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QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions.

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be
stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided.
No marks will be given for answers written in a medium other than the authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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3x10%® ms™!
9-11x107! kg
1-602x1071? C

1.76 x10'* Ckg!

9315 MeV

05110 MeV

8.8542x10712 2N m™?
anx107 NA?

8-314J mol ' K™
1-381x10™% gk!
6-626x10734 J s
1.0546x1073% J g
9.274x1072% g 71
5.051x10°% g 1!
1/137-03599

1-0072766 u = 1-6726 x107%" kg
1-0086652 u = 1-6749 x107%" kg
2-013553u

4-001506 u

12000000 u

15994915 u

86-99999 u

4002603 u

0 (FEF), 1 ()

-3-8260 (JZH), 55856 (d1H)



Coanstants which may be needed

Velocity of light in vacuum (c}
Mass of electron (m,)
Charge of electron (e)

Specific charge of electron (—f‘)
m,

luslamu =1.6605x10"%7 kg
Rest mass éncrgy of electron (m,cz)
Permittivity in free space (gq)
- Permeability of free space {u,)
Gas constant (R)
Boltzmann constant (kg)
Planck constant (h)

#
Bohr magneton {ip)
Nuclear magneton {uy)
Fine structure constant ()
Mass of proton mp)
Mass of neutron (m,)
Mass of deuteron {my)
Mass of a-particle (m,)
Mass of 1§c
Mass of 1§0
Mass of gZSr
Mass of 3He
Orbital gyromagnetic ratio (g,)
Spin gyromagnetic ratio (g,)

3x10% ms™!
9-11x1073! kg
1.602x1071% ¢

1-76x10* C kg™

931-5 MeV

0-5110 MeV

8-8542x1072 C2N 1 m2
4nx1077 NA™?

8-314J mol"tK!

1-381x107% gk-!
6-626x107H J g

1.0546x10"¥ J 5

9:274x107%* g 1!
5.051x10"% g 1!
1/137-03599

1-0072766 u = 1-6726 x107%7 kg
1-0086652 u = 1-6749 x10~%7 kg
2-013553 u

4001506 u

12000000 u

15994915 u .

8699999 u

4002603 u

0 {neutron), 1 (proton) -
~3-8260 (neutron), 55856 (proton)
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1.(a)

1.(b)

1.(¢c)

1.(d)

qus ‘A’ SECTION ‘A’
TE T @l I fawa F9 H @ R T Rl & fou g fag st d o )
(i) T 100 g & g S 5 m =it @1 R yfqafia € |
(ii) T TS GAT] S 2x10710 m Sersh R wfitaa ® |
(iii) TH FoFeE S 10710 m vy # wfhEfia @ )
o aege % oy g fog el o wee H A€ R 7 e @ |
Calculate the zero point energy for a particle in an infinite potential well for the
following cases :
(1) a 100 g ball confined on a 5 m long line.
(ii) an oxygen atom confined to a 2x107'0 m lattice.

(iii) an electron confined to a 1071 m atom.
Why zero point energy is not important for macroscopic objects ? Comment. 10

SHH m 3R A g T Teh T Ush UHiaHT Tad] Qleieh fa9d & WHTG & e
el § | A <R 76 3@ vw R fora o £ wn o ® | el @ ww @

2

%ﬁ?cﬁﬁ'qﬂH=-§—+—21—mw2X2—qEX TRT Wed © | &0 pth SAfoa s@edm &
m

fora oot ot 3R TR WerR WE hifo |

Consider a particle of mass m and charge ¢ moving under the influence of a
one dimensional harmonic oscillator potential. Assume it is placed in a

constant electric field E. The Hamiltonian of this particle is therefore given by
2

1
H= zﬁ— + Emw2 X = gEX. Obtain the energy expression and the wave function of
m

the nth excited state of the particle. 10

SHHT m < Teh U ALeATH g o Mg GAfG srades fawa # 8 | g Foig @aw
H Q aReg staemit & o smaws fawa it EaR e w1 AR |
A particle of mass m is in a spherically symmetric attractive potential of radius a.

Find the minimum depth of the potential needed to have two bound states of zero
angular momentum. 10

ATTHM 400 k W Th 3G & I SIEgo TATSHT &l Tk o T -TTeidh WA
A, foeh e it =TS | m T R FEUIET 87 10 2ET /HieX ®, WS A # |
36 fog R St 4 97w A Bisar 7, agwed fagwor f o Fiw |

A beam of hydrogen atoms emitted from an oven at 400k is sent through a
Stern-Gerlach experiment having magnet of length 1 m and a gradient field of
10 tesla/m. Calculate the transverse deflection of an atom at the point where the
beam leaves the magnet. 10
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1.(e)

2.(a)

2.(b)

uﬁ@maﬁo-lweber/mz?ﬁﬁmaﬁmaﬁﬁ?@%,ﬂa@ﬁqﬁﬂﬁh
AT H /=3 HaedT § & h RERT B R T d Al Hi e R |

e mn @ o somgm &1 e st gEhia & @ 30° @ I ST € |

If an atom is placed in a magnetic field of strength 0-1 weber/m?, then calculate the
rate of precession and torque on an electron with /=3 in the atom.

Given that the magnetic moment of the electron makes an angle of 30° with the
magnetic field. 10

QA T 1 & FO A IREARE R A TF §FRE P=a+bo, 0,  quET T
? Wl 0 T b OIS W 0, 0,3 TEHET F U AR T | FA TEH i
F S=5,+5,=1h@,+3,) ¥ | i 5 P, S2Ud S, & TH 9 W R
S wHAT R

An operator P describing the interaction of two spin % particles is P=a +b(_7)]-5)2,

where a and b are constants, and 0, and o, are Pauli matrices of the two spins.
- -2 -

The total spin angular momentum S =S, +S, =3k (5"l + 5')2). Show that P, §2 and
S, can be measured simultaneously. 15

TR AifSw fof m gemmm & 3R wifost ot £ % @it &t ue aw)T gareTs x-feem #
& fawe seRiys ft R wfmg © |

V(x)=0 for x<0

V(x)=3TE for x>0

x=0 IR qEfda HO & AY Ad hR |

Consider a stream of particles of mass m each moving in the positive x-direction with
kinetic energy E towards the potential barrier

V(x)=0 for x<0
V(x)= % for x>0
Find the fraction of particles reflected at x = 0. 15
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2.(c)

3.(a)

0, 0<x<a

e o, fawa v(x) =
oo, Tl Tl WG

qw
(a) mmwuﬁawﬁsﬁﬁamﬁaﬁmﬁﬁmm@rﬁﬁl
ECIE

(i) TF PRH TF 9 F AR UReg € e @R a=101"m R |
(i) 1 g A JAEHR &1 S AHR @ =10 cm & a= § TR ® |
b) TR A ™ A Fad F ol Fiew e F wea H = HoA |

(c) Fffraar figia &1 WA 9= Todgl @ JUIR H1g F J H ATeherd Hiod |

0, 0<x<a
Consider the potential V' (x) =
oo, elsewhere

(a) Estimate the energies of the ground state as well as those of the first and the
second excited states for

(i) an electron enclosed in a box of size a = 10710 m.
(i) a 1 g metallic sphere which is moving in a box of size a =10 cm.
(b) Discuss the importance of the Quantum effects for both of these systems.

(c) Estimate the velocities of the electron and the metallic sphere using uncertainty
principle. 20

AT T AN Wiew F R 7 ARy WA Aied f wa e f wd-edE
WIN R fRE WeR S i TE A 7

What is vector atom model ? How the principal features of vector atom model were
explained by Stern-Gerlach experiment ? 5+10=15
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3.(b)

3.(c)

4.(a)

4.(b)

4.(c)

dAS g HFex T § ? 6C WA & 2p3s fomE & 3P 'R F forw ot g HER

AR HRT | S WA S 0-1 tesla & oTel Tl & § @ 9 Al &R &
fawrsm & ot oET W

What is Lande’s g factor ? Evaluate the Lande’s g factor for the 3P; level in the
2p3s configuration of the °C atom. Also calculate the splitting of the level when the
atom is placed in an external magnetic field of 0-1 tesla. 5+5+5=15

WA YHE FT 8 ? T TAE & Fien g T @ auishA (SFed) 6t Uil a5
& e i |

What is Raman effect ? Explain Quantum theory of Raman effect and Rotational
Structure of a Raman spectrum. 5+10+5=20

x-dE & sgfew wfasfier 3R 0 < x < L W (3WA) # wfvefia & Fo @
TATEHAA W(x)=sin(%c) ®; Rl n TH QU B | TOTHAA Al FETHIRATEROT
HIFT 3R FoIh FHT F AT A H TR HI |

A particle constrained to move along x-axis in the domain 0 < x < L has a wave
: . ( nmx : : : x
function y(x) = S“‘(T)’ where 7 is an integer. Normalize the wave function and

evaluate the expectation value of momentum of the particle. 15

BIEZIOM TRATY i 2p AT & Zog & oY T8 GHITET G0 T Jedie v |
W 0 R B wifiear e w7 ® 2

Evaluate the most probable distance of the electron of the hydrogen atom in its
2p state. What is the radial probability density at that distance ? 15

AT Trerhia ATG T ® 7 3 wEeRl fagra iR greha e @i
WOl # 3Gk SUANT &1 Ui hiford |

What is nuclear magnetic resonance ? Explain its working principle and use in
magnetic resonance imaging systems. 5+5+10=20
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5.(a)

5.(b)

5:(c)

«us ‘B’ SECTION ‘B’
9 g veR i +8 5 v, 1@ v, @ faftm yer & @ € 2

How could you establish that v, and V. are two different particles ? 10

fra Sham #§ 6 ¢ @A 4C @ SER g9 ® 27 &9 Wi e @, Sl 9y
R 7

14
e o % ﬁg &1 FqUE=13x1073, C § 7g-31g (T;,) = 5730 = |

What is the age of a fossil that contains 6 g of carbon 14C and has a decay rate of
27 decays per minute ?

14
Given : Ratio Wg =13x 107", Half life (7j/,) of *C =5730 yrs. 10

I A Tt @ A FitR s gr feafafaa Tifida e afeq €@ € -
) Kt—> 0"+ +IT

() Mr+p —— M +II" +n

(i) M+p > AT >IT +p
(iv) Z°——> A°+y

V) Y —— A°+e" +ve

(Vi) K+p— K +K°+Q"
(vi)) TI°—— y+e'+e”
(viii) Y —— n+e +7

(ix) A°—— pt+e +V

x) ef+e—> v+y

Name the interactions via which the above nuclear decays occur : 1x10=10
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5.(d)

5.(e)

6.(a)

6.(b)

6.(c)

7.(a)

7.(b)

A STl ATURIT N STAN Ik faactq h wal it Fafa iR | 31 @l =
frer &9 | ST ST @ 2

Derive diffraction conditions using reciprocal lattice concept. What are these
conditions known as ? 10

Y fof Rl &R 2-UaR & AeEeE § IR A RE 96T o9 F ASerE et
AT 8 3R p ISR & e H AR H RE GENEdT 98 & A e
B ® |

Show that the Fermi level shifts upward, closer to the conduction band in an
n-type semiconductor and shifts downward, closer to the valence band in a
p-type semiconductor. ' 10

HAE ANTRMAT Td Tlehl Sl A -0l & forg Tedrd & wehroir afkes & g
& i difs |

Establish the Rutherford’s scattering cross section formula for a-particle by
considering the standard assumptions and symbols. 20

ATfHeE I ATHE A 10712 cm & TAJE TS W Teh TG S A IR FoAaH
TR R AMST ARA-56 TR & gfFasria h afest Foit e Kl |

By assuming the nucleus as a cubical box of length equal to the nuclear diameter
10712 cm, calculate the kinetic energy of the highest level occupied nucleon of
iron-56 nucleus. 15

Tifih st @ a9 F@n wwEa © ¢ At s & val figea i amen fife |

What do you understand by nuclear forces ? Explain meson theory of exchange
forces. 5+10=15

wiagrasa & faufafesa fagia A s ity | qufze i afogreda et
Wi HY A G & GATIT B € | Toh WA & Gt e wiorreehed
H ANGE T aRS ® ?

Explain classical theory of diamagnetism. Show that the susceptibility of

diamagnetic substances is directly proportional to the atomic number. Why all the
electrons in an atom contribute to diamagnetism ? 5+8+2=15

fear faga @ & 3| wd f fafire sw & fog <o v = ok feame fn
WA HA & qe foraar wa R | smseers fagia f qamn # e fagia § wew
Hecaqul srfsawen w@r g 7 feard figia & w9 ol R 7

Derive an expression for the specific heat of a solid based on the Debye theory and
show how it agrees with the experimental values. What is the most important
assumption of Debye theory in comparison to Einstein theory ? Is there any
drawback of Debye theory ? 15+3+2=20
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7.1c)

8.(a)

8.(b)

8.(c)

s W aRug ARG F AT dA-foret Serer H w1 gumedt H amen S |

With a neat circuit diagram, explain the working of Wien-Bridge oscillator. 15

g & HfE TFR & A9 & @ ACWE g 7 Ak R Hogen
fadrwarstt &0 quiq Hifeg |

What do you understand by the critical size of a reactor ? Explain the main features
of nuclear reactors. 5+15=20

FREEEAT T T 7 AEER UNE § wren wiie | afees 9ol ®@ us
wfrgreda Ted 3 € 7

What is superconductivity ? Explain Meissner effect. Why superconductors should
be a diamagnetic material ? 15

(i) Tufe g ot & wads @ Fraeh sk forfa wftamnst & wm faffa fifv@
dfFarers wads & Janfie ¥ OFHER Z,=2MQ, Z, =75Q 3R 4,
(genm wTy dieedr ) =200,000 € |

(ii) §9a TN diecal A9 H AE WH HIC |

Rf
220kQ

%10 kQ

(i) Determine the input and output impedances of the amplifier in given figure.
The op-amp datasheet gives Z,=2MQ, Z,,=75Q and 4, = 200,000
(open loop voltage gain). 10

(ii) Find the closed-loop voltage gain. 5
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