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B.Sc. (Semester — VI) Examination, April 2017
PHYSICS (Paper - 1l)
Atomic and Molecular Physics

Duration : 2 Hours : : Total Marks : 80

Instructions :1) All questions are compulsory.
s 2) Figures to the right indicate maximum marks.
3) Use of calculator is allowed.

4) Symbols have their usual meaning unless specified.
Constants :h = 6.63 x 10 2 J-s

= [OX 107590
m =9.1x 103" Kg
c=3x10°m/s
1. Answer any four of the following : (4x4=16)

a) State Hund’s Rule. How does this rule explain ferromagnetism in Fe28 and Ni8 ?
b) Findthe §” values and hence calculate the transition intensities for“P .« 2D line.
c¢) Explain how Stroke’s and Antistroke’s lines are formed in Raman spectroscopy.
d) Write a short note on concept of electron spin.
e) Write a note on the continuous X-ray spectrum.
f) Draw the space quantization diagram for a single electron / = 2 placed in a
magnetic field. Find the possible values for L.
2. Answer any four of the following : (4x4=16)
a) Using LS coupling, draw the vector addition diagrams fora two electron system
1

having l1~ =1,l,=2, 8= > and S, = E
b) What is the physical significance of Bohr magneton ? Find the value of Bohr
‘magneton for an electron.

¢) Calculate the possible orientations for the spin with the z axis of a 2S, /o State
in a magnetic field.
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d) Find Lande’s g factor for an electron in 2F, state. Hence find the gm; values.

e) Draw the experimental setup for Stern-Gerlach experiment. What is the
purpose of using Ag atoms in the experiment ?

f) What qualitative analysis can be drawn from characteristic X ray spectroscopy 7

3. A) p) i) State Moseley’s law. What important conclusions can be drawn from

this law about the periodic table ? 3
i) Write the value of angular momentum for a free electron. Hence find
the total angular momentum and its magnitude. 3
OR

3. A) q) i) Obtainthe magnetic dipole moment for an electron due to orbital
motion. 3

ii) In X ray spectra, when is the vy, Yis and y,, transition observed? 3

2
3. B) Solve the differential equation o +m® = 0 obtained using separation of
o9

variables for H-atom and obtain the possible values of magnetic quantum

numbers m,. ~ 6
4. A) p) i) Discuss the origin of alkali metal spectra. 3
i) What are selection rules for transitions ? Why is a transition from a
2S state to a 1S state not possible ? 3
OR

4. A) q) i) Explainthe basis of splitting of spectral lines in Anomalous Zeeman
effect. 3

ii) The exciting line used in a Raman experiment is 5460 Hz. If the
spectrometer shows a line at 50 Hz from the original line. Find the
wavelength of Stroke’s and Antistroke’s lines. 3

4. B) Show thatthe selection rules AJ = 0, + 2 for rotational Raman spectra can be
explained as a two step process. 6
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! 5. A) p) i) Write a short note on Auger effect. 3
| [ i) With a diagram, show all the possible transitions for Na atom
| (88, « 8°P,,) placed in a magnetic field. ol
OR

5. A) q) i) Write a note on JJ coupling. 3
i) The J =0 = J=1 absorption line of CO occurs at a frequency of
1.153 x 101! Hz. Calculate moment of inertia of the molecule. 3

5. B) Fortwo identical particles having wave functions vy, and y, and in quantum

states “a” and “b” respectively, obtain the expression for symmetrical and
antisymmetric wave function for the entire system. 6

6. A) p) i) Write the expression for total energy Ey , fora molecule undergoing
rotation-vibration motion. Hence obtain the expression for frequency
of P and R branch. 3

i) Abeam of electrons enters a uniform magnetic field of 1.2T along the
direction of the direction of the field. Find the energy difference between
electrons having spins parallel and anti parallel to the field. 3

OR

i 6. A) q) i) Write short notes on quantum numbers m,and m,.
i) Write a note on electronic spectra in molecules.

6. B) State Frank Condon principle in molecular spectra. How can the dissociation
of a molecule be explained on the basis of this principle ? 6




