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BACHELOR OF SCIENCE (B.Sc.)

o) Term-End Examination
an
™~ June, 2011
O PHE-11 : MODERN PHYSICS
Time : 2 hours Maximum Marks : 50

Note :  Attempt all questions. The marks for eacl question are
indicated against it. Symbols have their usual meanings.
You may use log tables and calculators. The values of

the physical constaits have been given at the end.

1.  Attempt any five parts : 2x5=10
(@) Compute the de-Broglie wave length of an
electron of kinetic energy 100 MeV.

(b) Assuming the electrons are trapped inside
the nucleus of size 107 m. Calculate the
minimum energy that the electron would
have.

(¢)  The proper life time of a particle is 100 ns.
How long does it live in the laboratory if it
moves with v=0.98 ¢ ?

(d) Write down the Lorentz transformation
equations. Explain the symbols used.

(e) Ina rock sample one atom radium is found
for every 2.8 x 10® atoms of Uranium. If the
half life of radium is 1620 years, find the
half life of Uranium.
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(f)  Which of the following transitions are
allowed ? Explain.

1 2
D — “P
b2 Iz

2 2
D % — P %
(g) State two applications of radioisotopes.

2.  Attempt any two parts : 2x5=10

(a) A particle moving away from an observer
at a speed of 0.8 ¢ ejects another particle
along its direction of motion. This particle
moves with a velocity 0.6 ¢ relative to the
parent particle. What is its velocity with
respect to the observer ?

(b)  The density of a substance in the rest frame
S is p. What is its density as measured by
an observer in a frame moving with a
speed v with respect to S ?

(c) Light of frequency 85x 10 Hz is emitted
from a distant galaxy. Its frequency
measured on earth is 5.5x10!%Hz.
Calculate the speed of the galaxy with
respect to the earth.

3.  Attempt any two parts : 5x2=10
(a) A particle of mass m is confined in a
one-dimensional box of length L. Solve the
Schrodinger equation to obtain energy
eigenvalues and normalized wave
functions.
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(b)  Spin angular momentum operator is given

— . . -
o where the Pauli Matrices o

by =1
Y 2

are

C(01y (0 =iy (10
Tl o)’ % T i o0 )% Tlo -1

Prove that [S,, Sv] =ihS

(c) Prove Ehrenfest theorem

o
Z

d (D) 1
—+=—(|D, H|).
dt ih <[ ]>
4.  Attempt any two parts : 5x2=10

(@) Compute the expectation value of the

2
potential energy V(r)= - S oof Hydrogen
; .

atom in its ground state

1 e~ r/n(,

bigo (N =7
VT,

X+t ip,
(b) For the operator a= —\ELL , obtain the

commutator [ a, a¥].
(c) State Hund's rules. Find the ground state

of Li using Hund’s rules.

PHE-11 3 P.T.O.



5.  Attempt any two parts : 5x2=10

(a) Sun generates its energy by fusing 4 protons

to make a 4;,, nucleus with approximate

¢
release of 26 MeV of energy. The power
output from the Sun is 4 x 1020 W. Find the
life of Sun assuming that Sun contains

roughly 10°7 protons.

(b) Draw the binding energy curve showing
variation of binding energy per nucleon
with mass number. With the help of this
explain the phenomenon of nuclear fusion
and fission.

(c) Describe the principle and working of a
cyclotron with the help of a diagram. 94941

Physical Coustants :

m,=9.109x 1073 kg

lI=6.626x10" Js

-1 -27
1;1},—1.()72>< 10 kg

m, =1.674x107%7 kg
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1. @Ig qrer 9 =+t 2x5=10
(a) 100 MeV TSt 3 a6 U era2 1 S Set
TEIQEA i 70T HL |

(by WM T foF oA 107 o s % T #
S Wfed B 1 ZorRiE W A1AaH e # el ?
(c) T& & &l 3Aa [ATHA 100 ns &1 #=098 ¢
T H FEd U U FATTIIE H IHF ST

FT B ?

(d) @S wuraRe gt ferd | e wdteRl
el HHAT |
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() fr=fafed § 9w 9/9 9FF0 o99a €

2

1

AT |

(g) ediemserEin & 31 syan am |

2. HIFTTAMHL 5x2=10

(a) TF U&TF ¥ 0.8 ¢ I = | T @I G TH
o Tifa =1 fawn d ww i Fwu = ferfaa
FIA T | TH FN R HA FU F WA A 0.6 ¢
¥ e & W] 1 K1 AT R B 2

(b) TommERen # figd 93 S H U e & WA p
1 SF W o = ¥ faeE 95 § from Yern
B AT 747 SHRT BT 1 B 2

(c) U Y HaIfRAl ¥ I ¥l &t ogfa
8.5x10™ Hz 81 gt W 3\l smgfa

55x10M Hz o9 STt 81 geAt % @ge
TEIfshT T =T i UM A |
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3.  @iFeTumE - | 5x2=10
(a) TS F01 H GHHA 17 Fl AASTE L FTel Th THITH
T o Hifaa fean s 81 fe R wefreo &

01 0 —i 10
0’1‘:[1 0" li 0 )% o 1

fag wEf [S, 5, )=i hS

A

(c) TR 79T :
fi’g?l = :;; (ID,H]) fag =t |
4. FEFFumE 5x2=10
(a) TR AT T S
b <1>:—J—£—;; 1a, 3 fere feafren
V(r)z—i T YT HHT YT Y |

r
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(b) mzp%’i & fag wget

[a, a*] 9T HH
(c) IS % T7om aTd qerm STehRT YT S U Li Y
T TR 9T Y|

5. FIFSTUAME 5x2=10

(a) A H A AW T IO W 4y, THE T
&, T T 26 MeV Tl Scaifed St &1 g
g frfa oifsd 4x 1026 w 81 afe 9 5 =009
1057 9rei7 & 1 gd 1 g T hL |

(b) THEM & F W 6T Fet w1 faere e
BU 997 T 9 AN w1 3EA A
e ud faezT sifufran a9 )

(c) TF NG F! T § e & fFgma
e SR A FEfEty wavE i 2+2+1
m,=9.109x 10731 kg
1=6.626x1073% Js
mp=1.672><10’27 kg
m”=1.674><10_27 kg
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