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SI. No. F-DTN-M-QIZB

PHYSICS
Paper 11

Time Allowed : Three Hours| | Maximum Marks : 300

INSTRUCTIONS

Each question is printed both in Hindi and in English,
Answers must be written in the medium specified in
the Admission Certificate issued to you, which must
be stated clearly on the cover of the answer-book in
the spuce provided for the purpose. No marks will be
given for the answers written in a medium other than
that specified in the Admission Certificate.
Candidates should attempt Question Nos. 1 and §
which are compulsory, and any three of the remain-
ing questions selecting ar least one question from
each Section.

The number of marks carried by each quéstion is
indicated at the end of the question.
Svinbols/Notations carry usual meanings.

Assume suitable data if considered necessary and
tndicate the same clearly. Some constants are given at
the end of questions.

Important : Whenever a Question is being
attempled, all ils parts/sub-parts must be attempted
contiguously. This means thai before moving on to
the next Question to be attempted, candidates must
Sinish attempting all parts/sub-parts of the previous
Question attempted. This is to be sirictly followed.
Pages lefi blank in the answer-book are to be clearly
struck out in ink. Any answers that follow pages left
blank may not be given credir.
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Section ‘A’

1. (a) Use the uncertainty principle to estimate the
ground state energy of a linear harmonic
oscillator, 12

.(b) Given that 0,. 0, ¢ are Pauli spin opera-
tors, prove the following relationships :

(i) sin{o, @)= 0 sing 6
(ii) cos{o. @)=cosg 6
(¢) Consider the one dimensional wavefunction

wix)=Ax e k¥, (0 xse0; k>0)

(i) Calculate A so that w(x) is normalized.
4

(iiy Using Schrddinger’s equation find the
potential V(x) and energy E for which
w (x) is an eigenfunction. (Assume that
as x =, V(x)— 0). 8

(d) Sodium doublets are produced by transitions
2 2
3Py, 3 52 {Dy) and
2 2
3 “py2 3 “sy2(D2)-

Calculate the Landé g-factors for these levels.
' 12
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¥y 'w
.1. (%) Haw smaat Srow & fmaw y=9er 59 @1
qrFeT F & oo wf3fama frgis &1 e
&ifone | 12
(@) 7@ & 0, 0. 0. Tl TvFw gERE &,
frafates gaut @ frg $ifsw .
(i) sin(o, ¢)=a sing 6
(i) cos{o. 9) =cosg 6
() feAfefas w=-ffm @ w99 w® fec

G
wix)=Ace ™ (0sx s k>0)
(i) aiewem 1w A i (1) TETET
g 9 | 4
(i) AR F g &1 W =@ g,
fva vix) sk st £ @ A @ifi,
o 0y (1) w= srfiremfore werr 2
(FF A E TT x> o, V(x)o 0).
8
() #feem fi a3 7%, 3 %, (D)) oK

3 Tpyy =3 (D) FE I AN E v
&0 & T & g.awa w1 afkaem ity
i2
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{(¢) Why should rotational Raman spectrum show
a separation of the first Raman line from the
exciting line equal to 6B cml, while the
separatidn between successive lines equals to
4B cm~!, where B is the rotationa) constant ?

12

2. (a) Solve the radial part of the time-independent
Schridinger equation for a hydrogen atom.
Obtain an expression for the energy eigen-
values. 45

(b) What is the degree of degeneracy of the energy
eigenvalues ? What happens if the spin of the
electron is taken into account ? 15

3. (a) When a nucleus with spin % is subjected to

magnetic field, how does the energy level split
and what will be the energy of separation
between any two adjacent levels ? 20

(b) Estimate the spin-lattice relaxation time in
terms of transition probability for a nucleus

with spin /=14 20

{c) Why should proton chemical shift in CH3CHO
occur when it is subjected to a magnetic field ?
20
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(¥) T Fror & ol wror e a7 guw Tonor Yy
&I 99T @ & 68 cm- %WW
e =ifee, w=fF sooeR Yent ¥ &=
TAFET 4B cm~! & SR BT ¥, e B ot
fers 2 ? 12

2. (F) ergw oo & R, sw-mem SRR
TR & 3Ry 9 R g R sl
wfrererfors At 3 forq ues aiore Ao Fifdg |

45

(F) Tt sfrrefors-amY & souwar € 1% 70
it & 7 afs g & y=ww @ o e @
W4, Y 47 9fe grer & 7 15

3. (%) 5@ g99w 3 aret Forelt s &) gorbim &7 &
YWTETEN STAT STaT 8, 99 ST a9 &7 [
ﬁmmeﬁm%aﬁtﬁ?@a‘rqﬁmmﬁ%aﬁa
AT Y Ft Fa7 St 20

(F) g5 1= L v il & forg, sy qriiaar
% &7 # yameTes iy == @ arwe

ffg) | 20

() & CHy,CHO &t 9919 &= & gwmamsha @
T €, I IER e amEtE e e
FRO Y ART AT & ? 20
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4. (1) What will happen to the cuergy level of an
unpaired electron when subjected to an
external magnetic field 7 Find the condition
for electron spin resonance. 20

(b) Describe the vibration-rotation spectra of a
polyatomic linear molecale. What are P, Q
and R branches 7 Draw rotational energy levels
of the vibrational states v=0 and v=1 and
perpendicular vibrational-rotationat transitions
of a linear polyatomic molecule. 40

Section ‘B’

5. (1) Determine from the given data whether the
following reactions are exothermic or endo-
thermic : '

() |H+H->TH+H
(i) '2CHIC—1INe+He 12

(b) Calculate the recoil energy of 3]Fe mucleus

when it emits a gamma photon of cnergy
14 keV. 12

(c) Which of the following reactions are permitted
or forbidden by various conservation laws ?

(i) & +p— A+n°

i) kt+n—o It +nt
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4. (%) fosi sgfomer sémzm =1 98 ang a9diy 91 ¥
THTITET ST T, 79 IHE A T R ;T
gfzar € ? SorrT T aerE & fong 2w @
ATe(H FIFAT | 20

(@) T Haw gop & oF-gquin e 5
i ) p, @ @ R TNy T Bt £ 7
aw s A i afr e v =0
W v = | SR AT Ffoic-gufT dFmon & o

ot w4 & oy s 40
az ‘@
5. (%) 59 wwsr & fukw i F et
- arfsrforaTe seamEt ¥ a1 s s €

(i) |H+H-H H
(i) ZCH 20— ONe+ He 12
(®) 77 37 Fe AWE Tl 14 keV & TH WHAT BEW
T I &, 77 IFhT gl st a7 afgem
EiEi 12

() frafafas & & S-a37 o ofifpan, R
T fre % g seer g ol € 2

(1) k™+p— A%+a°

() KT+ n— Ttape
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Gily 7+ po kK + 27
v) 77+ n— kKt A‘5
vy T+ p—o A°+k°

Vi) T+ po kT +ET 12

(d> Metallic iron undergoes a structural phase
transition from bce to fec at 910°C. At this
temperature, the atomic radii of iron atoms in
the bee and fee structures are 0-126 x 1072 m
and 0-129 x 107? m respectively. Calcuiate the
volume change in percentage during this
structural change. 12

() What are the rules followed in biasing a
bipolar junction transistor when it is used as
an amplifier ? Show how n-p-n and p-n-p
transistors to be used as an amplifier are biased
and the direction of flow of base, collector and
emitter currents. 12

6. (a) Write down the Bethe-Weizsicker semiempiri-
cal mass formula for a nucleus. Explain the
significance of each term occurring in it
Discuss the stability of a nucleus against
B-decay. What is the effect of pairing term on
stability ? 45
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’_——,
| (i) 7~ + p—o kT+ 27
(iv) a¥+n-ak™+A°
V) 7+ p-—> A°+K°
i) T+ po kT +E7 12

(=) enfegas #er & 910°C 9T bee ¥ foc TAATHE
% THAV BT © | T 9 9%, ST THpE
&I bee I foc ACTATT # ATV - AT AT
0126 x 1079 m #0129 x 109 mEATE 1 8
HCAATHS qiEd & 3R, giavadar § srad
gfad &1 alkeem $ifog | 12

(%) 1 fgat afa gifhees & yaefs & s § W
fowar st @, o9 Sua afaw § 6 Fowr &
wree foT smar @ ¢ gulEu fF vade & ww A
FEIHTS T ST arer npnﬁ(pnpﬂﬁ’l’&l’a
&7 forg goR amE fFar amr @ R ar,
TUTEH A Feamieh arren ot fesm ot aam=y |

12

6. (F)Tfrs & fag SY-amdex -l
7oA weT fofag | SEd a A Tl
qrfcarTiies srex & A @ oE Fifsw | g-em F
affy § aifvs & wnfie w ==t S
e WmA H F AT ITE g e 7 45
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(b)

7. (a)

()

8. (a)

What are mirror nuclei ? How does the charge
independence of nuclear force emerge from
this concept ? 15

Starting from an expression for the group
velocity, arrive at an expression for the effec-
tive mass of an electron in a semiconductor.
Explain the significance of sign of the effective
mass, 30

(i) Classify diamagnetic, paramagnetic and
ferromagnetic materials in terms of their

magnetic susceptibility (). Plot aad

explain the variation of v with tempera-

ture for the three materials. 15

(i1) Explain the variation of magnetisation
of a type-1 and type-Il superconductors
as a function of applied magnetic field.

15

Construct an operational amplifier based
analog computer to solve the differential
equation

d?v dv
—y——+2v=0. 30
drt  dt Y
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(@) =for v war €43 7 ¢ s B arheig
e Y Y EEEAT FY gew T & A
27 : (S

7. (F) &qe a0 & fom o s 7 g F7F, W -
¥ @ ¥ o v & fog =ivs 9w
ggf | oWt gema & fag & wew @ me
Hifg | 30

(@) ) T @i (v) & aem w o
st fifire | e o o o e
am — & uiads wr AefEg s oy

v
Fifsm | 15

(i) W9IGE FEHT FT % OF Fa4 F d T,
TeRIE-1 AR sl sl 3 [T H
fafsern =t o Fifau ) i35

8. (F) Frafufem smasr wiftae #7 2 e F fag
wigrarenes gasfa sl aEy Shoqst &t T
Eﬁfﬁﬂ'q:

2
av _&v 9. 3

dart dr
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(b) Explain the race problem encountgred in an
RS latch and how it can be avoided. Build
a Mod-10 counter using JK flip-flops and
explain its working. 30
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(@) 9R. @, &5 & " oA ATt 3 gHe &',
T I FH T AT AT | T G FT wWE
Ao | JK fFrr-w=ital 1 T 3 g0 T&F
Aq1e- 10 wfvry &7 Fafwr fifsg | 30
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Constants which may be needed

Velocity of light in vacuum (é) =3 x 108 ms~!
Mass of electron (my) = 911 x 1073 kg
Charge of electron {e) = 1-602 % 10719 C

Specific charge of electron (;::—] = 1-76 x 101! C kg~!
€
luz=1amu = 16605 x 10~27 kg = 931-5 MeV
Rest mass energy of clectron (mecz) =(¢5110 MeV
Permittivity in free space (g,) = 8-8542 x 10712 C2N-Im—2
Permicability of free space (u) =4 x 107 TN A2
Gas constant (R) = 8314 J mot~! K-
Boltzmann constant (kB) = 1381 x 10723 J K1
Planck constant (h) = 6:626 x 1073 ] s
(F)=10546 x 1074 I s

Bobr magneton (p,) = 9274 x {igad
Nuclear magneton (1) = 5:051 x 1027 y 7!
Fine structure constant (¢) = 1/137-.03599
Mass of proton (M) = 1-0072766 u = 16726 x 10727 kg
Mass of neutron (M) = 1-0086652 u

= [-6749 x 1077 kg
Mass of deuteron (M)} = 2-013553 u
Mass of u-particle (M) = 4001506 u

Mass of '6 ¢ = 12:000000 u
Mass of 'V O = 15994915 u
Mass of ; Sr = 86:99999

Mass of f]—_[c = 402603 u
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e G wrEvaEar g v §
{fofa o qame =T 37 (o) = 3 x 108 ms™!
T FT 7 (m) = 911 x 1073 kg
TR AT AT (e) = 1602 x 10719 C

Wmﬁﬁmmr[iJ =176 x 1041 Ckg™!

me

lu= lamu = [-6605 x 10727 kg =931-5 MeV
g Y FrATEE Zerm Fel (mc?) = 0-5110 MeV
TR Ty # fageie (e,) = 8-8542 x 10712 CIN~'m™2
e TRy Y T () = 47 x 1077 N A2
7 = (R) = 8314 ] moi~! K
AT e (kg) = 1-381 x 10723 J K~
wE ERE () =6626x 1073 ] s

(h) = 10546 x 10734 J s
AR A2 () = 9274 x 10H I T
il AT () = 5051 x 10727 J -
qEH FLA fEaT= (o) = 1/137-03599
T T THA (M) = 10072766 u = 1-6726 x 107 kg
A & =T (M) = 1-0086652 u
16749 x 10727 kg
AT T 7 (M) = 2013553 u
(=T T Z5AT (M) = 4001506 u

1]

'fc T 2o = 12:000000 u

‘f 0 &' 25HE = 15994915 u

87 Sr o1 AT = 86:99999 u

% He @1 7590 = 4-002603 u
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F-DTN-M-QIZB
wfadr
-9 11
g ;T gve - quis : 300
ERetl
Ia® 937 fwet S it a0 & g #1

Gt & FO Iat qraAw # for@ s =iy, g e
19 FAV-97 # faa7 141 8, K 39 e &7 WE
e JE-JTF & JF-98 W Hleg [y &7 «@
fagr smT W1few | 9aU-97 WX Sfeafaad ATeAw &
s{ﬁgraﬁﬁmf%ﬁmwﬁﬁ@mmwﬁs‘waﬁ
!
Y7 @847 1 3R 5 fAard & ) art g9t § & g avg
¥ FH-R-FH QF g7 FAIT [FE] dtT gl & FH

g |

TRAF G F U ffaa sF gT F g d a1 g
g,/ g & qrarg 94 €

i3 savae g, @l Tugeh sihst a1 FAT FHAT T SAH
fafee #ifo | g feries v F S A 9T R 8
ag e g (r aa it it pea #T IR 3 @ @l aw
T T97 &F @t vt /Ia-9nTt & FaT arr-arar 3
gaFT orf ag g FBr srret e &7 A forad & frg sy
qg7 & qF froa o977 & a¥t Wl /39- Wit & Jav
THIW gY 17 | 57 1T T FI7E & AT FHAT |
FOR qferaT & arel Bl gu 98] & Qe d g e 8
FZ 3 | GO g2 gU IvAl & 1% ford gU ITd F HF A
fee =1, dar & gFar €1

Note : English version of the Instructions is printed on
the front cover of this question paper.
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