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BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination

June, 2021

PHYSICS
PHE-11 : MODERN PHYSICS

Time : 2 hours Maximum Marks : 50

Note : Attempt all questions. The marks for each question
are indicated against it. Symbols have their usual
meanings. You may use a calculator. The values of

physical constants are given at the end.

1. Attempt any five parts : 5x3=15

(a) The total energy of a particle is exactly twice

its rest energy. Calculate its speed.

(b) Calculate the de Broglie wavelength of an
electron having kinetic energy 100 MeV.

(c) Define parity operator and obtain its

eigenvalues.
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(d) Write the electronic configuration for atoms
having Z = 27 and Z = 35.

(e) Calculate the expectation value of the
momentum of a particle inside a
one-dimensional box of length L. The wave

function of the particle is

RIS
V=T L

(f) The half-life of a radioactive substance is

10 days. Calculate the time required for 70%

of the element to decay.

(g) Give the charge, baryon number and spin of
a photon and a proton.

2. Attempt any one part : Ix5=5

(a) Derive the relativistic energy-momentum

relation for a free particle.

(b) The mean life time of a particle is measured
as 4 x 1078 s in the laboratory, when its
speed is 0-6 c. Determine its proper mean life

time.

3. Attempt any two parts : 2x5=10

(a) The wave function of a particle is given by
2
q)zNXexp (—X?J,—OO<X<°°.
Determine the normalization constant N.
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(b) The position and momentum of a 1KeV
electron are simultaneously determined. If
the uncertainty in its position is 1 A, what
is the percentage of uncertainty in its

momentum ?

(c) Calculate the most probable value of r for the
ground state of the hydrogen atom given by

1 —r/a

‘V(r)=we 0
0

(ra

4. Attempt any fwo parts : 2x5=10

(a) Define a Hermitian operator and show that

it has real eigenvalues.

(b) What is the maximum frequency of the
X-rays produced in a tube operating at 10 kV
and 20 kV ?

(¢c) State Hund’s rules and using them find the

ground state of helium atom.
5. Attempt any fwo parts : 2x5=10

(a) Describe the shell model for atomic nuclei.

(b) Describe the working of the Wilson Cloud
Chamber.

(c) Draw the schematic diagram of a nuclear
reactor. State the function of control rods or a
moderator in a nuclear reactor.
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Physical Constants :
m,=91x103 kg
h =6-626 x 10734 Js
m,, = 1-67 x 102" kg
m, =1-67x 102" kg
Ry = 1-09677576 x 10’ m™~!

Ry = 109722267 x 107 m™
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2.

3.

("F) Z =27 3 Z = 35 Al WA o Forai-eh
fo=ma feflae |

(¥) @ag L o Uskh-fada afem o fed w1 7
T Bod fefafiaa #

wo- 3" 22
U7 % HaAT I TeIATI HH Tiehierd hiforg |

(=) s eanufaea ugrd it srd-emyg 107 3 1 5@
T & 70% YT 6T &F B H o T8I hl TUMET

HINT |
(B) T Bl 3 THh T2 & fore e, Sfeti
e 3R fom = 7 fafgu |

IS TF T HifT : Ix5=5
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HIg g1 9T hIfT 2x5=10

() T HUT T qOT o FEfARad 2

XZ
q):NXGXp —? ,—°°<X<°°.

TR s N [yt i |

PHE-11 6



4.

5.
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rtfyeraan =1 gfdwra = B 2

(TT) TEEISH THTY hl A FaEAT % AT r T ol
M JHYSIAT 9Tl A UNehild Shifog |
IGh A HIEAT HHEARGd a0 HeH Rl
T |

y(r) =

—r/a
3)172 €0
0

(mra

i3 g umT HifT 2x5=10

(%) B Tors i gt dfve ot firg fifve
o 39 SAEIHEE aTEdfaeh 2id @ |

(@) fawarat 10 kV 3R 20 kV W fsranfa X-fertor
AfTeR! | Icqd X-foRtor 1 stfeeham oTgh @
gt 2

(71) s % Fml 1 e {RT SR IR T F

gU A (He) W] I o Ifaen I
I |

Hig g am Hifse . 2x5=10

() AU FIfRT % RV HieA T qUH HIRAT |
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(M) T flFg # dedEg e SR |
T fuger § e g sreEr faves &
%1l FaTsy |

PHE-11 7 P.T.O.



gifaes (i :
m,=91x103 kg
h = 6626 x 10724 Js
m,, = 1-67 x 10" kg
m, = 1-67 x 1027 kg
Ry = 1-09677576 x 10’ m™*

Ry, = 1:09722267 x 10’ m™!
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