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“i don’t love studying. | hate studying. [ like learning. Learning is hegutiful.”

“An investment in knowledge pays the best interest.”
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CIVIL SERVICES EXAMINATION (MAINS)
PHYSICS TEST SERIES 2009
TEST 2 : ATOMIC & MOLECULAR PHYSICS

Time allowed: 2 hours Max. Marks: 200
Question No.1 is compulsory. Out of Question numbering (2), (3) & (4) attempt any two

QL. (i) Why weak field is prerequisite for Zeeman Effect?

(i) NMR & EPR operates in which part of EM spectrum? What is the role of static field in NMR?

(iii) Give the mechanism of creation of stokes and anti stokes lines? What is the effect of temperature on
their intensities?

(iv) First line in rotational spectra of co molecule occurs at 3.84235 ¢m™ . Find out the bond length of
the molecule.

(v) Find out the magnetic field responsible for D, & D, lines of sodium of wave lengths 5896 & 5890
0
A respectively

(vi) Write down the spectral terms in P? configuration

(vii) Write down any three differences between Raman spectra and Fluorescent spectra.

(viii) Explain in brief Stern — Gerlach experiment. Will it succeed in non homogenous field and
performed by ions? (8x10=80 marks)

Q2. (a) Derive an expression for magnetic moment responsible for anomalous Zeeman Effect. Draw
Zeeman pattern of sodium D, lines and calculate separation (inem™) between any two components and
state their state of polarization

(30 marks)
(b) Taking Lamb shift into account, draw the fine structure of H_ lines of hydrogen.
' (20 marks)
(¢) Explain the origin and significance of 21 ¢cm line of hydrogen atom.
(10 marks)
Q3.(a) Explain in detail that electronic spectra has strong tendency towards head formation and bonds
degraded at both ends are formed. (30 marks)
(b) Use of Lasers in Raman spectra has revolutionized its applications. Why?
(10 marks)

(c) Why energy levels of a rotating molecule are discrete? For Hel molecule, B=10.34cm™" . How many
rotational levels this molecule has in 0.2 eV vibrational mode?

(20 marks)
0 0
Q4.(a) The Zeeman components of a 54614 spectral lines are 0.417 4 apart when the magnetic field is
1.5T. From there data, calculate the < of an electron. (20 marks)
m

0 0
(b) A substance shows a Raman line at 4567 A when exciting line of 4358 4 is used. Deduce the

: 0
positions of stokes and Anti stokes limes for the same substance when two exciting line of 4047 4 is
used. (20 marks)

0
(c) The mean of the inter-nuclear distances for HCI* inthe ¥ =0 — ¥ =1 levels is1:293 4 calculate
the difference in cm™ between R (0) and P (1) lines of fundamental band for HCI*® . (20 marks)
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Delhi Institute for
Administrative Services

CIVIL SERVICES EXAMINATION MAINS
PHYSICS TEST SERIES 2009
TEST 3 : NUCLEAR & PARTICLE PHYSICS

Time allowed: 2 hours Max. Marks: 200
Question No.1 is compulsory. Out of Question numbering (2), (3) & (4) attempt any two

Q1. (i) Plot a typical eénergy spectrum of beta particles coming out of a B-decay process.
Point out the salient features of this spectrum. How will you explain these features?

(ii) Write the quark content of neutron and proton. Using the properties of these quarks
(electric charge, spin, isospin & baryon no), show that this is the only quark content
which gives all their properties.

(iii) The intrinsic spin J, parity 7 and isospin I of /°, & & %° mesons are (2*,0)
(I",0) and (07,0) respectively. Assuming that iso, spin and parity are conserved, which
of these ﬂartic]es can undergo decay into two pions? Give the reasons.

(iv)Check the feasibility and interaction involved of following nuclear réaction
T+P 3+ K"
(v) What light does deuteron throw on nature of nuclear forces?

(vi)Stating their range, particles involved and exchanged, life time and relative strength
write down in brief about various fundamental interactions

(vii)Why does neutron has negative dipole moment? Explain.
(viii) Predict ground state spins & parity of following ' N\’ O and ¥ k

(10x8=80 Marks)
Q2. (a) Explain why fusion of light nuclei only leads to production of energy. Similarly,

(b) Name the interactions responsible for each of the following decays
() n—> p+2 +ve :

(i) 7° > y+y

(i) A’ > 7° 4+ p

(iv) % = u* +v,

(C) Write down the first four terms of the semi-empirical mass formula and explain their
origin in one sentence each. Assume the surface & coulomb constants to be 16 MeV and

0.5 MeV respectively. Using this information, find the atomic no of the heaviest element
that you can think of which would be stable against fission.

(20x3=60 Marks)
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CIVIL SERVICES EXAMINATION (MAINS)
PHYSICS TEST SERIES 2009
TEST 4 : SOLID STATE PHYSICS & ELECTRONICS

Time allowed: 2 hours Max. Marks: 200
Question No.1 is compulsory. Out of Question numbering (2), (3) & (4) attempt any two

QL. (i) Show that bece is reciprocal to fee lattice.
(ii) What are Type | & Type Il Superconductors?
(iii) What world be the electron velocity at the zone edge of a solid crystal of atomic spacing 5

0
A . Can this velocity be realized in practice?
(iv) Simplify Boolean expression y = BCD + ABCD+ ABCD + ABCD + ABCD
(v) Show that FCC-crystals are more closely packed than BCC-crystals.
(vi) How can the NAND-gates be combined to perform the OR-operation?
(vii) A certain colpits oscillator uses a tank circuit with L = 20 mH; C, =200 pfand C, =300 pf.
What is the frequency of oscillation?
(viii) Distinguish between ‘soft’ and ‘hard’ super-conductors. Explain how penetration depth
varies with magnetic field strength and temperature.
(10x8 =80 marks)
Q2.(a) Write down the expressions for specific heat obtained by Debye’s and Einstein’s theories.

What is essential difference between them? Show that Debye’s theory reduces to famous 7° law
in lower temperature region?

(b) Design a digital circuit which may check that sum of two binary numbers is more than third
number.

(20 marks)
(c) Determine ¥ for network using a silicon diode V, =0-7V

(20 marks)
Q3. (a) What is a full adder circuit? Make a truth table, write Boolean expression and realize it
by using gates.

: (20 marks)
(b) What is Berkhausen criteria for oscillators? Explain the working of a phase shift oscillator.

(20 marks)
(¢) Derive an expression for forward current gain and leakage current of CE mode of a transistor

in terms of current gain and leakage current of CB mode. Of «c=0-98 /., =5mA calculate B
& Iogy- .

(20 marks)
Q4. (a) What is A4-C- Josephson effect? Derive an expression for frequency of current
produced. How this phenomena can be used in devising SQUIDs?
(30 marks)

(b) Define Brillouin zone for a lattice by considering simple cubic crystal. Construct first
Brilliouin zone for a bec lattice.

(15 marks)
(c) Starting from 2K -G +G? =0, obtain the diffraction condition 2d sin 8 = nA
(15 marks)
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CIVIL SERVICES EXAMINATION (MAINS)
PHYSICS TEST SERIES 2008
Test 4: Solid state physics & Electronics
Time allowed: 2 Hrs Max Marks: 200
Attempt all questions.

Q1(a) What is reciprocal lattice? Discuss some of its important properties and show that
fee lattice is the reciprocal of bee lattice and vice versa. Do you know a lattice which is
self reciprocal ? (20 Marks)
(b)  The Bragg angle for reflection from the (111) planes in aluminium (fcc) is 19.2°
for an x- Ray wave length of 1.54 A°, compute (i) the cube edge of the unit cell
(ii)  the Interplaner distance of these planes. (20 Marks)
(c) How are Brilliouin zones constructed? Describe and sketch the first Brillouin
zones of bee and fec lattices Mention their importance in crystal analysis (20 Marks)
(d) What are Type | & Type Il Superconductors ?
In a one dimensional crystal the electron energy is given by E = Ak’ + Bk’ where k is a
wave vector and A and B are positive constants. Obtain the electron velocity at Brillouin
zone?
(e) Energy of a Solid at temperature T is given by

3 e 3
E=9RT(£] pir x dx

D

e —1
h : ; : ;
Where x = 1%,6’,, = Debye’s temp. Estimate its specific heat when T <<, 6, and explain

why it differs so much from Einstein’s theory of specific heat of solids .
Q2(a) Simplify the following Boolean expressions:

(i) ABC + ABC + ABC

()  A[B+C(4B+AC)]

(b)  How will you construct a full adder with the help of half adders? Deocribe its
function with truth table?

(c) which gates are known as universal building blocks and why? Construct three
basic logic functions with their help only.

(d) Show that (i) ABC+ ABC+ ABC + ABC =C . Realise this logic using NAND
gates.

(e) Design a digital circuit to check the Boolean relation 4+ B>, where AB & C
are binary digits.
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