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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.
Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be
attempted choosing at least ONE 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
meaning.
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 (QCA) Booklet must be clearly struck off.
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3 X 108 ms‘1
911 x 1031 kg
1-602 x 10°19C

1-76 x 1011 C kg!

931-5 MeV
0-5110 MeV

8-8542 x 10712 C2 N1 m2
4nx 1077 N A2

8-314 J mol 1K1

1381 x 10728 JK!

6626 x 10°4J s
1-0546 x 1054 J s
9-274 x 1024 g 71

5051 x 10727 J T~1
1/137-03599
1-0072766 u = 1-6726 x 1027 kg

1-0086652 u = 1-6749 x 1027 kg
2:013553 u
4-001506 u

12-:000000 u
15994915 u
86-99999 u

4-002603 u

0 (FggH), 1 (1)

— 3-8260 (JIgH), 5:5856 (T2)
6023 x 1023 mol 1




Constants which may be needed

Velocity of light in vacuum (c) = 3x108 ms!
Rest mass of electron (m,) = 911x103! kg
Charge of electron (e) = 1602x10719C
Specific charge of electron [mi] = 176x101C kg‘1
e

lu=1lamu. =16605x 102 kg = 9315 MeV
Rest mass energy of electron (mecz) = 05110 MeV
Permittivity in free space (gg) = 88542x1072C2N"1m2
Permeability of free space (ug) = 4nx 10" N A2
Gas constant (R) = 8314 J mol 1K1
Boltzmann constant (kg) = 1381x102JK!
Planck constant (h) = 6626x1034Js

() = 10546 x1034J s
Bohr magneton (jip) = 9274x 1024311
Nuclear magneton (uy) = 5051x1027g 11
Fine structure constant (o) = 1/137-03599
Mass of proton (m,) = 1-0072766 u = 1-6726 x 1027 kg
Mass of neutron (m,)) = 1-0086652 u = 1-6749 x 1027 kg
Mass of deuteron (my) = 2013553 u
Mass of a-particle (m,,) = 4001506 u
Mass of 5C = 12:000000 u
Mass of ' ;O = 15994915 u
Mass of ,_Sr = 86:99999 u
Mass of ; He = 4002603 u
Orbital gyromagnetic ratio (g;) = 0 (neutron), 1 (proton)
Spin gyromagnetic ratio (g,) = —3:8260 (neutron), 55856 (proton)
Avogadro Number = 6023 x 1023 mol™!

PHKM-B-PHY 3



Q1.

(a)

(b)

(0

(d)

(e)

T s A
SECTION A

QEFWEBTWW¢(x),x-31&:lﬁX=03ﬂ'(x=2%d"|7=lﬁbx2%@31?1
foreft T W o(x) =07 |

(i) x=103Mx=15% g T H o YT I I IR 1A HIfAT |
(i) o1 =t feafa =1 gmm 9 < x > F1d i |

A particle limited to the x-axis has the wave function ¢(x) = bx2 between

x = 0 and x = 2; the wave function ¢(x) = 0 elsewhere.
(1) Find the probability that the particle can be found between

x=10andx=145.
(i) Find the expectation value < x > of the particle position.
femms o Hes Fofig g3 R &1t (L2), S dan g6 L+ 6
oft uesh & fepufiads ? |
T Efed FarsT &6 70 L% Ly, L 3R L, % gaa feafa & aman s awar 2 |
Show that the square of the orbital angular momentum operator (L2)

commutes with any of the components of angular momentum operator L.

Is it possible to measure L2, L., L, and L, simultaneously ? Give reasons
X Z

10

for your answer. 6+4=10

freat foore aggio & WagH & 3 aulesd ¥ vy YR Fafud 8 2

How is Rydberg constant related to emission wavelength of hydrogen
spectrum ?

=TT dife 6 gsgio Wagw fha IR sais +i gfafafad @ & oo
Ig o Sran @ |

Explain how the hydrogen spectrum is used for imaging the universe.

I U Hl Holl A hifow fS@ET goHE m ? IR S fawe &
v<x>=@?ﬁm%aﬁxmﬂwgﬁmwm:m@m
218 b U fOor 2 |

Find the energy of the particle of mass m moving in a potential field

2 h? h2x> . . ; :
V(x) = ——for which the time independent wave function is
m

y(x) = exp(— bx?2). Here b is a constant.
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Q2.

(a)

(b)

(o)

fug EAIE L & -

G M4 L]=0

(11) [Lz, L+] = hL+

(i) [L,,L_] = 2hL,

(iv) L,Ly=L?-LZ +AL,
&l h= 2h_n (h i feore 2)
Prove that :

() (L% LgJ=0

(ii) [Lz, L+] = hL+
Gii) [L,,L_] = 24L,

(v) L,Ly=L?-1L} +AL,

where h = 23 (h is Planck’s constant) 5+5+5+5=20
T

e (Freaw) svaeen § T T STad] (EA11]) diereh i all %o

mw1/4 Il](,!)X2
WO"‘“(H] e"p(‘ T )%'
G) 3E fa foig = i v srfirenan & 2
(i)  oIfrehaw STRIehdl 9Hcd 1 HH &1 8 2

The ground state wave function of a harmonic oscillator is

o (mo 1/4 N o
Vo Ay P =0 |

(1) At which point is the probability density maximum ?

(ii) What is the value of the maximum probability density ? 15

() I8 AF gC fh T § =g g argwa fke e fawa i 10715 .
T % TH-AH, 34 gg dlan fava g AerEg F9 § g W
2, SAdgH ol IaH TS FHoll 1 T HIIT |

Gi) 3w A § Hifta =g A 2Ean s S B A HINT |
?@TW%WQEW?@W%WWWWW

|

(1) Assuming the potential seen by a neutron in a nucleus to be
schematically represented by a one-dimensional, infinite rigid
wall potential of length 1015 m, estimate the minimum kinetic
energy of the electron.

(ii) Estimate the minimum kinetic energy of neutron bound within
the nucleus as described above. Can an electron be confined in a
nucleus ? Explain. 15
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Q3. (a) T wwE % Fwifafsda it Faien figia & e vF Qe § Weg W@
g yR gdfia et & 2

How do Stokes lines appear in Raman spectrum as per classical and

quantum theory of Raman effect ? 20
(b) ETESIH TagH Hl YA G A A gia w0 2 Tl savediem  naw

R 39 faga i ==t Hifv |

What is Lamb shift in the fine structure of hydrogen spectrum ? Discuss

its theory based upon second quantization. 8+7=15
(0 I ATITHI FATE H U HIMAT | 9% NMR ¥ iqil i IR Hfm

3R 3% STTENT i == hifer |

Describe Electron Paramagnetic Resonance. Highlight its differences

with NMR and discuss its applications. 5+10=15

Q4. (2 () UG % G oM WG H T HW W, W [ W Afeam
T % HHT Hal TR H AT RifSw | 7 Aifve B aifem §
Y giag Nfd T # 3f S8 9T 0-97 gm/em? R |
i) Tr=fafaa % fae st @ smw s ek it stw fafiaw
I uh-fadfia siew § diftd soeeia #1 B,
II. e nadi o

3I9YH GHI i ueHs got ot i |

(1) Using free electron theory of metals, calculate the Fermi energy
level of sodium atom at absolute zero. Assume that sodium has
one free electron per atom and its density is 0-97 gm/cm3.

(i)  Draw the energy level diagram and mathematical expressions for
the following :

[.  Ej of an electron confined in a one-dimensional box

II. Linear harmonic oscillator

Make a qualitative comparison of the above two cases. 10+10=20
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(b) U fgwm oty & forw, fomd St vt #1 g W B 3 SR T
2 |, TS b firbr mfa A goit S, sowgife st @ %{pﬂw
21

Show that for a diatomic molecule with two nuclei of mass ‘M’ separated

by a distance ‘@’, the rotational energy of nuclear motion is lower than

m
electronic energy by a factor of ﬁe . 15

(¢ L-ST®T 3R J-J Iu7 & s 3w oyee Hifsw |
z=1asm,,1=gaﬂu= %f@rﬁvﬁ%m 3 % v s o d 0

Differentiate between L-S coupling and J-J coupling.

_)
What are the possible orientations of J for the J = % and J = % states

that correspond tol =17 5+10=15
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@ us B
SECTION B

Q5. (a) RSN ((HL) & T aaea it o 39 SMuifas g9 | HIfT | (A
i fr g it Bren 3% wow 9 % i G % s R) | sudw
A | S w1 fswd frenrer wehan @ 2
Compare nuclear density of hydrogen (;H!) with its atomic density.

(Assume the atom to have the radius of its first Bohr orbit). What
inference can one get from the above comparison ? 8+2=10

(b) wifeam Firse ¥ HUE (100) Fag! & A= a0 141 A | X-Frot o
forea it Ta8 W 10° & geeadi s W ysdt &, @ feda w0 F 9 quada
IE B & | X-feror & fafemor & qoreed <Y om fifs |

The spacing between successive (100) planes in sodium chloride is 1-41 A.
X-rays incident on the surface of the crystal are found to give rise to
second order Bragg reflections at a glancing angle 10°. Calculate the
wavelength of X-ray radiations. 10

(0 Tag Fiftw % s i oma (Freaw) o F v Ffeaei 6 S=n
T 2-15 x 10~ 139t F Sy Bt B |

For the ground state of deuteron, prove that the radius of nucleon is of
the order of ~ 2:15 x 10~13 cm. 10

(d) ¥ Fo hi IREEi BhE % amed (area) @ @ st @ 2 39 areies
fora & amed & anuw W faftm st = affesor aifdw |

What is meant by strength of the interactions of elementary particles ?
Classify the different forces on the basis of this strength of interaction. 10

(e) ofhifas b &3 fhm YR amm W fflt wtar R 2w srfoemes
T % T, 14 K 31X 13 K W shifds b &3 HAT: 145 x 105 A/m 3R
42 x 105 A/m & | Afo=Tere WA AI9HE 3T 0 K T hifdes & i UM
HifST |

How does supercritical magnetic field depend on temperature ? For a
superconducting specimen, the critical magnetic fields are respectively
145 x 10° A/m and 4-2 x 10° A/m for 14 K and 13 K. Determine the

superconducting transition temperature and the critical field at 0 K. 10
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Q6. (a) T AN H GuhF A T § ? AW IW H 3 A | iR
TR (uy) N SR WHEE (up) B Refya AT | 396 AH TR
HIT |

Does the nucleus possess magnetic moment ? Justify your answer.
Define nuclear magneton (uy) and Bohr magneton (up). Calculate their
values. 7+8=15
® () od-emuias gemm g fafEw | S @ e IwEm W @ R
2o G (A) % Toe ged R Tifies & o] AT (Z) T oM
Hfw | (ArEfa U % TH FE S b [T ag = 0-711 MeV 3R
srEmfafa St % AT ay = 23-702 MeV 1 3TN Hifom)

Gi) Tr=fafea b sfufen & Qum i womr Hifvw -
4Be9 i 2He4 = 6012 + Onl
foan T R : Be 1 IMIAE W] §EME = 9-015060 amu, He
SIS TEHIY] ZoTHH = 4-003874 amu 3R C FT TGS TATY GoTHH
= 12-003815 amu. =2 T Z599H = 1-008986 amu 2 |
(6)) Write semi-empirical mass formula. Calculate the atomic number
(Z) of most stable nucleus for given mass number (A) using

the above formula. (Use the value of fitted coefficients for
Coulomb energy ag= 0711 MeV and that for asymmetry energy

aq = 23-702 MeV).
(ii)  Calculate the Q-value of the following nuclear reaction :
4Be9 + 2He4 = 6012 + 0111
Given : the mass of neutral atoms of Be, He and C are 9-015060,

4-003874 and 12-003815 amu, respectively. The mass of neutron
is 1-008986 amu. 15+5=20

(© ¥ F % fore fafm deeor fraw o § 2 37 wreqo Frmi =t S0 1 getod
Hifore o 71 Frafafaa sifwfsrand gvwa @ o =& -
(1) t+n® 5K+ K
G v, +p"on’+e
What are the various conservation laws for elementary particles ? Apply

these conservation laws to confirm whether the following reactions are
possible or not : 15

@ nt+n? 5K +K'

0

(ii) Ve +pon+e
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Q7. (@ (@O

(i)

(1)

(i)

(Y
(ii)

(1)
(i1)

HAIgSHcd B A T 2 ? JggEHE Ygfa i aumE ol Hi
fag=m Hifsr |

Tl EEgeA hl AEE q9 g W oo (Freaw) orawen #
gfagsshia wgfa it T Ffe | a6 e amgem *
ﬁ%mﬂwﬁamﬁmﬁmﬁmmaﬁ@#:sagé,ﬁﬁao
TSI 1 JH 1 Her H B # |

What is the origin of paramagnetism ? Discuss the temperature
dependence of paramagnetic susceptibility.

Calculate the diamagnetic susceptibility of atomic Hydrogen in
the ground state at STP. Assume the mean square distance of
electronic charge distribution of atomic Hydrogen from the
nucleus r2 = 3a(2), ag being the radius of the first Bohr orbit of

Hydrogen. 8+7=15

IAFZH & TNTH GoIH hl 1 JAUR & ?
TASRAT 98 F IR W S T Ek) = — 1 x 1026 k2 ergs foam
2 | U 3oagi 3fifeed k = 1 x 107 k, em~! & Ferer foren smar 2 1
B & THTE geH & s wd afmmr s fifv |

What is the concept of effective mass of the electron ?

The energy near a valence band edge is given by
E(k) = -1 x 1026 k2 ergs. An electron is removed from the orbital
k =1 x 107 k, cm~l. Find the sign and magnitude of effective

mass of the hole. 10+10=20

(c) TH RCIMa et Wclierr #1 weg-sngfa @mwis (wfedr) A, = 1008 |
2 3R TR & 3 (Fe-3116) NGl £; = 20 Hz 3 £, = 50 kHz & | 36
g =t Fra hifsre i @ s (afer) o2t 80 & waT B |
An RC-coupled transistor amplifier has mid-frequency gain A, = 100.

The values of the lower and upper cut-off frequencies are f; = 20 Hz and
fo = 50 kHz. Find the frequencies at which the gain is reduced to 80.

Q8. (a) T TN w1 TR AT JETNYUT F1 8 ? WiEES (Mossbauer)
WFgie i HRIA 3K 56 TR %1 qui HifSa |

What is nuclear resonance absorption of gamma rays ? Describe the

working and applications of Mossbauer spectrometer.
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(O CY)

(ii)

(i)

fefvea fram, T fem @ fra vor fim R 2 fefiea someifiag

% SIS ITANT % G&T HAU 1 & ?

AND 72, OR ¢ W& NOT e & T 3@, eiig qeftertor 3 demm
aroft €T | guisy fF NAND 3t NOR Tei 1 qrdfe (gfada) e

% ®9 U Igh B Ghd B |

How is digital system different from analog system ? What

are the principal reasons for the widespread use of digital
electronics ? 4+4=8

Give logic diagram, Boolean equation and truth tables of AND,
OR and NOT gates. Show that NAND and NOR gates can be

utilized as a Universal Gate. 12
(¢) FET 3R MOSFET & ®REYUIelt il GoT, ITeh! =T, [ - V &5h 3 a0
e & ouR W ST |
Compare the working of FET and MOSFET with their structure, I -V
curve and transfer characteristics. 15
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