Compton shift is

scatterecl angle of X-rays, and other symbols

front page'

particle nature
... [300/o m

xl= h 
Q-cosl), where / is

WnC'

have their usuai meanings given

- t, "

''a

t

(2] 
aJ Name three experimental evidences for the existence of ator'fls' 

... [ 150/o

1,;
Atomic and moiecuiar spectra are discrete" lVhat does discrete mea4-r

r..l{l}a/o

Briefly descri# how is the de Broglie waveleng* of electrons related

quantization of their orbits in atomslnd moiecules? "'(15o/o

dl B ri e fl y explain th e irnp o rtant fe ature s of Ruthe rfo r 
-f: : 

t":1ti9: 
: :;nff:

;;i;'i";;"#;;'r"pported the nuciear rnodel of the atom against rhom
(140/"m

model.
... (I5o/o

i. Show that the Rutherford's scattering fbrmula is'

6 * - sbl cotl with usuai notations'
4ftEomav' z

... (25o/o

A 5 MeV a-particles approaches a gold' (Z=79J. nucleus with an

paramete r of 2.6* iO-tt *, through what angle will it be scattered'
... (20 o/o

bl

cJ



tg)

b)

c)

a) Motivate the single-particle wave-function using the modified Young's double slit
experimental observations, and interpret the physicality of a particle when
undetected and detected, ... (35o/o marksJ

Define probability amplitude and expectat[on value with their physical meaning.
...(150/a marks)

The single-particle wave-function of a particle confined in a one-dimensional

infinite potential well of width I is given by vk) = Er*(+x) , -h..u n = *L, t2,

t3, .... Show that
i. the expectation value of energy of a particle of mass m confined in the well is

...{25% marks)

ii. the average mornentu* (p) of a particle confined in the infinite potential well

the momentum and kinetic energy
;

respectively, where ,h = h l2n=.

/-\ h- .
\L) =----- ^ n' I\ / 8mL'

ts zero.

You may take

+ 2 r2ncl
_^J

/"m dx-

...(25o/o marks)

A

operhtors to be -if,: and
ox

f4) 1
a) Define the term angular momentum and,intrinsic spin angul4r mamentum.

' I { ... (1,0a/o marksJ
bJ Explaidthe physical significance of quantum numbers, which are characterize

the energy level of the electron in a hydrogen atom. Write down the allowed
values for each quantum numbers? .." (200/o marks)

State the selection rules for one electron spectra, ... (1Ao/o marksJ

State Pauli's exciusion principle for electron in an atom and show that each shell
has maximum of \nz electrons, where n is the principle quantum number.

n ...{15 o/o marksl

B'riefly describe the spin-orbit coupling in an atom? How does it lead to the
obse.rved fine * structure splitting of the spectral lines of the hydrogen atom?

... [10% marksJ

0 Distinguish between normal Zeeman effect and anomalous Zeeman effect.
.. (l0o/o marksJ

cJ

d)

e)



g] Consider a hydrogen Etom excited to the n = 3 state is placed in a magneticfic
the component of the magnetic quantum number m1 is along the exiernalfir
direction.
i. Evaluate the splitting of the energy levels according to the valr


