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PHYSICS (PAPER-II)

"I‘ime Allowed : Three Hours ‘FMaxim_um Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS

(Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided 1in two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions 1n all.

Question Nos. 1 and 8§ 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 1s 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 1if 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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Constants which may be needed

Velocity of light in vacuum (¢

Mass of electron (m,)

Charge of electron (e)

Specific charge of electron (?)
ﬁmE‘

lu=1amu. =1-6605x10°' kg
Rest mass energy of electron {mecg)
Permittivity in free space {)
Permeability of free space (ug)
(GGas constant (R)
Boltzmann constant (kp)
Planck constant (h)

(7)
Bohr magneten (ug)

Nuclear magneton (i)

Fine structure constant (o)

Mass of proton (m,)
Mass of neutron (m,,)

Mass of deuteron (my)

Mass of o-particle (m,)

Mass of lgC
Mass of lgO
Mass of §§Sr
Mass of %He
Orbital gyromagnetic ratio (g,)

Spin gyromagnetic ratio (g )

URC-B-PHY /47
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3x10° m s}
9-11x107°! k¢
1.602 %1072 ©

L 78 =it ¢ ke

9315 MeV

0-5110 MeV
8-8542x107'% C2N ! m™
4n %107 N A

8314 J mol ' k1
1-381x10F P K -
6-626x107°% J s

1.0546 x107%% J s

0.274 x1072* g 1!
5-051x10747 Jg1!
1/137-03599

1-0072766 u =1-6726 x107%7 kg

1.0086652 1 =1-6749x107%7 ke

2-013553 1y
4-001506 u

12-000000 u
15994915 u
86:99999 u
4-002603 u

O (neutron), 1 (proton)

-3:8260 (neutron), 5:5856 (proton)

prepp

Your Personal Exams Guide

[ P.T.O.



https://prepp.in/

www.prepp.in

(b}

(d)

(e)

TUs—A |/ SECTION—A

g O T ar wESem ) fofifia (et srae % e gg=dl B, 99 n §Ed
STel A S 3R oY weH @9 diied B

Prove that Bohr hydrogen atom approaches classical conditions, when
n becomes very large and small quantum jumps are involved.

T B y(x, t) = [AeP*/” +Be'ip"‘/h]e_ipg”’2"m F foqu wifmsdr ¥ A FTd SN
gfom ) lifees sarem Fifee |

Find the probability current density for the wave function

wix, t) = [AeP*/ + Be X/ o —ip°t/2m

Interpret the result physically.

T S T H AW 4500 A % shgd aURed ¥ weh™ W IeEd H ¥ W H AT
(&) 150 W B 91 3@ 894 Tl THN F w9 H UHe A 21 9 F g fhad ®iEH Ui
g @i TohT STTd 87

A blue lamp emits light of mean wavelength of 4500 A. The rating of the lamp is
150 W and its 8% of the energy appears as light. How many photons are
emitted per second by the lamp?

) greEeie T T =204 % qY i JfEEmad B, FrechE 89 U o fagiv §9 | 0,
20 cm B THdl 8|

() 78 B W gt % 9 F A i
(i) S = S MeV H Tl 87
faen N ®, SRR &9 = 1500 T3 AR TEUH H KA = 3-34x10747 kg.

In a certain cyclotron, the maximum radius that the path of a deuteron may
have before it is deflected out of the magnetic field is 20 cm.

(i) Calculate the velocity of the deuteron at this radius.

(ii) What is the energy of deuteron in MeV?
Given, magnetic field = 1500 gauss and mass of deuteron = 3-34x107%7 kg,

e TR B T Wierd WEe (ReiE) 6 WA 5 HE: 3-57 A SR 12 Tl 3™
Ao ¥ e 1 e i faE T R, STErTR) S, N =6-023x102%° (kg mol) .

The lattice parameter and the atomic mass of a diamond crystal are 3:57 A and
12, respectively. Calculate the density of the crystal. Given, Avogadro’s

number, N =6-023x102° (kg mol) .
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2. (o) THFE A wwx}=(.§_] e~ 12 3 gmy Frefim fEm < 21 #9 F B Ax 3R

Ap qT{qamﬁﬁiQainaqﬁ%ﬁmwuﬁxﬁp:gﬁwrﬁaﬁﬁﬂm

-1/4
A particle is described by the wave function y(x) = [—2—) e_”xzﬁ., Calculate
Ax and Ap for the particle, and verify the uncertainty relation AxA :g. ED
(b) T A° =1 7% UH g UHRE A 1 i) qense R A = 1
Consider a Hermitian operator A with property A> =1. Show that A =1. 15

(c) TNFT FEHE IR (Tio WHo 3Reo) & Tgrd &l foiRgn) A1k grahim e =
2137 v SNl ®) GHET a9 395 Hewgul 39T % 9R H TRy

Write the principle of nuclear magnetic resonance (NMR). Explain the design
and working of NMR, and write its important applications. 2

3. (a) Fehrmm $H 6438 A f o @ F ara sEEl Rurea w1 g@ HiNe, SEle wEOE &l
0:009 T & T & U TGl 741 &)

Determine the normal Zeeman splitting of the cadmium red line of 6438 A,
when the atoms are placed in a magnetic field of 0-009 T. 15

(b) TIFEY f6 R wH-TEIE WEM W I9ERT I B UCATY] R gEEehi MO, whivfE Hem o
RTINS 3R S b Y=Y 1 3Teherd TohaT ST Wehal ¢ |

Explain how the magnetic moments of atoms, the space quantization of
angular momentum and the spin of electron are measured using Stern-Gerlach

experiment. 15

(c) 3Rk Tl saeie & YT &1 z-Faad +§ﬁ,ﬁ3ﬂﬁﬂﬁrﬁw% ek g Topell 27 fewm A

(SN T z-378 ¥ 6 o7 SR ) sma P - P27 o R @ ofted A w0 R0

2 2
If the z-component of an electron spin is +§, what is the probability that its
: ; : W h
component along a direction z’ (forming an angle 9 with z-axis) 1s 51 or ——25'?
What is the average value of spin along z’? 20

4. (@) TR F 1S, ATy F gy foygs A, Aifvdg AAEH, uy, % 98 9 Ja i)
TR, 1, =2-792847ny R u,=-1913042uy.

Calculate in terms of the nuclear magneton, py, the magnetic dipole
moment of 351 state of deuteron. Given, n,=2:792847uy and

n,=—-1913042y. 15

URC-B-PHY/47 5 [ P.T.O.
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(b) RIH F UG gHE SRR WA I fafaw) ) =R R (@) M % el gal &l oo
TIB <hITsTT )

Write down the basic weak interaction processes in the nuclei. Also illustrate
the beta decays of {i) neutron and (i) proton.

(c) T Ik hl fi-Ta (W= i sAfe=ners) STaurer a1 Aabae SHIEon 1 IuFr shid §Y
AT o & T8 THER = geata Il

Using the two-fluid model of a conductor (nhermal and superconducting) and
the Maxwell’s equations, derive the two London equations of superconductivity.

HUs—B / SECTION—B
(a) TF G9F faa & AT T T F01 & T 907 Bl 71, E >V, F g, ffRae

V[ ) _ r Vo, x>0
710, x<0
A
V(x)
O Voo (D
|
Y >
A\
gl ) ifaess srE Fifsm
Write the wave functions for a particle on both sides of a step potential, for
E>Vy
Vs, x>0
Vix) =«
) 0, x<0O
A
Vix)
! 7 —
(@ Vo L
Y >

Interpret the results physically.
(b) THSER Y@ h] ST I |

Explain the Mdssbauer effect.

(c) Y=t o HUQ 9T | U Y Wihfaed I H & wHETHE “53 U 3R 435 U, 7-3x10 72
1 % JTAN[ 27OTd § 81 98 "Hd ¢ & M @il & ffon & w391 gweente a9
WET # IcqH gU, Ak A & GHY 1 SAeho <hifsTe | fedn T @ T Q) gmeenfael i afi|d
3 FHHE: 1-03x10° = w1 6:49x10° a4 §)

Natural uranium found in the earth’s crust contains the isotopes

233 Uin the atomic ratio 7-3x10™= to 1. Assuming that at the time of formation

235
g5 U and

these two isotopes were produced equally, estimate the time since formation.
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Given that the mean lives of both the isotopes are 1:03x10° years and
6:49x10° years, respectively. 10

(d) TH A g Hie Uegfufimm wet (3fe) ¥ 0-19 T GiawE a (FR) iR AR W
go O-18 AT VR a6 §a8 ¥ 12 mm ) TEE W ) 550 °C T Hg ¥ T T
¥ g o uitheR Hie, AR TE AmgH W dW R UogmiEm W e TR
525x10° 13 m? s7! ®| fem w1 2, Al FCC Seieh WiHiL, a =4-05 A.

In an almost pure thick aluminium sheet, there are 0-19 atomic percent of
copper at the surface and 0-18 atomic percent at a depth of 1'2 mm from the
surface. Calculate the flux of the copper atoms from the surface at 550 °C,
if the diffusion coefficient of copper in aluminium at this temperature is

5.25x10° 1% m? s!, Given, Al FCC with lattice parameter, a =405 A. 10

(e) T SO TS 1 HMA gY WIfedd % el o 1 UReeH | EifeFm # ¥ BCC #
AT O I T S 4-28 A B

Calculate the Hall coefficient of sodium based on the free electron model.

Sodium has BCC structure and the side of the cube is 428 A. 10
6. (a) TR GUR B F AT aTEee SR §F 1 Tahae) Y3 H WY T 78 1 HEY 7 S

His

Write down the Weizsicker mass formula for the nuclear binding energy. Give

short justification for each term of the formula. 20

b) A AdaesE wm ot Rifds oS e 101 eV ® TR ft T= 300 K W
Tl I TE | WSS IR Seh ) Gerdl § A9 Ak § wH W A Rfd w
feoqufy =hifse
What is an intrinsic semiconductor? Intrinsic silicon has a band gap of 11 eV
and yet at T =300 K, the conductivity is non-zero. Explain. Comment, with the

help of relevant expression, on the position of the Fermi level of an intrinsic
semiconductor. 15

(©) UF vadE §t uiewed i, Rradl gen qw (s % fo) o () A R A ]
T (A a) BB gEeh T wien A, % o s wm R i FagsE % o
39 A #) e i, e i< g8 T diorh H W HE Bl 81 A § IR B e
A, o BH ATl afEa R feeoft i

Consider an amplifier with an open-loop (no feedback) gain of A and a feedback
factor B. Derive the expression for the gain with feedback, A,. Derive the
condition for the amplifier with feedback to act as an oscillator. Comment on
the change 1n Af with a change in A. 15

7. (a) HfEEaa & fGEd axApzfi 1 IFM FL FQ TH GG Beieh b FEAH H KR OH

2
HIh A _m':HHWU
Using the uncertainty principle AxAp 2 —E, estimate the ground state energy of a
harmonic oscillator. 'S
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(b) Hvia werl % fore wHfafmg (FrepT) ey fag Hifse
5. Le] =0
e st awltsu 6 (L x L) = in L.
Prove the commutation relation for the angular momentum :
[L*, L,]=0

Also show that (Exf]=ihf, 15

(c) T EOUE 317] sh (iS5, STORAT& W R % 98 ¥ faAfefad w0 4 € 9 @

U(R) = N ‘?D
R% R

SEl A =1-44x107°% IJm? @ B=2-19x10"11° g m!® % am s=w, R, 3R foiem

FH| k1 YiERaA i

The potential energy of a diatomic molecule in terms of the interatomic spacing
R is given by

U(R) = A 4 B
p2  plo
where A =144x107" Jm? and B=219x10"'1° gm!® cCalculate the
equilibrium spacing, R, and the dissociation energy. 20

8. (@) TIESISH YA Hl WUH IR FH& ° goag[ 6 A i o Fim)
Calculate the frequency of the electron in the first Bohr orbit of hydrogen atom. 15

(b) FHH IE HT 87 FHE wa ) Faufaida (Ffah) sasg fagma & e mam w anems

What is Zeeman effect? Explain Zeeman effect on the basis of classical electron
theory. 15

(c) (i) TR AN -Gy (Ve F[Fdia-2Aiad) & S04 gsgier 4 gifoam a% pp SE@e 1

g Al YHE e i geieg fifvm) Afifrmst & giomfht free a0
I3E Hifs )

(i} O hl gEA AFGEAT § TiaE i oERida we areh ufimt = @) srer-etem T o
geileg, =i~ |

(1} List the main reactions in the pp chain leading from hydrogen to helium
during stellar nucleosynthesis. Also mention the net effect of the

reactions. 10
(i} List in two separate columns, the quantities that are conserved and not
conserved 1n the weak interaction of particles. 10
&
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