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BACHELOR OF SCIENCE (GENERAL)
(BSCG)
Term-End Examination

June, 2024

BPHET-141 : ELEMENTS OF MODERN PHYSICS

Time : 2 Hours Maximum Marks : 50

Note : (i) Attempt all questions. The marks for
each question are indicated against it.

(it) Symbols have their usual meanings.
(iti) You may use a calculator.

(iv) The values of physical constants are
given at the end.

1. Answer any five parts : 2x5=10

(a) Why do we not observe the effect of time

dilation in everyday phenomena ?

P.T.O.



(b)

(©

(d)

(e)
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What is the length of a scale as measured
by an observer moving at a speed 0.6 c
with respect to the frame in which the

scale 1s at rest and of length 1.0 m ?

A quantum oscillator in the wall of a black
body cavity has a frequency 104 Hz.
Calculate the spacing between the energy

levels.

The average decay Ilifetime of an
elementary particle is 5.0 ps. Calculate the
minimum uncertainty in the measurement

of its energy.

The energy of a particle in a one-
dimensional box in its first excited state is
20 eV. Calculate the energy of the ground

state and the second excited state.
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(f) State the parity of the following wave

functions :
X
w0 - nes{ 2
a

V,(X) = Bsin(n—xJ
a
(g) The half life of a radioactive element is

10 months. What is the time required for

% of a sample of the element to decay ?

(h) Define the multiplication factor for a
nuclear chain reaction. When is the chain

reaction said to be critical ?

2. Answer any two parts : 5%2=10

(a) Write down the inverse Lorentz
transformation equations and hence derive

the relativistic velocity addition formula.

2+3

P.T.O.



3.

(b)

(©
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Show that the relativistic force required to

give an acceleration @ to a particle in the

direction of its motion is given by : 5

Calculate the linear momentum, Kkinetic
energy and total energy of an electron

travelling with a speed of 0.6 ¢, given that
its rest energy is 0.511 MeV. 2+2+1

Answer any two parts : 5%2=10

(a)

(b)

(1) Calculate the de Broglie wavelength of
an alpha particle having a Kkinetic
energy of 5.0 keV. The mass of the
alpha particle 1s 6.64 x 1027 kg. 3

(i) Show that [§, p,] = if.

Write the probabilistic interpretation of
the wave function. The wave function of a
particle is given by :

y(Xx) = \/zsin(ax) forO< x<m
T

Calculate the probability of finding the

particle between x =0 and x = % 1+4



4.

(©
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What is a Hermitian operator ? Show that
a Hermitian operator has a real eigen

value. 1+4

Answer any two parts : 5x2=20

(a)

(b)

The wavefunction of a particle of mass m
confined inside an infinite square well
(-a £ x <£a) is given by :

w(x) = Asin (’2“—;) + Bcos(’;—xj

a

State the boundary conditions and

determine A and B. 1+1+3
A step potential is defined by :

0, forx <0

V(x) =
Vg >0, forx>0

Write down the time independent
Schrodinger equation for a quantum
particle in the two regions of this potential

and obtain the general solution for E <V,

in both regions. 2+3

P.T.O.



(©
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A barrier potential is defined as : 3+2

0 forx <0
V(X) =1V, for0 < x<a
0 forx > a

Write the time-independent Schrédinger
equation for a particle of mass m in the
three regions of the potential. State the

boundary conditions for the wave function.

5. Answer any two parts : 5%2=10

(a)

(b)

Consider the successive radioactive decay
of a parent element A to B, C,..... etc. The
disintegration constants are respectively

Aas Ags Ag.... ete. If initially only Nao nuclei

of the parent element A is present, show
that the expression for the number of
nuclei of the element B after a time tis: 5
Ng = M(e—w - ehat)
Ag = Aa
Plot a graph of binding energy per nucleon

as a function of mass number and write its

main features. 3+2
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(¢c) Describe the working principle of a fast

breeder reactor. What are its advantages ?

4+1

Physical constants :
h=6.62x10"%* Js
h=1.054x1073* Js
m, =9.1x10! kg
m, =1.6725x10 %" kg
m, =1.6747x107%" kg
c=3x10ms™

1eV =1.6x10"J

P.T.O.
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(9) Tk aF § formmaeen o feg 9 #) oo
1.0 m 81 3§ @ % U WA 0.6 ¢ W
T Yok 39 YA &1 oASTE 1 HE F
HIT ?

(®) HftorerT Tfesht wF AR F TH FoeH At
1 AEf 10 Hz B1 Sl sforeensti & &
1 A YRehfeld hIfST

() Tk g FU1 &1 AGd &F SHahe 5.0 ps

~

BIFERG]

2l SR TSN & WO W A

gftehferd shifsiu

(F) Th-faq 599 o fodt w01 & TR goH

UM o1 o TS 20 eV B ol STeel

den fgd 37AfSa sTe€en &1 el Ufehford
ity

P.T.O.



2.
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(V) Frefafed @@ wedl w1 IR sdET

vy1(x) = Acos (n_x)’
a

V() = Bsin(n—xJ
a

(o) fordt Aeaufoea o &1 eredf-e1mg 10 w&H
%lwmﬁwmﬁge@aﬁm
g o fwam w9g o ?

(3) TR e AR & fag [oE @Re
w1 v W JfEen sfufwa @@l

Sifdd Hd HEl S © 2

I T 9N HifST 5x9=10

(31) FhH A" T FHEw fafed am
3T AR S AN WAl oA
I 2+3
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(9) fag =wifSu fo fedt w01 kI IHHRT Tfa *I

foon 4 @0 7 USH & & fau smovae

ST a1 T el BNl © 5
E=y3m05)

(9) I 0.6 ¢ W TAHA Teh Sl &1 da

FHifST sefer for & foF Suel foum et

0.511 MeV &I 2+2+1

3. g WM HIGT ;

(31) (@) TIfdSt S=1 5.0 keV I Teh 3IHT HUI
#1 Wel quesd  ufiefea  sifs)

FCHT H H FATH 6.64 x 107 kg 2l

(i) fag & 6 [y, p,1=inl 2

P.T.O.
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() T T hI AifFehdicAss e fafed)

feped SUT T T T EfArEd ©
2 .
y(Xx) = /— sin(ax), 0 < x<m % feTg;
T

x=0 ﬁx:%@ﬁ‘dﬂ@qﬁﬁﬁ

&t Ifehdl IReRfad shifsa| 1+4
() &t Herer @ Bl © ? fag W T
et HehReh & SMEH A ot g gl

1+4

4. HE F AW B :

(31)TF 3Fd aMHR HI (-a<x<a) H

o

qfeg THHM m % Uk &Y h1 dU Hod

frfafad & 1+1+3

y(X) = Asin (Z—ZJ + Bcos(g—x)

a

it gfaey fafed sk A den B fauifa
Hif|
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(9) T GuE fawa w1 frerea aRefya feen

EIGI

V() = 0, x<03d® fag
- Vo > 0, x >0 fag

39 favya & A & H TH FFGeH w1 &

foTU Frel-Toa= Aife’ wefe fafed ek
E<V, & fau I &= ° =% g o
IfSTT| 2+3
(1) Th qUftrert fawa w1 fefea afenfya e

S

0 X < 0= fag
V(X) =1V, 0<x<awsfau

0 X > a® fag
M fava & @ & 4 5=2@H om & T
HU & fau wa-Tad Afe® T
fafedl @ wem & fau afedlm wfgsy

odeU| 3+2

P.T.O.



[14] BPHET-141

5. i3 & AN HifST ; 5%2=10

(31)°M wifee for fedt fag 9@ A &1 B, C, ...

T § AU fearufea &= e @)

N

STk foeed Tadieh HRl: Aa, Ag, Ac,....

TfE B A U H e fug 9l A &
NAOWFW@,@%W%WIE?
9% I B & A9l i W& H] Asih

frefafea € . 5

Ng = %(e—w ~ o)
B~ A

() wfd IfFasia sed Sl w1 FAIH G &

Ted ® ®7 § oTefEgd ®ife ik 39

e & Y@ &0 Sdsy)| 3+2

(W) gd Toed R &1 sar  fage

TUSEU| TEH R FRR © 7 4+1
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Wifeer fraaia :
h=6.62x10"%* Js
h=1.054x1073* Js
m, =9.1x107 kg
m, =1.6725x10"*" kg
m,, =1.6747x107%" kg
c=3x10ms™

1eV =1.6x10"12)
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