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' - CS (MAIN) EXAM, 2010
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SI. No. C-DTN-K-QZB

PHYSICS
Paper 11

Time Allowed : Three Hours| | Maxintum Marks : 300

INSTRUCTIONS

Each question is printed both in Hindi and in
English.
Answers must be written 'in the medium’
- specified in the Admission Certificate issued
to you, which must be stated clearly on the
cover of the answer-book in the space
provided for the purpose. No marks will be
given for the answers written in a medium

other than that specified in the Adnusszon
Certificate. :

Candidates should attempt Question Nos. 1
and 5§ which are compulsory, and any three
of the remaining questions selecting at least
one question from each Section. '

The number of marks carried by each
question is indicated at the end of the
‘question. ' _
Svmbols/notations carry nsual meaning.

Assume suitable data if considered necessary
and indicate the same clearly. Some constants -
are given al the end of questions.
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1. (a) Derive Bohr’s angular momentum quantiza-
tion condition in Bohr’s atomic model from
the concept of de Broglie waves. 10

(b) Obtain an expression for the probability current
for the plane wave y(x, r)="exp[i(kx—wr)].

_ Interpret your result. 10

(c) Show that the Pauli spin matrices satisfy the
following : 10
02 =02 =o? =1
6,0, =—0,0, =i0,

GO, =—0,0, =Ii0,
0,0, =—0,0, =i0,

(d) Calculate, giving necessary steps, the radio
frequency at which nuclear magnetic
resonance occurs in water kept in a uniform
magnetic field of 2-4 7. The magnetic moment
of proton is 2-793 uN. 10

"(e) State and explain Franck-Condon principle.’
Discuss its applications in molecular spectro-
scopy. ‘ 10
(f) The normalized wave function for the electron -
in hydrogen atom for the ground state is
33172 .
w(r)=(ma exp| —
( ( 0) _ [ ag J
where a, is the radius of the first Bohr orbit.
Show that the most probable position of the
.electron is ay. _ - 10
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C-DTN-K-QZB - 3 (Contd.)

www.jeywin.com Dream Dare Win

www.jeywin.com




Dream Dare Win

2. (a)

(b)

3.

www.jeywin.com

k]

A system is described by the Hamiltonian
operator, ’ -

: ' 2
show that the function Ax exp [—-ZJ is an

eigen function of H. Determine the eigen
values of H.. . 30

I1

SR

>
a e X

A stream of particles of mass M and energy
E is directed from left to a one dimensional
potential barrier as shown in the above figure.
Set up the time-independent Schrodinger equa-
tion and obtain an expression for transmission
probability from region I to II. How this
phenomenon helps in the understanding of
c-decay of nuclei ? ' 30

-What is Zeeman effect? How it can be

understood on quantum mechanical basis ?
Obtain an expression for Zeeman splitting of
atomic energy levels in a magnetic field B.

- Explain the magnetic splitting of sodium

D-lines. 30
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dx?
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TAT M N @t E F o Y uw g, SEr
for Fsuz fegmar T 8, g 8 o= uw faw faws
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. AT 9 FH GHAT AT Gl © ¢ 0T &% B
U A goel-Fet &0 F Sl Bores & o
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(b)

4. (a)

(b)
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What is spin-orbit interaction ?

Calculate the energy shift due to spin-orbit
interaction term in H-like system. Discuss the
significance of this shift in relation to the fine
structure of hydrogen spectral lines. 30

(i) Discuss occurrence of rotational energy
levels of a diatomic molecule and show
that the pure rotation spectrum of such a
molecule consists of a series of equally
spaced lines separated by a constant
wave number difference 2 B. Write down
the selection rules. - 15

(ii) Is it possible to obtain pure rotational
spectra of H,, HF, O, and NO mole-
cules ? 5

(iii)) In CO molecule J =0-> J =1 line occurs
at a frequency 1-153 x 1011 Hz. Calculate
the moment of inertia of CO molecule.

| 10

What is Raman effect ? How does it differ from
Rayleigh scattering ? Explain Raman effect on
the basis of quantum mechanical theory.

How is Raman effect experimentally studied ?
What are the advantages of using laser sources

in the study of Raman effect ? 30
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(®) I9FT-H9T F=afehar T qrar g ¢
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wrer get-faeaam @ afeem iR
¥, Wﬁwmé:ngﬁwaifﬂ?rﬁrql 30
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1-153 x 10! . Hz 9% 91 &It 8 1.CO 39y
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5. (a)

(b)

(c)

’ (d)

(e) |
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Section ‘B

Calculate the packing fraction and the binding

16

8 and 87Sr nuclei.

energy per nucleon for

' 10
Explain the reduced zone scheme of plotting the
energy bands in solids. On the  basis of
E vs k curve distinguish between conductors,
semiconductors and insulators. 10

State the quantum numbers Iz’ Y and S for the
1uds quarks and antiquarks. Which combination
of these leads to the formation of (i) proton and
(i1) neutron ? 10

What is Josephson tunneling ? Distinguish
between a.c. and d.c. Josephson effects. ' 10

A star converts all its hydrogen to helium,
achieving 100% helium. It then converts the
helium to carbon via the reaction

SHe+3He+3He— L2C+727MeV .

The mass of the star is 5-0 x 1032 kg and it
generates energy at the rate of 5 x 103% W. How
long will it take to convert all Hchum to carbon
at this rate ? ' | 10
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6. (a)

®)

(c)

7. (a)
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Identify the above op-amp circuit. Esnmatc the

net output voltage V,;,. | 10

What are magic numbers ? Discuss shell
structure of a nucleus. How is this model able
to explain various properties of nuclei ? Discuss
the limitations. of this model. 25

Predict from the single particle shell model the
shell configuration, ground state spm and parity
for the followmg nuclei :

Explain parity violation in ﬁ-decay Describe
how parity violation was experimentally
detected in the decay of ¢9Co. 25

What is nearly free electron approximation ? On
the basis of this approximation explain the
formation of energy bands in solids. 20
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(b) Distinguish between Einstein and Debye
models of specific heats of solids. Obtain an
expression for the specific heat of a solid on the
basis of Debye model. Discuss the results for
low and high temperature ranges. 20

(¢) Distinguish between classical and quantum
theory of paramagnetism. Explain the para-
magnetism of free electrons on the basis of
F. D. distribution. 20

8. (a) Draw a two stage RC coupled transistor
amplifier. '

Plot the frequency response and indicate the
lower and upper cut off frequencies and the
bandwidth. ‘ 30

(b) Give the basic structure of a n-channel deplctioﬁ _

‘ : type MOSFET. Draw the drain current—drain -
voltage characteristics both in depletion as well

as in enhancement modes. | 15 .

(c) Why NAND ‘and NOR gates are called
_universal gates ? '

Give the logic diagram, Boolean eciuation and
the truth table of a NAND.gate. Désign an OR
gate using only NAND gates. 15

C-DTN-K-QZB 12 (Contd.)

www.jeywin.com ‘Dream Dare Win




Dieam Dare Win . www.jeywin.com

‘-".-‘ i

(@) st & fafirse Toael & smreeT @k R
Heel & #@i9 fOagsw $ifso) o wea ¥
AT 9 {ohdlt 31 7 fAfvree ssour & forg =ioren
mﬂgﬁﬁqlﬁmaﬁtmwwﬁ%%q
qitorEy 9 3=t fifse | 20

(). srgsare Y FreafifSs sitc sien Rt &
st oy FIforg ) U, &Y. Fe ¥ R ux
ok ZAaEl & siggaaed Ft wasz Frfvrg ) 20

8. (a-r)fa'tra'?m |¥. gﬁﬁaaﬁmﬁﬂfawi‘mﬁﬂ
- FARY |

mﬁmmﬁﬁuﬁ?ﬁmaﬁrm

mm‘{%maﬂ"{agaﬁa*qﬁaﬁﬁql 30

(&) n-39 999 T+ "iawz' &7 e
HIFAT AATIY | HFeFT T Ty € @y ggfg Sy
| %mﬁﬁmﬁmwﬁmm

&FT @i (9413 | 15
(37) NAND 3 NOR @R &I 3@ wer arefies 3~
Her Srar g 7

NAND R & Tk G979 3IR@, FSATT gHISHTOT 31T
eI QLo 96 gd FifTT | F39 NAND g &
I & TF OR TR &1 e Sar s |

; ' 15

C-DTN-K-QZB 13 (Contd))

www.jeywin.com Dream Dare Win




Dream Dare Win www.jeywin.com

Constants which may be needed

Velocity of light in vacuum (c) = 3 x 108 ms™!

Mass of electron (m,) = 9-11 x 1073} kg
Charge of electron (e) = 1-602 x 10712 C

e
Specific charge of electron (mc) = 1-76 x 1011 C kg™!

1u=1amu =16605x 1027 kg = 931-5 MeV

LS

Rest mass energy of electron (mecz) = 0-5110 MeV

Permittivity in free space (€)= 8-8542 x 1012 C2 N~ m—
Permeability of free space (Mg) =41 x 1077 N A™2 .
Gas constant (R) = 8:314 J mol~! K!
Bolizmann constant (kg) = 1-381 x 10723 ) K~!
Planck constant (h) = 6626 x 10734 ] 5
(71)=1-0546 x 1073 ] ¢

Bohr magneton (jig) = 9-274 x 10724 ] T-!
Nuclear magneton (i) = 5-051 x 107273 T!
Fine structure constant (&) = 1/137-03599
Mass of proton (M) = 1-0072766 u = 16726 x 10727 kg
Mass of neutron (M_} = 1-0086652 u

‘ = 1-6749 x 1037 kg
Mass of deuteron (M) = 2-:013553 u
Mass of a-particle (M) = 4-001506 u

Mass of 12C = 12-000000 u
Mass of (°0 = 15994915 u

Mass of §]sr = 86:99999 u
Mass of 3 He = 4-002603 u

C-DTN-K-QZB 14
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ﬁ:ﬂﬁ'ﬁmaﬁaimmr'@aarr&?
ﬁ'ﬂf’c‘fﬁm‘i‘waﬂ(c) 3 x 108 ms™!
AL HT =W (m) = 9-11 x 1073} kg
SAFLIT T AN (e) = 1-602 x 1019 C

wwa:rﬁﬁmanaw(;

lu=1amu -16605x10"27kg 931-5 MeV

I &Y RRerae gerr st (rn c?) = 0:5110 MeV
ek AreRreT # feRpariterar (gy) = 8-8542 x 10712 C2 N~} m~2
ek AT T OIEETAT (Ug) =47 x 1077 N A2
e &G+ (R) = 8:314 J mol~! K-
AT fe (kg) = 1381 x 1023 ] K-!

e fE (h) = 6626 x 10734 ¢
- (7)=10546x 10734 J s

AT AT (up) = 9274 x 10724 J T

arfsrehya AT (ug,) = 5-051 x 10727 3 1!

T T UG (o) = 1/137-03599

ST T ZqH - M) = 1 0072766 u = 1-6726 x 10-27 kg
ZIT T TS (M) = 1-0086652 u

' ' = 1-6749 x 1027 kg

ST & F2TAA (M) = 2-013553 u

OL-TFUT T E=FHTT (M) = 4-001506 u

?C & T=ZHE = 12-000000 u

$6 O FT TEHTT = 15-994915 u

ggs{- FT FHTT = 86-99999 y ) ' -

4He 1 FEAT = 4-002603 u

) = 1-76 x 10! C kg!
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English version of the Instructions is printed on
the front cover of this question paper.
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