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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 § are compulsory and out of the remaining, THREFE 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 of this Question-cum-Answer (QCA) booklet in the space provided. No marks will be given for

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 of a question shall
be counted even if attempted partly.
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erae Rt sayaerar g gehdt g

frafg d gRTFT AT (¢) = 3 x 10% ms™!
FOFEI &7 wed®IT (m,) = 9-11 x 1031 kg
T T @ (e) = 1-602 x 10712 C
EGLrACEARCINIEIERN)

£ | =176 x 10" C kg-!
e

lu=1am.u =16605x 10" kg =931-5 MeV

TSI I AT ZEHTH F9T (n,c?) =
0-5110 MeV

¥h ATy A faqaeiierar (g,) =
88542 x 10712 C?N-Im™

HTh TR T TEGET (1) = 4% 107 N A2
g fergs (R) = 8:314 J mol~! K-

oA e (k) = 1381 x 102 J K-

i fEUs (h) = 6626 x 1034 J s
(h)=10546 x 10°% J s
ATEC HACH () =9-274 x 1674 T
AT AU (1, ) = 5051 x 1077 J T
Q& HET RIS (@) = 1/137-03599
Il &1 GG (M) = 1-0072766 u =
16726 x 102 kg

= 1-0086652 u
= 1-6749 x 10-%" kg

2T T T (M)

A AT ETHAT (M) =2-013553 u

O-3FOT & EIHIT (M) = 4-001506 u

lgc T TN = 12-000000 u
120 T ZHHT = 15994915 u
87

3883: &1 ZHT = 8§6-99999 ¢

4
5 He &1 g39917 = 4-002603 u
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Constants which may be needed

Velocity of light in vacuum (c) = 3 x 10% ms™! :
Mass of electron (m,) = 9-11 x 10~ kg
Charge of electron (&) = 1-602 x 10719 C

Specific charge of electron y

N
L =176 x 10" Ckg!
Ule

iu=1amu.=1-6605x10% kg =931-5 MeV

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

Permittivity in free space (&) =
8-8542 x 1012 C2N-1m™

Permeability of free space (tt,) =47 x 107" N A~
Gas constant (R) = 8-314 J mol~! K-
Boltzmann constant (k) = 1-381 x 10-% J K~
(h)=6626 x 103*]s
(h)=1-0546 x 107347 s
Bohr magneton (i) = 9-274 x 10~%¢ J T+
Nuclear magneton (g) = 5-051 x 1074/ J T~
Fine structure constant {(¢) = 1/137-03599

Mass of proton (M) = 1-0072766 u =
1-6726 x 10~%" kg ,:.#'

= 10086652 u f
_ = 1-6749 x 1072 kg |
Mass of deuteron (My) =2-013553 u
Mass of a-particle (Mg) = 4-001506 u

Planck constant

Mass of neutron (M)

Mass of lgc_ = 12-000030 u
16

Mass of EO = 15994915 u
87

Mass of 38-Sr= 8§6-99999 u

4
Mass of 5 He = 4-002603 v
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WIs—H
SECTION—A

Q. 1(a) HGA WM (W 39) wix, t) = exp fitkx — ot)] ® R wftes g0 & & <9 I9
FX 1 Ju7 UROMH FT TRy FY

Obtain an expression for the probability current for the plane wave

y(x, t) = exp[i(kx — wt)). Interpret your result. 10
Q. I(b) U faveioml 1 AT F@ g gw=msC f Bl o w1 Fofm o3n alay T @

qeal 8 7

Using dimensional analysis, explain why the angular momentum of a particle cannot be
h2, 10

Q. I{c) HCl# 3] & yff Seaei4 Wacw # a1 Q ITATRX WA T@is Al a0 F&Ue FA90
83.5cm™ITE 104.1 cm™' 81 A FH O g W yHe A A el @ o Ruly
F GR&HAT DI |

Two successive lines in the rotational emission spectrum of HCl molecule appear at wave
numbers 83.5 cm™! and 104.1 cm™!. Calculate the position of the next line appearing at

the higher wave number. 10
Q. 1(d) (i) wToiw =T B
he = 1240 eV.nm
= 1240 MeV. fm
Establish that :
hc = 1240 eV.nm
= 1240 MeV. fm 5

(i) BEgVT THN] B Ful & FEETEr § o

(=1}
En = kFJ]%’d
E | Ry‘:1 = he¢R
g9ET R = 1.097x107 m~!.

-
The energy levels of a hydrogen atom are given by E = ( ;‘j‘} R, 4 where
i Rﬂj = hcR.
Show that R = 1.097x107 m~.. S
CHVY0-059%F 3
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Q. 1{e) e wfeqw 3 K, L, M o w@T #Han: amsy 78, 12 T8 3 keV fald wx @ A9 8,
ﬁKﬂ@Kﬁm%WWWﬁﬁTzl

If K, L and M energy levels of platinum are approximately 78, 12 and 3 keV, respectively,

below the vacuum level, calculate the wavelengths of K and I(l3 lines. 10

Q. 2(a) U fafediw swmme fawa Afar & w01 3 fofu &ifswT e & 86 Hiq | T qaH
¥ JUYSE U3 IAUYSE FIEUTAT B GHAZI |

Solve the Schridinger equation for a particle in a three dimensional rectangular potential

barrier. Explain the terms degenerate and non-degenerate states in this context. 30

Q. 2(b) 3Tl g2 e B U, 1A @A Wiso( FHidn QT |

- ey e, —m - -

Write the time independent Schrédinger equation for a bouncing ball. 10

Q. 2(c) TS DU &I W‘F{‘ﬁgm e %rﬂllﬁli B

2 A
— X .

; +1k x
2a )
LY

Vv = N exp

T w0 B Ruld & weamen A W ARE S |

Normalized wave function of a particle is given below :

4 ) 3
- —Z tikx
W = N exp k23‘2 )
Find the expectation value of position. 10

Q. 3(a) SHI UWE ] & ? F@ICH FifAS IR U, I HE GHA A7 I 8 7

What is Zeeman effect ? How can it be understood on the basis of quantum

mechanics ? 25
Q. 3(b) Hiswd I dAzM. * fau ST fAwes g R
Obtain Zeeman splitting for sodium D-lines. 19

Q. 3(c) @ ¥ LS IFRA #1 W gC, 3P, ae § Rug qoqm] &1 gresm Yol A Sy

Find the magnetic moment of an atom in 3P, state, assuming that LS coupling holds for _
this case. 10 3

Q. 4(a) ERYWA IV faucHiitas 81 W 3] & Yot Fo & & 9 g | @xor FEd fofa |
~gAdH ‘E;];Uﬁ ey & IO a3 & fim smavas il FAT F T PO |
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

C 8900593 4
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. Q. 4(b) CO Y # HF Fuive AFRT 6.42x1013 Hz B 1 9] &1 gwidt o fgais Far ghm ?

The observed vibrational frequency of CO molecule is 6.42x1013 Hz. What is the effective
force constant of the molecule ? 10

Q. 4(c) TF FU (A WEUS F a dIgs B IMPR FY A FaT §M &1 TWH a0 %A

1/2
= (Z) - (?—)@ 39 U &) Garg B THTH FAd g 9T G fju orar 2 |

X
PN F AN & padl prdp ® €9 BH I YASAr T B
A particle trapped in an infinitely deep square well of width a has a wave function

1/2
2 (3.4
Y = (—] sin [;‘) The walls are suddenly separated by infinite distance. Find the

7t
probability of the particle having momentum between p and p+dp. 10
WUg—d
SECTION—B

Q. 5(a) %&W%Qﬁwﬁﬂmaﬁﬁmﬁwgﬁrﬁm%Q A 1 IR HIMT

9 (g 12
4Be He, n) 6C

a1 gan 8 : geawrT (°Be) = 9.012183 u
gegHTd (*He) = 4.002603 u

gega  (14C) = 12.000 u

Define Q of a reaction. Calculate the Q-value of the reaction :
9 41y, 12
4Be(2He, n) l5C.

Given : Mass (°Be) = 9.012183 u
Mass (*He) = 4.002603 u

Mass (12C) = 12.000 u. 10
Q. 5(b) wwisw B frdl ferew wow # <=5 YuiA I FHT A8 gan)
Show that any arbitrary rotation axis is not permitted in a crystal lattice. 10

Q. 5(c) uds T uF ufewars @ fog, watew wwnd [, Y uE@ S R @ e war 3
gicnmeEed (i) W T (i) 7ge0T A AT Bl B

State the quantum numbers I, Y and S for uds quarks and antiquarks:*"Which combination

of these leads to the formation of a (i) proton and {ii) neutron ? 10

C.8D9-0-0I93 5
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Q. 5(d) dhaTa =@w® [AB (C + BD) + A B]C & &XAIF FINT |
Simplify the logical expression [AB (C + BD) + A B]C. 10

Q. 5(e) n-p-nTd p-n-pm A AT T HIKC | q§ 349! FaUH b dIX U A [
9T B, d8 IA@0 glad 93991 3T SEhIer giedl % a1 H «§qEe)

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

circuits when used as an amplifier. 10
Q. 6(a) TT Fhifhdwrw Rl (Wgt) & v FRY

Describe grand unification theories (GUT). 20
Q. 6(b) Fad ward & =gEM & ? FTHATA B JWR YT, IAD AdX P To HiT

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

Q. 6(c) Preafifag et (Re) & Fa@d & &9 § Fiwyg

i) Q@ > A+K

(iij N> p+mn

(iii) K™ = u~ + v,

Write down the following decays in terms of quarks :

i) Q -» A°+ K~

(i1) A°>p+nr~

(i) K- > p~ +v,. 15
Q. 7(a) Tivieet I UH Fame Tds & (S9gd Fiwg, A 9 MHz TR a7 T D |

guase F AT H G4 TS HiauicT (g YR Bld B 7

Design a transistor based Colpitt oscillator which can oscillate at 9 MHz. Explain how

the oscillations are created and sustained. 15

Q. 7(b) FiwarcH® Yaded TR JTHIRG GHHas (ICHcK) F JuIA F1Q | GihaoAs Jads o]
F IWH Fd gL, T 3@asa ad@o #1 5d 1 B Q& |fve &1 (39T 39

P

2
d—v+2ﬁ+3v=0_

dt*  dt
 , Describe an operational amplifier based integrator. Using operational amplifier integrators,

design a circuit to solve the following differential equation : r-

2
—d—l+2—511+3v=0_ 20

dt>  dt
C.EDY 00598 6
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. Q. 7(c)

Q. 8(a)

Q. 8(b)

Q-U9 iU g9 99 & J9eheqdl AT F T@RT 950 UG GHHASC [ 8 WHEl
HJQfﬁgﬁﬁfﬁqﬁﬁﬁﬂﬁﬁﬁﬁ%IEH%I-VWﬂﬁﬁ}%ﬁﬁﬁ §150 3 9957 |

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 [-V characteristics. 15

T A A Fiad ffime I o#F @ed "igqE Sy adl /S R Td seE odw A
fmd Y s witq ) BarE o w91 @ 7

Find an expression for lattice specific heat of a solid, and its low and high temperature

limits. What is Debye temperature ? 20

ZacT B THigHig Araie fava 7 i @1 guia ik MY seisy 6 SE9 a9 el
WFcH H A AW T Foa AFEURi P &8 w1 RfTET g 81§ @A @ qER W
ardd!, Feaadl Y e & i e oy R R oomar @ 7

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

Q. 8(c) ¥feare®d Ud Yuf weid ® Ay ¢ HQ| ST FQ fF HUC TH R BT 7
Distinguish between a superconductor and perfect conductor. Explain what 1s a Cooper
pair. | 10
C.8VG 00593 7
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