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mg

- 3% 108 ms™!

-~ 911 x 1073 kg
- 1602 x 1079 C
- 176 x 101 C kg™!

lu=1lamu. = 1-6605 x 10727 kg = 931-5 MeV
SR B TS TME St (me?) = 0-5110 MeV

Heh AT H FagaEfiera (g) 88542 x 1012 C2 N1 m2
HH TR HT IO () 4m x 1077 N A2
o fRds (R) 8-314 J mol 1 K1
eI R () 1381 x 1023 J K~
i fOR (h) 6:626 x 1034 J s
(h) 1-0546 x 1034 J s
R AHEH (up) 9-274 x 10724 g 71
TR B () 5-051 x 10727 J T-1
& =1 TRl (o) 1/137-03599
T T g9 (m,,) 10072766 u = 1-6726 x 1027 kg
=g 1 g9 () 1-0086652 u = 1-6749 x 1027 kg

SUA FT GAE  (my)
0-hU1 1 ZIHH (m,,)
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2:013553 u
4-001506 u

12-000000 u
15-994915 u
86:99999 u

4-002603 u
0 (JqgH), 1 ()

— 3:8260 (}IgH), 5:5856 (WeT)

6-023 x 1023 mol—L




Constants which may be needed

Velocity of light in vacuum (c)

Rest mass of electron (my)

Charge of electron (e)

Specific charge of electron [_e_]
mg

lu=1lamu = 16605 x 1027 kg
Rest mass energy of electron (mecz)
Permittivity in free space (g)
Permeability of free space (i)

Gas constant (R)
Boltzmann constant (kg)

Planck constant (h)
(h)
Bohr magneton (up)

Nuclear magneton (uy)
Fine structure constant ()
Mass of proton (mp)

Mass of neutron (m,))
Mass of deuteron (my)

Mass of a-particle (m,)
12
Mass of ,C
16
Mass of 8O
.87
Mass of 38br
.4
Mass of  He
Orbital gyromagnetic ratio (g;)
Spin gyromagnetic ratio (g)

Avogadro Number
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3 x 108 ms_1
911 x 10721 kg

1602 x 10719 C

176 x 1011 C kg™!

931-5 MeV
0-5110 MeV

88542 x 10712 C2 NI m2

4nx 107" N A2

8-314 J mol 1 K1

1381 x 102 JK!

6626 x 1034 J s

10546 x 10734 J s

9-274 x 10724 J T71

5051 x 1027 J T !

1/137-03599

1-0072766 u = 1-6726 x 1072 kg
1-0086652 u = 16749 x 10727 kg
2:013553 u

4-001506 u

12-000000 u
15-994915 u
86-99999 u

4-:002603 u
0 (neutron), 1 (proton)

— 38260 (neutron), 55856 (proton)

a

6:023 x 109 mol ™!
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A particle limited to the x-axis has the wave function o(x) = bx* between

X =0 and x = 2; the wave function ¢(x) = 0 elsewhere.

() Find the probability that the particle can be found between

x=10andx =15, o

(i) Find the expectation value < x > of the particle position. 10
b feams % %o Sfa g3 g o 1 (L?), SIviia Sam GFmeh L% fredt

H weF B fepufads 2

wq%aw%WLZ,Lx,Lyaﬂthﬁwﬁﬁﬁwmm% l

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 LZ Ly, Lyand L, simultaneously ? Give reasons

for your answer. 6+4=10

Mﬁﬁﬁ%%@m%ﬁqa%mmﬁﬁ%ﬁmﬁéﬁm%?
How is Rydberg constant related to emission wavelength of hydrogen
spectrum ? 10
W%ﬁq%g@mﬁmﬁnmmﬁwﬁ%ﬁam%m

5 faa S 3

Explain how the hydrogen spectrum is used for imaging the universe. 10
%nmrﬁ '5.ﬂimaaﬁ1ﬁfr{ﬁm¢|aeam:{ m 2 3 W fawg ay

2, 2 l 2 .Z ) A ) .

Vix) = <" ”: S faui 2 s e gy Hth AU BeH w00 = exp(= bx?)

2| 47 L v, feyiig, 2 |

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

20 Lg% , _ ,
V(x) = o for which the time tndependent  waye function is
y(x) = exp(— bx“). Here by is a constant L 10
4 o o)
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G L% 1L,0=0 GY CLe
Gi)  |Ly, Ly = AL, \ M Y,’
Gi)) (L, L_l=2AL, o
. 2 12 & o s
(iv) L,Ly=L*-12 4L,
&l h = (hm o ?) o
B Ty
Prove that: Ql:t Y g i i
- g e H ) 1 \k
@ L4L,)=0 AW L
i) Ly, L, =hL, OML }\ O a2
(i) [L,, L_] = 2L, A

I

E) r.1,-17-1 L,

where h = :‘; (h is Planck’s constant)
n
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5+5+5+5=20
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(i)  3Iehan WRIHAT I T A 18 ? @;\m“‘) \
- f L L\‘_ \
The ground state wave function of a harmonic oscillator is & U L)
i o () = Elme _mmx2 £l _y Rl
0 hr " Ton | S

(i) At which point is the probability density maximum ?
(ii)  What is the value of the maximum probability density ? 1
(¢) (i) J8 AFa g f T H =g gra g foe o foomm =6t 10715 1

TS % UH-IATH, 3 g6 QaR [aWd gl ANHEG §9 & g T
2, 3eiagid hl JAaH TR a1 I e HIFT |

(i) 3w e 0 Hifra =g B JEar eSSt w1 e I |
e AU @ wh goldgi dl 1E & g difivg fbm @ wsvan
2|

(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 10 15 m, estimate the minimum kinetic

tes EEE—

energy of the electron. el vlo )

(i)  Estimate the minimum kuwtu energy of neutron bound within

PHKM-B-PHY

the nucleus as desulbed above. Can an electron be confined 1o a

e :
nucleus 7 Explain. 15
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Q3. (a) mw%mﬁﬁaaﬁimfﬁw%wm ij@f@
L W%ﬂwméﬁ’(%v o THo s
39 spectrum as per classical and
7 How do Stokes lines appear in Raman Spet=- —_—
,\—%/ +quantum theory of Raman effect ? U”’“A‘/b- 20
(b) ‘s@mxﬁa@eﬁgﬁuuﬁmﬁﬁmqﬁiW%?
R 35 g ==t il |

o T1:
What is Lamb shift in the fine structure of hydrogen spectrum : Discuss

: : 8+7=
its theory based upon §econd quantization. 15
N—

(0) T STIFHN I F AU FIT | 39 NMRE 30 =l IR I
S ik s s =t i |

cit
Describe Electron Paramagnetic Resonance. Highlight its differences
with NMR and discuss its applications. 5+10=15

W(i) mﬁ%gﬁ%ﬁﬂ;ﬁﬁ@ﬂwmwﬁg,wwm@@
oh T % FH S W A o B | A i 7 aiferm § o
TR g ITd ] } 3R 3T T 0-97 gm/em? # |

Wﬁ%mﬁwaﬁ@mﬁﬂwﬁmm%ﬁq
w\ﬂ“ we-forfla SieE § Hifid soided B E,
\

13
C/w\ (\,\ I1. %ﬁam el qreth %’L \gfn)
o 2 A e T A Ao
(i)

), Using free electron theory of metals, calculate the Fermi energy
O .
: level of sodium atom at absolute zero. Assume that s

edium has
one free electron per atom and its density is 0-97 gm/ems3,

P (i)  Draw the cnwl am and mathematical expressions for
the following :

(?‘ K, of an electron conﬁned in a one-dimensional b O
¢ — — — ——~Cmensional bex
n
II. \\Linear harmonic oscillator V)
—_—
Make a quahtatlve comparison of the aboye two cases. 10+10=20

¢ < Q’* 3w
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Show that for a diatomic molecule with two nuclei of mass ‘M’ separated

by a distance

a’, the rotational energy of nuclear motion is lower than
D =

i m
electronic energy by a factor of K/IQ % il 15

L-S T 3R J-J T & o9 3t o7 hifew |

. : o : | g
I=1% T, g = 2 e = et % o % s st
Differentiate between L-S coupling and J-J coupling.

g 1
What are the possible orientations of J for the J = g and J = 3 states
wesThe onen ation:

that correspond tol=17? 5+10=15
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SECTION B
Q5. BISEON ((HY) % Tifirhre o <) g geh STt B & i | (A
T % vy 6 fen e wow a0 % A Bew % W ) | 3w
T A 1 T Forsd et w1 2 2

Compare nuclear density of hydrogen (H1) with its atomic density.
—e— —

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

\/Hﬁ%ﬂnw‘m—s’ﬁﬁﬁm(mmm@%aﬁamum%l X-fertol S

fhea i 908 W 10° % geeud! v W e ¥, @ T w9 F 3w
TH B 7 | X-Formr o fafmm & wed &t o iR |

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

fog Ffe % S $ s () staeen & o =ifeeein 6 s
T 2-15 x 10-13 3ft & SR Bt # |

For the ground state of deuteron, prove that the radius of nucleon is of

the order of ~ 2:15 x 10~13 ¢m. 10

U FHT HI R R % A (qrehd) A w1 AR R 2 3 IRiE
5 & amed 3 emum w fafir st w5 el St |

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

ATRITE Jradm e fhE g ae W R 0w s

T % {0, 14 K 3 13 K Wt kil JraehRt 8 I 145 x 105 A/m 3R
42 210° A/m & | sAferarerd A0 qoEE 3R 0 K W Shifee 85 € o
it |

How does supercritical magnetic field depend on temperature ? For a

superconducting specimen, the critical magnetic fields
s SHABBOLIC

are respectively
1-45 x 10 .

A/m and 42 x 10° A/m for 14K and 13 3 K. Determine the
superconductmg transition temper temperature and the critical field at0 K. 10
e
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Does the nucleus possess magnetic moment ? Justify your answer.

Define nuclear magneton (uy) and Bohr magneton (uB) Calculate their
S—"" E—————

values. 7+8=15 ‘
\Q/(i) e-afas gome g2 AR | sudw g7 w1 Imm e & y
W TSI T (A) W foe ge8 foor ifirs & ) s (Z) i o

HITT | (o ot % A Ferd St % I ag = 0-711 MeV 3R
Iemiafa ot & T ay = 23-702 MeV &1 3990 Hifsm)

(i) F=fefaa miteha stfufmn % Qum i o HifT

4Be” + oHe? = 4C12 4 jnl

SIS T G590 = 4-003874 amu 3R C 1 SIS T Z3HH
= 12:003815 amu. I HT FFAE = 1:008986 amu 7 |

(1) Write semi-empirical mass formula. Calculate the atomic number

@% ﬁ-q-“-l-m%:Bem‘?‘:F'Tf%'g‘T’\":"t[[3351":“:[=9-01506Oamu,He$f
,a\,
19

s

(Z) of most stable nucleus for given mass number (A) using
Xig the above formula. (Use the value of fitted coefficients for
Coulomb energy ag = 0-711 MeV and that for asymmetry energy

a4 = 23702 MeV).
(i)  Calculate the Q-value of the following nuclear reaction :
4B€9 + 2H84 = 6012 + Onl
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
“/qgm%%q%&ammﬁanw%?mmﬁaﬁﬁmwnmﬁﬁ
Hifse fop Fan Frafefga ffed ava € = T4 .
@. rr+n? S K+ K e
- D
77 (i) v +Pp *nlye ‘\\A}Y*e”
Ly 3 '
c Cj) {h What are the various conservation laws for elementary particles ? Apply
these conservation laws to confirm whether the following reactions are
possible or not : 15
(1) "+’ 5 KO+ K ;\/
. o + 0, | "l')\ e B
(i) v, +p —n +e ‘%
W ¥ (VI
> neh N
Ng ~ ’ Q -
PHKM-B-PHY N AN 9 s N
by A A" R
77:(‘1\!”h‘1) B




et N \

Q7 (@ () WW%w%?Wmﬁm“”“m“ﬁ
™ fodmm Hift |
@) Tives wreew f owew am g W ooma (REm) s
g wafr 6w Hifre | A A R Tl wEge %
IS Imaw fomwr 61 Tifes & wer @ gft 2 = 3af R, W 5
TESIa 1 o R Fy % B R |
. A .
(1) What is the origin of paramagnetism ? Discuss the temperature
-~ 9
dependence of paramagnetic susceptibility. {x
(i1)  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 r? = Sag, ag being the radius of the first Bohr orbit of
Hydrogen. 8+7=15
M) ()  3oFEH  TIET g T T SHEHwn § 2
(i) TEEHA % FR W ST TR Ek) = — 1 x 10726 k2 ergs a1
? | T SoagH 3iteed k = 1 x 107 ky e & Freprer form wman 2
&I & T g % fog @ ofmr i it |
(1)  What is the concept of effective mass of the electron ? —
(i) 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
() TH RCHfmT Zifeet Wl #1 vea-amgf amaiss (@fer) A, = 1003 |
A A S £ I (FE-H%) AGRAT £ = 20 Hz 3 £, = 50 kELz 3 | 39
A 1 5 it fm o i (@) w2 w80 8 W @ |
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. 15
Q8. (a) T fon &1 Tfwd sAe sy @ 2o AIHEET (Mossbauer)
7< wag et i wrifaly sl gas ST @ At fifw |
What is nuclear resonance absorption of gamma rays ? Describe the
working and applications of Mossbauer spectrometer. 15
10
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b () fEfea fem, vem B A e gen i 22 fefiee saaeifan
2 % AH IFANT b HE B #1 R 2
Gi)  AND W, OR W2 vd NOT e & ad s, qeftr aeftgmm o germm
groft A | quigu f NAND 3t NOR T2 1w (gfaeder) e
% w9 ° W[ H Thd b |
(1) How is digital system different from analog system ? What
P are the principal reasons for the widespread use of digital
electronics ? 4+4=8
(/ii) Give logic diagram, Boolean equation and truth tables of AND,
t?”  OR and NOT gates. Show that NAND and NOR gates can be

utilized as a Universal Gate. 12

()  FET 3R MOSFET I wREiwuTelt 1 qer1, ITehl §L=A1, [ -V @5k 31 3Aam
AT &% YR | AT |

Compare the working of FET and MOSFET with their structure, [ -V

curve and transfer characteristics. 15
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