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ﬁPleaseuse S vaits in all the calculations.

. Use the uncertainty relation to evaluate the ground state energy of the hydrogen atom. {10%)

Consider a classical pendulum with mass M and length |, establish the relationship between the quanta
mimber n and the classical amplitude by equating the quantum energy (n ¥ —;—}tm mtheclﬁssical

energy of the pendulum.

(2} Calculate the “quanta number” for a pendulum with mass 1.0 gm, length 1m, and amplitude of
0.1 cm. (5%)

(b What is the amplimde (using classical energy) of the pendulum when the quanta number is 1007
(5%)

Congider a hydrogen atom in which an electron jumps from the 2P state to the 15 state emitting lght.

Calcnlate the change in the wavelength of light emitted when the atom is suhjected 0 a magnetic field of
27. {10%)

Emissiunﬁumhydmgmatumsinafar-awa}rgalaxyismnrdﬂdtuhweawavelengthufﬁ‘l{ié on
Earth. The same emission line from hydrogen atons at rest on Earth is found to have a wavelength of

6000 A4 . Calculate the speed of the galaxy relative to Earth. (10%)

. A ball weighing 1 kg is moving with a velocity of 10? cm/sec, what would the change in velocity be if the

kinetic energy of the ball increased by 100 eV ? (10%%)

Calculate the ‘presmre exerwdnnthewaﬂsnfarmtmgularpoteuﬂalhﬂxbyaPMdEMdEmThe
sides of the box are a, b, and c. (10%%}

Show that the most probable distance from the origin of an electron in the n=2, =1 state is 4 a, . (10%)
The crystal barium titanate has a tmit cell volume of {(4x10™ cm)’ and a spontanesus polarization. of
26.67 1 Cem™. Calculate the dipole moment of a unit cetl and estimate the shift of the positive ions with
respect to the negative ions. (10%)

Show that the average of the square of the molecular speeds in an ideal gas is 3kpT/m. {10%)

16. ManexpenmenthmwnastheFrankandHertzexpm‘mlmLelactrnnsareramadtnanaxmmdmby

colliding with a beam of electrons. It is found that, even if the beam of electrons is monoenergetic, after

the collision with the atomic electrons the energy of the elecirons in the beam has a certain spread,

{2) Expiain this spread. (5%)

(b} In 2 particular experiment the energy spread is found to be 105 6V, What is the lifetime of the excited

state? (5%)

3 Some useful constants are listed as follows:
fr 1.055x107 )5 m,  9.109x10* kg ke  8.617x107° VK
e L602x10™°C m, 1.673x10% kg N 6.022x107 mol™

eV 1.602x1071%J £o BE8SxI™Fm s 9274x10% IT




