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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. | and 5 are compulsory and out of the remaining, THREE are to be attempted choosing at
least ONE 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 ofthis Question-cum-Answer (QCA) booklet in the space provided. No marks will be givenfor
answers written in 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 meaning.
Any page or portion of the page left blank in the Question-cum-Answer Booklet must be clearly struck off

Attempts of questions shall be counted in chronological order. Unless struck off attempt ofa question shall
be counted even if attempted partly
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fATTTA Orr<£t 3TTANCTT ft |
i“fe-A5TOTATAT(c) =3x 10sms"1

NEFT  gamPT (me) = 9-11 x i0*31kg
ANETAT3NAT (e)= 1-602x 10~19C

(o)
=176x 10" Ckg 1
Uel
lu= lam.u.= 16605 x 10 27kg = 931-5 MeV
(e =
0-5110 MeV
NFT3TTT3 f(Eo) =
88542 x 10 -~C*m "2
A ZITIOT* gRTORTT =47Tx 10~7N A2

(R) =8-314J mol"1K"1
(kB = 1-381 x 10-3J k-1
(h) =6-626 x 10-34J s
(ft)= 1046 x 10 *Js
(W) =9-274 x 10-24] T~!
mfM k-W k (/) =5-051 x 1027 T~ 1
B TAT T fARTA (a) = 17137-03599

Mi*

?tm (Mp) = 1-0072766 u =
1-6726 x10"27 kg
sgK  55WT (Mn = 1-0086652 u

= 1-6749 x 1027 kg
AXHAT55W r(Md) =2-013553 u
a-ATATAmw (M a) =4-001506 u
16?0 ®TSMTPT = 12-000000 U

16

Ne 15-994915 u

g; Sr ATAJHR = 86-99999 U

Constants which may be needed

Velocity of light in vacuum (c) =3 x 108 ms' 1
Mass of electron (me) = 9-11 x 10-31 kg
Charge of electron (e) = 1-602 x 1019C

Specific charge of electron

f__ ' = 176X 101 Ckg'1

vme,
lus lam.u. = 1*6605 x 1027kg = 931-5 MeV

Rest mass energy of electron (roec?) =
0-5110 MeV

Permittivity in free space (e0) =
8-8542x 10 -~C"m -2

Permeability of free space (ji*) =47rx 107N A=2
Gas constant (R) = 8-314 J mol-1 K1
Boltzmann constant (kB) = 1*381 x 1023 J K' 1
(h) =6-626 x 10"34J s

(ft) = 1-0546 x 10~34J s
Bohr magneton =0-274 X10-4J Tx
Nuclear magneton (/") =5051 x 10~27J ™' 1
fine structure constant (a) = 1/137-03599

Mass of proton (Mp) = 1-0072766 u =
1-6726 x10"27kg

= 1-0086652 u

= |-6749x 1027kg
Mass of deuteron (Md) = 2-013553 u

Mass of a~parfcicle (Ma) = 4-001506 u

Planck constant

Mass of neutron (Mn)

Mass of ‘£c = 12-000000 u

Mass of 18/) = 15-994915 u
Mass of glSr: 86 99999 u

Mass of \ He = 4*002603 u
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WS—3r
SECTION—A
Q. 1() WT T Vil t) = exp [i(kx - ca)] % yiPfrtll M A NeR
A1 3TA AR c * |

Obtain an expression for the probability current for the plane wave

v/(x, t) = exp[i(kx - cot)]. Interpret your result. 10
Q 1b) fWlaf ~ T T e T ~ gy WTTN fa fa$t W W 27t
t ?

Using dimensional analysis, explain why the angular momentum of a particle cannot be

10
Q. 1(c) H C 13F) 3 TjIiff T it “rRtvR AT 3fT eft WITTt
835 cm 1 1041 cm-111 tFTTT WTT VftZ Ft} T snicft sft f&rfr

Two successive lines in the rotational emission spectrum of HCImolecule appear at wave
numbers 83.5 cm-1 and 104.1 cnrl Calculate the position of the next line appearing at

the higher wave number. 10
Q. 1(d) (i) Ffifar fa ;
he = 1240 eV.nm
= 1240 MeV. fm
Establish that :
he = 1240 eV.nm
= 1240 MeV. fm 5
(i) FTAMfm WTF) $ 3wif PTRFJSK t

(-1
E.= nagn
NFT 1 Ryd = heR

TSflfe R = 1.097x107 m-".

The energy levels of a hydrogen atom are given by En = f"'f(iRyd w”ere
IRyd = hcR.
Show that R = 1.097><107 m_L 5

<°OVg-0-0JpB 3.



. 1(e)

. 2(2)

. 2(b)

. 2(C)

. 3(a)

. 3(b)

. 3(C)

. 4(a)

n NK LM Wm: cnm 78, 12~ 3 keV fWCT t t,
Ka® Kpel™f » OTtwf ~T |
If K, Land M energy levels of platinum are approximately 78,12 and 3 keV, respectively,
below the vacuum level, calculate the wavelengths of Ka and Kp lines. 10
A fwiffa" 3BHWR Ttffel $ W fcR T I W
3 srgw xtf sm w  sr3W3ff wu”ni
Solve the Schrfldinger equation for a particle in a three dimensional rectangular potential
barrier. Explain the terms degenerate and non-degenerate states in this context. 30
Tic % %> Mid terfr |
Write the time independent Schrodinger equation for a bouncing ball. 10
wW t
(g2 "
W=Nexp 2a2 J
wW A fMrr $ VTN ATPE Pt TTicH
Normalized wave function of a particle is given below
( 2
—Ar-+ikx
v2a?2 y
Find the expectation value of position. 10
"# 1pt w t ? wiMt snsnr A «n t ?
What is Zeeman effect ? How can it be understood on the basis of quantum
mechanics ? 25
# CTTME % AT IM AMftrr |
Obtain Zeeman splitting for sodium D-lines. 15
3 LSy~T p, 3P23TTT 3 WTPJ STTAMW I
Find the magnetic moment of an atom in 3P2 state, assuming that LS coupling holds for
this case. 10
snj ftwrrfe® 11w snj % m  ¥tfAT i cr’'t i
A %IT «& M RT % %ir wW I

Hydrogen molecule is diatomic. Obtain the rotational energy levels of this molecule.
Write down the selection rules. Obtain the smallest energy required to excite the lowest

rotational mode. 30

e



Q. 4(b)

Q* ~(c)

Q. 5(a)

Q. 5(b)

Q. 5(c)

CO 3PJ iter JTVT 6.42X1013Hz 1 1 3PJ

The observed vibrational frequency of CO molecule is 6.42x10 13Hz. What is the effective

force constant of the molecule ? 10
W 3PRT wnf % a % cwfaR ~5 ~ W 32T tI OTfl WT W f

v"'(MVy &a¢?)f

W $ & p < p+dp » yitodl TO ~ |

A particle trapped in an infinitely deep square well of width a has a wave function

NY 12 'ax'

\V/ sin . The walls are suddenly separated by infinite distance. Find the
\7tJ val/
probability of the particle having momentum between p and p+dp. 10
SECTION—B
Mt ifcTAT $ I ¥frftor $ Q 7IFT T nR*dW
ASe"He, n)

fell BTT1 :« H "Be) =9.012183 u
5WTH (4He) = 4.002603 u
snaroFT (12C) = 12.000 u

Define Q of a reaction. Calculate the Q-value of the reaction :

Beg He, n) Xc.

Givefl : Mass (9Be) = 9.012183 u
Mass (4He) = 4.002603 u

Mass (12C) = 12.000 u. 10
ft ft# (fed if asT apjw = i
Show that any arbitrary rotation axis is not permitted in a crystal lattice. 10
uds W N ficlgp MCTWT lzY SM&Z | AT $
(i) ¥Tm ~ (i) NCTW ¥t#E 11

State the quantum numbers 12, Y and S for uds quarks and antiquarKs"Which combination
of these leads to the formation of a (i) proton and (ii) neutron ? 10

e-<FOf-6~QS3& LB,

W f¥mfr



Q. 5(d) Wifcm [AB (C + BD) + AB]C wWitW T ~ tt |

Q. 5(¢)

Q. 6(a)

Q. 6(b)

Q. 6(c)

a. 7(a)

Q. 7(b)

Simplify the logical expression [AB (C + BD) + AB]C. 10
n-p-n*  p-n-p AN mx W I nNONT T
t, N jfmTrar #r w w TTF % wt? i

Differentiate between n-p-n and p-n-p transistors. Give their device structure and biasing

circuits when used as an amplifier. 10
ArfART fWizff (2LA ) A

Describe grand unification theories (GUT). 20

WTif » f ?2 "mpff % znwx >, 3RR ]

How many types of neutrinos exist ? How do theydiffer in their masses ? 15

pTHIIRNd m t NN

i Q &K

(i) ao—p + T

@iii) K" -» L=+

Write down the following decays in terms of quarks :
. Q =a°+K

(i) ao->p+n-

(i) K* > IT +uu. . 15
srrarfef A9 MHz A N
MNCTTF X" WR RdT 2 ?
Design a transistor based Colpitt oscillator which can oscillate at9 MHz. Explain how
the oscillations are created and sustained. 15
arrarto I *rfowpf?
N#T N fq, AT IcT % fePJ tAT
Mu
d—2¥-+ ﬁdLFSv =0.
dt2 dt

Describe an operational amplifier based integrator. Using operational amplifier integrators,
design a circuit to solve the following differential equation :

d2v+2$/+3v:0. 20
dt2 dt

<S<HV$e638R +6 +



Q. 7(c)

Q. 8(a)

Q. 8(b)

Q. 8(c)

Mitr # srfWmi ¥/°rr Mttwite A Aowm
Vsff ftp 3°rf *f MRCIRfd ft ATRft t | I-V #C |
Draw the device structure of a p-n junction solar cell and explain how light energy is
converted into electrical energy. Draw and explain its I-V characteristics. 15
N -feRI*d oRT fAT cfN
ATtr A fAIf Wt ?
Find an expression for lattice specific heat of a solid, and its low and high temperature
limits. What is Debye temperature ? 20

3TN T# &I/ 3fk 3rf

3 FFICT 3TAT3ff % tif fAFT ®7TT t | M % 3TOR
xTfefMl, srghn”f afh fapftM i % sffa to wit Arrot ?
Describe the motion of an electron in one dimensional periodic potential and show that
it leads to formation of bands of allowed and forbidden states in the electron energy
spectrum. How are the conductors, semiconductors and insulators discriminated on the
basis of band structure ? 20

srfcNm” ~ RIT Iw  ~rq % 5m w t ?

Distinguish between a superconductor and perfect conductor. Explain what is a Cooper
pair. 10

<5{(FHDH-6(B8R 7
+H++



