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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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TR Red sravasar 8 awd ®

frata & wehret &1 A (o)
T 1 TG ()
T F AT (e)
mwﬁﬁmm(mi)
lu=1amu. =1.6605x10"%7 kg
ToaA I e s S (m,c2)
e s J fagasfia ()
ek TR H T ()
5 for* (R)
e foris (kp)
T TR ()

()
R A (up)
TfvhR AU (uy)
g gt e (o)
W 1 F=AH ()
A TR (m, )

3><108 ms‘1
9.11x1073! kg
1-602x1071° C

1.76 x10'! C kg™!

931-5 MeV
0:'5110 MeV

8-8542x10712 C2N1m2

4anx107" NA2
8-314Jmol ! K}
1.381x10728 gk}
6-626x1073* Js
1.0546x10734 J s
9.274x107%* g 17!
5.051x10727 g T}
1/137-03599

1-0072766 u = 1-6726 x10727 kg
1-0086652 u =1-6749 x10727 kg

T F FHAN (my) = 2.013553u

0T FH TEAE (M) = 4001506 u

12¢ =1 z=mm = 12:000000 u

120 %1 s=mA = 15994915 u

8% Sr =1 g=EHH =  86-99999 u

3He %1 5@ A = 4:002603 u

el Tpigrshr S (g)) = 0 (), 1 ()

o uigrhl 3T (g,) = -3-8260 (M), 5-5856 (W)
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Constants which

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

Charge of electron (e)

Specific charge of electron (_e_)
me

lu=1amu. =1.6605x10"%7 kg
Rest mass energy of electron (mec2)
Permittivity in free space (g,)
Permeability of free space ko)
Gas constant (R)
Boltzmann constant (kg)
Planck constant (h)

)
Bohr magneton (ug)
Nuclear magneton (uy)

Fine structure constant ()

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

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

Mass of 150

Mass of ggSr

Mass of 3He

Orbital gyromagnetic ratio (9,)
Spin gyromagnetic ratio (g)

URC-B-PHY/47

may be needed

= 3x108 ms!
= 9.11x10731 kg
= 1.602x10719 ¢

= 1.76x10'! C kg™

= 9315 MeV
= 05110 MeV

= 8-8542x10712 C2N!1m2

= 4nx1077 NA™2

= 8.314Jmoltk!

= 1.381x10728 gK!

= 6-626x1034 Js

= 1.0546x107%% Js

= 9.274x1072* g 1!

= 5.051x107%7 g1

= 1/137-03599

= 1.0072766u =1-6726 x107%7 kg
= 1-0086652u =1-6749x107%7 kg

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

= 15-994915u

= 8699999 u

= 4002603 u

= O (neutron), 1 (proton)

= =3:8260 (neutron), 5-5856 (proton)
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@us—A / SECTION—A

1. (@ fTog Hfm B 9 Tdem vy Rrafafsa (FenfhY) ST F e Tg=d §, SW n g
a1 Q) 9 3R Y weR w9 afiied B
Prove that Bohr hydrogen atom approaches classical conditions, when
n becomes very large and small quantum jumps are involved. 10

(b) O B y(x, t) = [AeP*/? +Be“'!”‘/"]e“'f’:"”""i ¥ foe yRea a0 wWE 99wl
o <6 siferes smen HifsT)
Find the probability current density for the wave function
W(x’ t) - [Aeipx/h ¥ Be—ipx/h]e—ipzt/2mh

Interpret the result physically. 10

(¢ THAA T H AN 4500 A ¥ alug o=l ¥ EW H S i ¥ W H AT
(fEm) 150 W  qu1 56 8% ol ¥ F w0 § vwe A 31 A F g R v wfd
Yere IcaTia Fopy s €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) Fed aEegh § T S % g R SHfrran e, gl 85 4 TR faafm 91 A,
20 cm & & B

() 38 B W e % A f e i)
(i) ST H S MeV # el &7
R T ¥, TR & = 1500 EE A S H T = 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 = 3-34x10727 kg. 10

(e) TF sEET frem w1 wes weE (W) T W] S A 357 A IR 12 R1 @
frza ¥ v 6 T SR R T R, SENTR) FE@m, N =6:023x10%° (kg mol) 1.
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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) -1/4
2. (a) @maﬁmwmm:(ﬂ e~ /2 ¥ g Frefya R w1 21 F91 F R Ax 3R
Ap 1 aftwer Fifv o aﬁfﬁwmmw:%aﬁwﬁa%m

-1/4
A particle is described by the wave function y(x) = (%) e“”‘2/ 2. Calculate

Ax and Ap for the particle, and verify the uncertainty relation AxAp = g nS

(b) T A3 =13 U §A R A B if) s R A =1
Consider a Hermitian operator A with property A% =1 Show that A=1. 15

() i gEFEa R (To o o) ¥ Rrgr # gy i g=fm ogR *
o157 @ SRl # qERY a9 F9S HEEgol Syt % 9R & faRaw)

Write the principle of nuclear magnetic resonance (NMR). Explain the design
and working of NMR, and write its important applications. 20

3. (@ %efirm N 6438 A A i W@ F WA A e N g A, safE gomgst S
0-009 T % Tr=ehig &% § a1 ™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. 15

(b) WY T $A @H-TTH TEN H IR WA T WAL F G A, HOE A
TeRTEN S 3R TATT F TRV T IThTH fhan ST Wkl § 1

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) aﬁﬁwﬁsﬁaﬁq%mmz-m+§ﬁ,ﬁwﬁwuﬁm%ﬁﬁmﬁmﬂz’ﬁmﬁ

(@l%z—a&memaﬂm%)mgm——;’-%? z’ femn & waspw 6 fraa WH w0 RY

If the z-component of an electron spin is +§, 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’? 20

4. (@) TRUAF 3s) vt w1 g faya sy, THERE AR, py, % 9@ ¥ ¥ i) fen
TR, p ,=2:792847uy AR p,=-1913042uy.

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

n,=-1913042uy. 15
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(b) R F IURG g AR WRAT ) fafaw) (@) =g 3R (i) WM % e el B R
we Hfvm)
Write down the basic weak interaction processes in the nuclei. Also illustrate
the beta decays of (i) neutron and (ii) proton. 15

(c) T =Tere h ff-we (amm ol aftmrers) eaumon qun Adaad a1 I wd §¢
srferaTereRal % @ wieq Wi i et Him|

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

20
@Uves—B / SECTION—B
5. (a) T €9A ¥ I o T 0 F e a0 wemt F, E >V, & e, ffew
Vo, x>0
Vix) _{ 0, x<O
A
Vix)
N
O, Bl @
= >
aRomt it st samEm Hifv)
Write the wave functions for a particle on both sides of a step potential, for
E> Vo .
Vo, x>0
Vix) =
() { 0, x<0O
M
Vi(x)
N
O, ol @
= >
Interpret the results physically. 10
(b) wigeR yumE 1 = Hifv)
Explain the Méssbauer effect. 10

(¢ 9=t & It wea # g T s RfEm § @ wweete 233 U sie 238U, 7.3x1073 @
1% TN AgaE # €)1 9% e g 5 A et % fmin ¥ v 9 wwente wwe
" & 3IA Y, I P & am @ e iR e mn @ S wreenfret ) ohea
g e 1:03x10° o a1 6-49x10° =9 R)
Natural uranium found in the earth’s crust contains the isotopes 282U and
238 Uin the atomic ratio 7:3x1072 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 ge A8 Yeghiiem s (3e) F 0-19 wonys wfavd aw (HR) e i wHe ®
o1 0-18 TRETE ST AW ¥ag ¥ 1-2 mm I TEE W R 550 °C W FqE A a1 A
¥ Yood w1 UReed Hvg, aR 3@ aHM W oaw & YogfifEm A feeme o
525x10713 m? s7! ®| fow ™0 }, Al FCC et WHi, 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
525x10"1% m?2 s~!. Given, Al FCC with lattice parameter, a =4:05 A. 10

" (e) aﬁsﬁaﬁqﬁmﬁmﬁ@mﬁm%ﬁawﬁmmﬁ%ﬁmﬁmﬁmBCC%
| a1 O N TH YT 428 A7)
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. (a) T dER S ¥ RAT AR oA g b R g9 § W T T o wa 7 i
| <iism)

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

(b) A aiaes w7 AW RifeE W SR SR 101 eV R ol T =300 K ® &
T I T R | WIS ST S ) WEEd @ A9 e § il ' R Rl )
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

() UF vads F afewew i, Neh gen um (Ffor & fomn) @ty () A % q i
guﬁa(ﬁmﬁﬁa)B%lgﬁgﬂﬁwaﬁﬁAf%a%qmmﬁmlgaWua%%m

I T 6 et FiR, Rk F=rla 98 TF dos B ®e FH B 21 A § aRadd % w
Ap # 8 A aREda R el 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 in Af with a change in A. 15

7. (a) wﬁfﬁm%ﬁwmumz%mmﬁmwﬂngamﬁ%%ﬁmﬁwm
e Hifve |

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

harmonic oscillator. 15
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(b) FHiE wam % foe sl (FgRwm) =y fag i
L3, L,]=0
7 oft ewise B8 (L xL) = ih L.
Prove the commutation relation for the angular momentum :
L%, L,]=0

> - -
Also show that (L xL)=ihL. 15

(c) T Teuwumoe a1 it feufest S, STataTTs siqr R % vg # frefafaa ®a d A s & -

-A B
Sl A=1-44x1073% gm? @ B=219x107115 g m!° ¥ gma s, R, v faEiem
F1 1 giEhed Hfm)
The potential energy of a diatomic molecule in terms of the interatomic spacing
R is given by

-A B
where A=144x10"2%Jm?2 and B=219x10"'° gm!®. Calculate the
equilibrium spacing, R, and the dissociation energy. 20

8. (a) TEGNA T H YW IR Fe F oA hl @R A TR HR)

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

(b) I UNTE H Y SHF A9E H Fwfaf¥a (FReR) e g % enur W anEsy)

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

() () R - (SR SRERERE) % A TEEeE A dRem 9% pp Sa i
BN et ygE sfufreT A gEfee A afifrnett ¥ afomht faw e w5 o
Sg@ )
(i) HoN h A =NafE § Wi IR iy A A ufirEt B Q) eem-eem @l |
et Fif)

(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
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