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SDF-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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frafa & wehre &1 37 (o)
FAaZH F T (m,)

T T I (e)
Wﬁmﬁ&mm(i)

lu=1am.u. =1-6605

foriw R sravasa & qwd 3 i -

x107%7 kg =

Feaz i ferman gemE W (m,c?) =

T ST # fergaefien (eo)
T SR H G ()
e o (R)
SiegsmH feRi® (kg)
i fer (k)
()
AR A ()
v AR (1)
&R T FOR (o)
S 1 520H ()
g T T (my,)
S 1 FATH (my)
O I FHHAH (M)
12¢ %1 5= A
120 =1 z=mM
8% Sr @ g=mH
3He &1 559 H
Fafta oigraeia g (g,)
o g arm (g,)

SDF-B-PHY/13

3x10® ms!
9.11x1073! kg
1-602x10712 ¢

1-76 x10'! Ckg!

931-5 MeV
0-5110 MeV

8-8542x10712 C2N1m™2
4nx107 N A2

8-314 J mol ' K}

1-381%10°% gk -!
6-626x10°% J s

1.0546x102%* J s

9.274%10724 g 7!
5-051x107%7 g 1!
1/137-03599

1.0072766 u =1-6726 x1027 kg
10086652 u =1-6749 x10~27 kg
2.013553u

4-001506 u

12-000000 u

15994915 u

86:99999 u

4-002603 u

0 (M), 1 (1)

-3.8260 (2H), 55856 (i)




Constants which

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

Charge of electron (e)

may be needed

3x108 ms™!
9-11x1073! kg
1-602%30°22 ¢

Specific charge of electron [_e_] 1.76x10'! C kg‘l

me
lu=1amu =1.6605x10%7 kg = 931:5 MeV
Rest mass energy of electron (mecz) = 0-5110 MeV

8-8542x10712 C2N1m™

Permittivity in free space (gg)

Permeability of free space (1) 4nx1077 N A2
8:314 J mol 1 K™!
1.381x10° 2 JK™!

6-626x102% Js

Gas constant (R) =
Boltzmann constant (kg) =
Planck constant (h) =
() = 1.0546x1073% Js

274x107# g1t

5.051x107%7 JT7!

Fine structure constant (o) = 1/137-03599

= 1.0072766u =1-6726x10"2" kg

Bohr magneton (ug) =

Nuclear magneton (uy) -

Mass of proton (m,)

Mass of neutron (m,) = 1.0086652u =1.6749x107%7 kg

Mass of deuteron (my) = 2.013553u
Mass of a-particle (m,) = 4-001506 u
Mass of '2C = 12:000000 u
Mass of '§0 = 15994915u
Mass of 55Sr = 86:99999 u
Mass of 3He = 4002603 u

Orbital gyromagnetic ratio (g,) 0 (neutron), 1 (proton)

-3.8260 (neutron), 5:5856 (proton)

Spin gyromagnetic ratio (g,)

SDF-B-PHY/13 3 [P.T.O.



@Uus—A / SECTION—A

1. (a) @wisy o wien AiBHR o1 F 5w o e @90 F9: m=h /() W@ p=h /A F T
wifea g 8, STt h, A 3R v wiE R, dte st w0 ¥ 3 §) @ ged @ qo-sn
gaa (3%) W feuft Hifsg)

Show that the mass and linear momentum of a quantum mechanical particle
can be given by m=h/(Av) and p=h/\, respectively, where h, A and v are
Planck’s constant, wavelength and velocity of the particle, respectively.
Comment on the wave-particle duality from these relations. 10

(b) EESHe % o ST fugidl ) aaRy ik TR w1 § e 6t e gitd *
T 4 39 fagral % e 7ew =1 39 Fifsm)

State and express mathematically the three uncertainty principles of

Heisenberg. Highlight the physical significance of these principles in the
development of Quantum Mechanics. 10

(c) TH-ImErfl fava % 9w § v g wien i wu % e 9 e 5 o fakee we a
TR (Ff=d) Bl §1 3 e A U e Aed] S & o A e v fim §

For a free quantum mechanical particle under the influence of a
one-dimensional potential, show that the energy is quantized in discrete

fashion. How do these energy values differ from those of a linear harmonic
oscillator? 10

(d) = FRW g T B-alm o yoreht § gnfy sfeimm amman ave 76 27 38 o $ifg)

Why is population inversion in general not possible in a two-level laser system?
Explain it. 10

(e) FFRM 2 fF CO, 31 F T W 3R T FUH TH-gE F T B 27

Why are Raman active vibrations and IR vibrations in CO, molecule
complementary to each other? 10

SDF-B-PHY/13 4




2. (@) 9 el-TR T B TR TER ARG w87 REge R & w1 w0 a0 af aTe Se-w
¥Hed, AR V' dH-Ammt o1ig 9iem §

ol

B8, 0 A o +do F F= F AE Wegd § B ) g8l 7 it 7 kR oufa R =
¥ el &t g L/ (2n) B, @l L o afem F e avd ) s 2

How do you define density of states? Show that the density of states with wave
e 2
vector less than k in a three-dimensional cubic box of volume V can be given by

in the frequency spectrum between w and w+dw. Here, assume that the
number of modes per unit range of k is L /(27), L being the length of each side
of the cubic box. 20

(b) A wE i AR Bewm | Py ww d ofenfie S o ey Fowm weg B
n R WY S

1 Be 1
2(@/Z)4anne,

A 2, &l Z, H WA 1 W] 9% 2| H WY % q 3R E, % i A+ H1 IReber
i

n

Define mathematically the Bohr radius of a hydrogen atom and show that the
binding energy at state n of this atom can be given by

) Ze* 1
2(a/Z)an%ne,

n

where Z is the atomic number of H atom. Calculate the numerical values of
a and E; of H atom. : 15

(c) wffTaad % g A gEgeH T % srsr AR Frean sawn se # A A

Estimate the size of hydrogen atom and the ground state energy from the
uncertainty principle. 15

3. (@) YA 3R ATEHE SHHE SN H v R | FHesT 6 98 wegee v § ayedl
¥4 33T =@ B

Describe normal and anomalous Zeeman effect. Explain how it lifts the
degeneracy in hydrogen atom. 20

SDF-B-PHY/13 5 | RT.O.



(b) e gt (Rrez) F1 87 TR AW A H, 9UR Y@ F g wE w1 Puke w3 8§
e | == hifig)

What is Lamb shift? Discuss its significance in determining the fine structure
of H, Balmer line in hydrogen atom.

(c) TISE SV IR 0, 6, AR o, F whfiE Hifw) T ofemws F IEm F@ gu FE
@ T Hifvre

Define Pauli spin matrices ¢,, 0, and ¢ ,. Using these definitions, prove the
following :

; 2 2 2

() oyx=0y=0;=1

(i) 0,0, =i0,; 0,0, =i0,; 6,0, =i0,

fa) U1 % HofiE gam 1 gionfia Hifg iR wrdfa FEe & Foig 9650 o L $ 3H6 a2 @

a1 &IEY | =9ige R
i2 =—h2[r2V2 _i(rzi)]
or ar

B ®1 wfea A & were L2 ) el ge P (6 o) 3

4 2
i2 =-p* b [sine-a—)+~———~l il
sin 6 06 290) sinZe a¢2

@ +ft saeh foran w1 weban B

Define angular momentum of a particle and find out the three components of
the angular momentum operator L in Cartesian coordinates. Show that

i2 =—h2[r2v2 _j(rz j)]
or or

Prove that the operator L? can also be expressed as

,. 2
i? =52 L i[sinei)+—l—i—
sin 6 06 00/ sin? 6 992

in spherical polar coordinates (r, 8, ¢).

SDF-B-PHY/13 6
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(b) & Wak wadi des & g e y=ow (FEwE) 1 fafew) qoiw o F

(c)

(b)

v (3EH) 79 R E, =(n+%)nmommf®%m wifireas fn <1 we

3, it o, Y Ao % B TR TR 21 R SR R n =0 s a3 fife
M 9 F TH 901 e Bl

Write down the Hamiltonian operator for a linear harmonic oscillator. Show
that the energy eigenvalue of the same can be given by E, =[n+%)hm0 at
energy state n with ®, being the natural frequency of vibration of the linear

oscillator. Prove that n=0 energy state has a wave function of typical
Gaussian form.

Fi-hed fagia 71 27 30 fugia ¥ anum | o Rrftas o) & wefie e S
F g faro w == Hifem)

What is Franck-Condon principle? Discuss the intensity distribution in the
vibrational electronic spectra of a diatomic molecule on the basis of this
principle.

@vs—B / SECTION—B

Il e TR B T T & W o g g ¥, sl v A § g A st
Bt ¥ | FHFEY |

Stable light nuclei have equal number of protons and neutrons, whereas
heavy nuclei have excess of neutrons. Explain why.

o9 (u) 3 T (d) T F fre T 7oA A g =g iR e F g s
SR (4, /1hp) TT AT

Assuming equal masses for up (u) and down (d) quarks, find the ratio (4, /Kp)
of the magnetic moments of neutron and proton.

15

15

10

10
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(c) Tho WMo Ho e i TeIST g vl F rew g (W) A AP B

Deduce the Miller indices of the close-packed planes of atoms in the f.c.c.
lattice. 10

(d) # % SgeberhE 9w F = F Fv e B T was e @ F ww ey
ol % i F B F T9F R ¥ F0F A9 R T6 w9 F e wRw fedmm 1 sw@m
it |

The angles between the tetrahedral bonds of diamond are the same as the
angles between the body diagonals of a stack of neighbouring cubes having
common edges and not faces. Use vector analysis to find the value of the angle. 10

() T=300K a9 W UH faferhia sidamem 991 &1 squy-%r &% 0-5um? %, Fms
TEEEE SR ST WEEA C(x) = 5x 106 el*/In) cm =3 ¥ T 1 el < nfferan
1250 cm? V157! & 7 ¥ iR wegHl f fwon @, L,, 4pm 2 TR § g
x =2 pm R fam um =1 giwmem Hifsg

A silicon semiconductor sample at T=300K having cross-sectional area
of 05um? has a pentavalent donor doping profile given by
C(x)=5x10'® e™*/m) em 3. Given, the mobility of the electrons in the sample
is 1250 cm? V™! 57! and the diffusion length of the electrons, L,, is 4 um.
Calculate the diffusion current in the sample at distance x =2 um. 10

6. (a) AMF F AFR F @ F4 % fafim ol fi =3 fifve) sm wifie i sifaw Tt
o ik B, @ e e gFeu @ I i TRl F Yaw @ ahehe G Rt
frg R S017

Explain the various methods of finding the size of the nucleus. How will you
determine the nuclear radius from the observation of beta rays resulting from
nuclear transition when the initial and final nuclei are mirror nuclei? 5+15

(b) Tt s 70 % 1ds,, 3 1d,;, F 9= vF F0 T YuEA 5 MeV ¥ | Fem0-hal

SR R A ()  Awe ) e s R R 1ds,, ®, 1d,,, WA
=R

Given that the single particle energy separation between 1ds,, and 1d, /2 in
170 is 5 MeV. Calculate the strength of spin-orbit interaction. It is observed
that 1dg,, level is lower than 1dj,, level. 15

SDF-B-PHY/13 8



(c) Fad & &7 W TER gaa A=At § AR IgER F vgam w6 64 76 2 7 A W

=1 ifac wifeq Hifem)

Why is it not possible to detect the parity violation in weak interaction
observing only the beta decay rate? Justify your answer.

7. (a) ¥ a9 Ferh-Hiad B e ) fEr fifg ) o Hife—
(i) 9T T wiEE # ;
(i) AT FIHH F AHA F;
(ifi) ScHA AN TR Hiw H;

(iv) A STES & S |

Consider a face-centred cubic lattice of side a. Deduce—
(i) the primitive translation vectors;

(i) the volume of the primitive cell;
(ii)) the reciprocal primitive translation vectors;

(iv) the volume of the reciprocal lattice.

(b) v ER ¥ TF wied A B dEd S F fon = gem i) wfi-feuw e
E -Ep >2 WH ofifsrg, sief Ep w1 ®® 21

by
15

20

R

Derive the expression for the average energy of a quantum oscillation of
frequency v. Assume Fermi-Dirac distribution and E - Ey > 2, where Ey is the

Fermi level.

15

(c) vF 3fg (FER=) Hie MOSFET #! Sifyey-Fi2 §adl &1 @i sy R sk ol

(1r3ege) sifeemil 1 Heg | To% e % fagidl i s A

Sketch the cross-sectional structure of an enhancement mode MOSFET and

explain its principles of operation with the help of its output characteristics.

15

8. (@) % fufemE = ¥ TR F 6x10'0 cm ™ YgftEm wmE sk 7x10'° em™?
wepRE e @ wiikd fR T R T=300K W fEm T R, W s @iE,
n,=15x10°cm™3; &  FWW, E,=llev; TRH oo,
i, =1250 cm? vl sl ar g nfaefiean p.p=480crn2 vis™ R E A oW

o Hifsrg
(i) FEATEAE H YER, n A p

SDF-B-PHY/13 9
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(b)

(c)

(i) B aATEE W

(iij) FELA ATEH HIET

(iv) <eF € % dell & ANy T § FH-TR 5 =}H
(v) T F ATEHA

A silicon semiconductor sample is doped with 6 x10'® cm™ of aluminium and
7x10"° em ™3 of phosphorus atoms. Given at T =300 K, the intrinsic carrier
concentration, n; =1-5x10!° cm"3; the band gap, Eg =11 eV; the electron
mobility, p, =1250cm? V™! s™' and the hole mobility, p , =480 cm? V™! 57!,
Determine in the sample of the following :

(i) The type of the sémiconductor, nor p

(i) The hole carrier concentration

(iti) The electron carrier concentration

(iv) The position of the Fermi level in the sample with respect to the bottom of
the conduction band

(v) The conductivity of the sample

2 nA 3R faeim Hgf o0 9@ tF 5 cm? Ge ¥R ¥9 W AR fafEor smofea @t 2, @

wfa Vv 4 x 1017 geidgE-gra gt w1 Fui g 21 e o de T ewrEat wh:
5um 3R 2 um % A« % ferg F= & o hifs

(i) <g-gfEy g

(i) Gen-aREy Frezd

A 5cm? Ge solar cell with a dark reverse saturation current of 2 nA has solar

radiation incident upon it, producing 4 x10'7 electron-hole pairs per second.
The electron and hole diffusion lengths are given to be Sum and 2 um,
respectively. Calculate for the cell of the following :

(i The short-circuit current

(i) The open-circuit voltage

(i) e gehi sl < 3t w e Hif) e F a0 Hied 61 wee @ gahy
fayda gl & foe =9+ =gaaw Fifs)
(i) TH WA AR TF EH A g & 9 (e TE R S A1) % T we v R s

R S=v (STRIfeN), o (ffR) sir #afm wien w@ensdt =t fiffs @
faftm dwifem sraeeneii = fafaw)

SDF-B-PHY/13 10
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(i) Explain the origin of the nuclear magnetic moment. Deduce expression for
the magnetic dipole moment with the help of the Schmidt single particle
model. 10

(i) For a system consisting of one proton and one neutron (not necessarily a
deuteron), write down the various possible states specifying clearly its
isospin, spin and orbital quantum numbers. 10

* ok ok
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