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URC-B-PHY

PHYSICS (PAPER-II)

[Time Allowed : Three Hours | ‘ Maximum Marks : 250|

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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3><108 ms_1
9.11x1073! kg
1-602x107!° C

1.76 x10'! C kg!

931:5 MeV

05110 MeV

8.8542x107!12 2N 1m™2
4anx107" N A2

8-314J mol 1 K7}

1.381x10723 gK~!

6-626x1073* J s

1.0546x1073* J s

9.274x107%* g 17!

5.051x10727 g1 |
1/137-03599 l
1.0072766 u = 1-6726 x10727 kg
1-0086652 u =1-6749 x10727 kg
2013553 u

4-001506 u

12:000000 u

15994915 u

86-99999 u

4-002603 u

0 (REH), 1 ()

-3-8260 (JgH), 5:5856 (W)




Constants which

Velocity of light in vacuum ()
Mass of electron (m,)

Charge of electron (e)

Specific charge of electron (—?—)
me

lu=1amu. =1.6605x10"%7 kg
Rest mass energy of electron (m,c?)
Permittivity in free space ()
Permeability of free space o)
Gas constant (R)
Boltzmann constant (kg)
Planck constant (h)

)
Bohr magneton (ug)
Nuclear magneton (uy)
Fine structure constant (o)
Mass of proton (m p)
Mass of neutron (m,)

Mass of deuteron (my)
Mass of a-particle (m,)
Mass of lgC

Mass of ISO

Mass of %Sr

Mass of 3He

Orbital gyromagnetic ratio (9)
Spin gyromagnetic ratio (gs)
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may be needed

3x108 ms!
9-11x1073! kg
1-602x10719 ¢

1.76 x10'! C kg™!

931-5 MeV
0-5110 MeV

8-8542x107!2 C2N 1 m2
4nx1077 N A2

8-314 J mol™1 K1

1.381x1072 gK!
6-626x1073* J s

1.0546 x1073* J s

9.274x10724 g 71
5.051x10727 g 7!
1/137-03599

1.0072766 u = 1-6726 x10727 kg
1.0086652 u = 1-6749 x107%7 kg

2-013553 u
4-:001506 u
12-:000000 u

15994915 u

86:99999 u

4-:002603 u

O (neutron}, 1 (proton)

-3:8260 (neutron), 55856 (proton)
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@WUs—A / SECTION—A

1. (a) firg Bf 5 aR Teeem o] Rrafafya (afen) e % e ag=an 8, & n 9g@
<1 Q) 9 3R Y WA wu At #
Prove that Bohr hydrogen atom approaches classical conditions, when
n becomes very large and small quantum jumps are involved. 10

(b) O HE y(x, t) = [AeP /P + Beipx/h)g=?t/2m ¥ fu wiReal U U A T
o Y sifos =men R
Find the probability current density for the wave function
vix t) = [AeP*/ +Be—ipx/h]e—ip2t/2mh

Interpret the result physically. 10

(¢ TH A T AN 4500 A ¥ siga qoied % WIS H IeARTG HAT 81 AW H AT
(&) 150 W 2 qon1 Sah 8% S o™ % w9 § yae o 21 A F g R wiel i
o< Ieafsia fory sma §7

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? 10

(d) mmﬁ@wﬁq%wﬁmﬁmﬁw,gﬁﬁaﬁﬁwﬁaﬁaéﬁ%ﬁ,
20 cm B F&dI R

() 38 B WS % 3 R e il
(i) ST H I MeV # et &7
e 7 ¥, FFERE &9 = 1500 TRE 3R S Fl THAH = 3-34x107%7 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.

(i) What is the energy of deuteron in MeV?
Given, magnetic field = 1500 gauss and mass of deuteron = 3-34x10°%7 kg. 10

(e) TF SRS TFew F1 waw wee (W) wd oy FemE w357 AR 121
e ¥ e ) T iR e T 3, STETR) §E, 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 =6-023x1026 (kg mol)_l. 10
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2. (a) @maﬁwwmm:(z) e~ /2 3 g Frefta R smar 21 F91 F Riw Ax ok

(b)

(c)

3. (@
(b)
(c)
4. (a)

Apﬂ?ﬁﬁ:ﬁﬁﬁﬂ&ﬁ%ﬁ%ﬂ:ﬂ@:%ﬁwﬁaml

-1/4
A particle is described by the wave function y(x) = (%) e“l"z/ 2 Calculate

Ax and Ap for the particle, and verify the uncertainty relation AxAp = g
o A3 =1 % w3 TR A F wif) quise R A = 1.

Consider a Hermitian operator A with property A% =1. Show that A=1.

TG ToHE JFTR (Wo Wo IRe) ¥ fagra = fafaw) i g=fim o &
Tooiem T wrivoTe 1 GuHRY quT 39 HEwyl Iy % 9R § faRaw)

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

Feftmm 1 6438 A H @@ T % G wAF fEEa w I Hifg, safE wEmgst w®@
0-009 T % Traehig &% § T@1 ™1 B

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.

Taesy fF HA =T T w1 I R g WA % gEhE U, wofig dan %
ITRTEN TR 3R SR S TIshYT <R STThel TR ST WeRdl R

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

i} et s & TR0 z-w+gﬁ,ﬁmwm%%mm z fem &

(SN & z-21 @ 6 U1 TR B) mgm—g%? z’ e § wespor 1 e 9F w4 7Y

If the z-component of an electron spin is +g, what is the probability that its

component along a direction z’ (forming an angle 8 with z-axis) is g or —g?

What is the average value of spin along z’?

S % 35, g # g foya emyl, At #9E, puy, % 98 § ¥ A e
TR, ,=2792847py R p,=-1913042uy.

Calculate in terms of the nuclear magneton, py, the magnetic dipole
moment of °3S, state of deuteron. Given, u p=2'792847py and

h,=—1013042u .

15

15

20

15

15

20

15
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(b) R F UG g AR WAt W fafaw) (@) =g v (i) TR % e e B osf
we Hifm)

Write down the basic weak interaction processes in the nuclei. Also illustrate
the beta decays of (i) neutron and (ii) proton. 15

(c) T& = h R-wa (@ el sfmmees) srauren qon fewae @il S 3@ w1 §Y
ferarereal F @ wiea gHiERu it gt i)

Using the two-fluid model of a conductor (normal and superconducting) and
the Maxwell’s equations, derive the two London equations of superconductivity.
20
@us—B / SECTION—B

5. () % W9H ¥ A wE @ w0 F e a0 vt H, E >V, & g, faRag

Vg, x>0
V(x)={ 00 x<0

h

V(x)

O, ol @

v

Rt R Wifas =ren it

Write the wave functions for a particle on both sides of a step potential, for
E > Vo :
Vo, x>0
Vix)=
t) { 0, x<O

N

V(x)

@ V| @

v

Interpret the results physically. 10
(b) wiGeR W I =ATE Hifve)

Explain the Méssbauer effect. 10
(¢ 9= & Foft ea § wig g wepfes R #§ A wwenfer 233U sl 238U, 7-3x1073 T

1% TN A9 & ¥ 98 W g for SR et % Ffe % e Q wneenfe wam

A I §U, FH PRI F W A AHer S| e e @ 6 91 aneenfet i s

g e 1:03x10° o Ut 6:49x10° = ®)

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

238 Uin the atomic ratio 7-3x10™> to 1. Assuming that at the time of formation
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) T AT ge A8 Ayt = (3fe) § 0-19 v iowa qm (W) e H Haw |
| do1 0-18 TRATF NI a @a8 & 1-2 mm o TE T 31 550 °C W FE A 16 WA
! ¥ woH W e SN, AR W oaAM W AW w1 St § fame e
525x1071%3 m? s7! %1 e ™0 }, Al FCC Sere Wfiet, 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
525x10713 m2 s7!. Given, Al FCC with lattice parameter, a =4-05 A. 10

(e) T T TEA B AFA ¢ WeaH T el orieh b Ao g | Hifeem H1 W1 BCC ®
a1 O N TF ST 4-28 A )

Calculate the Hall coefficient of sodium based on the free electron model.
' Sodium has BCC structure and the side of the cube is 4:28 A. 10

| 6. (o) T dum i F R aTEeeR seaA g3 b faRan) g9 R Yo U8 %1 e § i
Ffsm)

Write down the Weizsicker mass formula for the nuclear binding energy. Give
short justification for each term of the formula. 20

(b) = farew @ 27 A Rifv w1 A= s 141 eV ® R T =300 K ® 3@
T I T ¥ | WA ST Sk ) WEEd @ A9 sydarers § wH W h R w
feoquft Hifsm)

What is an intrinsic semiconductor? Intrinsic silicon has a band gap of 1-1 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

(c) TF vads 6 aReern ik, feh gan v (T F f) @@ (/) A @ [ g
gur:r»(tﬁgéasﬁﬁ'a)B%lW@Wa@Af%mmmﬁﬁmgﬁmwﬁm%m

30 Td e A, Fes axia 78 @ das B 7@ FE R 2 A T R S wy
A, BN A fadd R feopft e

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 in Af with a change in A. 15

7. (@ aﬁfﬁm%ﬁa@au@z%mmﬁnwﬁgwwﬁ%%ﬁmﬂwm
e HIfT)

Using the uncertainty principle AxAp 2 g, estimate the ground state energy of a

harmonic oscillator. 15
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(b) ol g F forg snfafma (FegRwm) wra R A
L3, L,]=0
7 oft Twige B (L xL) = in L.
Prove the commutation relation for the angular momentum :
L%, L,]1=0

> o -
Also show that (L XL )=i#L. 15

(c) T T a1 it fafes Seil, sratoaos Siawor R ¥ v #f fFreforfaa w3 < wirdt 2 ¢

-A B
Sl A=1-44x107%% gm? @ B=2-19x107115 g m!° ¥ wmw smw, R, 3iv fadiem
Sl 1 g HiR )
The potential energy of a diatomic molecule in terms of the interatomic spacing
R is given by

-A B

U(R) = ‘I—?E + Fa‘

where A=144x107°Jm? and B=2:19x10"!1% gml!®. cCalculate the
equilibrium spacing, R, and the dissociation energy. 20

8. (a) TESISA TN Hi WuW AR He # gorag A sghi hit T B

Calculate the frequency of the electron in the first Bohr orbit of hydrogen atom. 15

(b) FWR UM H B? I YW w1 Frfaida (FeReR) e Rigm ¥ snur W awEssy)

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

(c) (i) THR THFH-ERA (RER FRERAERA) % RE TRgeH | @fm 7% pp e #
TN Al v afifrned ® gefas i) afifenst & ofomdt few wme @& R
SgE T
(ii) U R gEA AR § Wi iR ereRfdra e areht Uit i &) arem-eem e |
g i)

(i) 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 in the weak interaction of particles. 10
* %k K
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