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BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination, 2019
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 non-programmable calculators or log tables.
The values of the physical constants are given at the

end.

1. Answer any five parts : _ [5x4=20]

- (a) Two galaxies are receding in opposite directions
at speeds of 0.4¢. What speed wouid an observer
in one of these galaxies observe for the other

galaxy ?

(b) Use de-Broglie's relation for the wavelength of a
particle of momentum p to derive Bohr's angular

momentum quantization condition.
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(c)

(d)

(e)

(f)

@

A particle of mass m s confined to a line of length
L. From arguments based on the uncertainty
principle, show that the energy of the particle can

never be zero.

State the selection rules for X-ray spectra. Draw
the energy level diagram for L and M shells and

show all the allowed transitions.

State Pauli's Exclusion Principle. Cbtain the
electronic configuration for atoms with atomic
number Z=19 and Z=38.

How much time is required for 5mg of 22Na to"

reduce to 1. mg ? (T,, for Na = 2.60 years)

(M Classify the following elementary particles
into leptons, baryons and
mesons :

r, 2, A

(i) Explain whether the following reaction is

aliowed or not :

T e +u

(2)



2. Answer any one part :.

(a)

(b)

Explain why we donot observe the effects of time
dilation in everyday phenomena. A galaxy is
receding from the earth at a speed of 1.5x107
ms1. If it emits light of characteristic wavelength
550 nm, what is the corresponding wavelength

measured by astronomers on earth 7. [1+4=4]

The rest mass of proton is 1.67x10% kg.
Determine the force required to give the proton
an acceleration of 10 ms? in the direction of

motion when v =0.8¢. [5]

-3 Answer any one part (a) or(b):

(a)
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(i) State the properties of a wave function.
Can the following wave function represent

a Physical System : [5]

w(x)=N(+ix)e™ forx>1
={ forx <1

(i)  Evaluate [xp_, P?] [5]

(3) [PTO.



Write the time-dependent Schréodinger
equation and deduce the time independent

Schrédinger equation from it. [5]

Define the parity operator. Show that the

parity operator is a Hermitian operator. [5]

4, "Answer any one part (a) or (b) :
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(a)

(i)

Calculate the mean potential energy for
the one dimensional simple harmonic
oscillator in its ground state defined by the

wave function :

a )’ a’x?
Wo(x)z[ﬁ] eXp(—TJ

mao
where a? = T and the potential energy

1
function js V' (x) = ™ w?x®. [5]

Write down the orbital and magnetic
quantum numbers for n=4. Hence,
deduce the number of degenerate eigen

functions for the hydrogen atom for n=4.

[5]
(4)



() ()

Showthatfora 'is electron in the hydrogen

1 .
atom, the average value of " is %0 ,

where the wave function is :

e_”"ﬂ, .
v= I aom (5}
(i) Determine the probability that a particle
in a2 box of width 'L' can be found between
L
x=0and X= o in its n*" state.

: (x)= 2 sin (__mtx] d writ
use V¥, L L and write
the intermediate steps.

5 Answer any one part : 5]

(a) Define mass defect and binding energy. Calcutate

the binding energy per nucleon for
% Mo (M =95.94u) . Take m,=1.008665u and
m,=1 .007825u. [2+3=5]

(b) . Describe in brief any five uses of radio isotopes

as tracers. Distinguish between fast and thermal

reactors. , [3+2=5]
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Physical constants
h=6.6 x 10%Js

m, = 9.1 x 10-%%kg
m, = 1.67 x 107kg

Tu=1.66 x 10%kg
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2. ) % 9 H S QT

(%) wwEmET B A A el ¥ € I g B
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(@) SRM @ RRE ZEAE 1.67x107 kg 81 T A
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HEIH T B IO BT F&qE v =0.8¢ 5]
3 @ W, (5) @ (@) HRT
(@) o e e R @ R
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y(x)=N(1+ix)e™ ,x>1 % fo

=0 ,x<l%ﬁﬂ

@ [xp,, P?] W AA A HT (5]
(@) ) o SRR e Rt GR s
P T SR FHH A B

5]
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(x) =(1J% exp| — azxz]
Yy \/-7; p 3

1
V(x)=§ma) x (5]

(i) n=4% R B IR ge Fien sigt
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(ii)

-r/ay

€

T 2
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T T x=0 3R x=%‘-‘%ah%rqmrm

gHal 21 g% fag

v,y [Tj O S

e % =xo foRem (5]

5 %HE T 9 I

(#) emw Ry o) S S @ oRam AR
% Mo (M =95.94u) & T oty <RI e
et # T HTU m =1.008665u AT
m,=1.007825u ST . [2+3=5]

(@) RS &9 T Pdersden & d= IwEm i
ga Rugex X ardie Rusex 7 &R Sa5w
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Hifvs Padis
h=6.6 x 103)g

m, =9.1 x 10%'kg

m, = 1.67 x 10%kg

1u=1.66 x 10?7kg
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