No. of Printed Pages : 12 BPHET-141

BACHELOR OF SCIENCE (BSCG)
Term-End Examination
June, 2022

BPHET-141 : ELEMENTS OF 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 calculator or log tables.
The values of physical constants are given at the

end.

1. Answer any five parts : 5x2=10

(a) An inertial observer moves towards a star at
a constant speed V,. Another inertial
observer moves away from the star at the
same speed. Which of the following
quantities would the observers measure to
be the same and which would be different :
(i) speed of starlight, and (ii) wavelength of
starlight ? Explain.
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(b)

(c)

(d)

(e)

®

(g)

(h)

An inertial frame S’ is moving at a constant
speed of 0-8 ¢ with respect to an inertial
frame S. The time interval measured
between two events at the same position in
S" is 3:0s. What is the time interval

measured by a clock in S ?

A quantum oscillator in the wall of a black
body cavity has a frequency of 5-0 x 1014 Hz.
Calculate the energy of the first two

quantum states.

Calculate the minimum uncertainty in the
position of a proton if its measured velocity

has an uncertainty of 0-2 x 10-3 ms1.

Define the Parity Operator. What are its

eigen values ?

A particle in a one-dimensional box has an
energy of 18 eV in its first excited state.

Calculate its ground state energy.

What do you understand by prompt and

delayed neutrons ?

With the help of a typical energy level
diagram, show the y-decay of 27Mg to 27 Al
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2. Answer any two parts :

(a)

(b)

(c)

3. Answer any two parts :

(a)

The inertial frame of reference S is
moving with velocity Voli\ with respect to
another inertial frame S. Write down the
Lorentz transformation equations relating

’

&, y, z, t) to x, y, z, t). From these,
derive the inverse Lorentz transformation

equations.

A star emits a blue line of wavelength
450 nm. Suppose the same line has a
wavelength of 650 nm on the Earth. What is
the “receding” speed of the star ?

Show that the relativistic force required to

ﬁ
give an acceleration f to a particle in the

direction of its motion is :
- -
F =r3m, f

where m, is the rest mass of the particle.

Write the time-dependent Schriodinger
equation. Deduce the time-independent

Schrodinger equation from it.

2x5=10

5

2x5=10

1+4
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(b) The wave function of a particle is given by :

y(x) = Nxe*¥a% oo < x < oo
Calculate the normalization constant N. 5
A A . A
(¢) Showthat [L ,L_]1=i4 L_. 5
zZ X y
4. Answer any one part : Ix10=10

(a) A free particle is confined in a length
segment lying between x = 0 and x = a. Solve
the time-independent Schrodinger equation
and obtain the eigen functions and eigen
energies of the particle. Determine the
normalization constant for the eigen

function. 7+3

(b) Write down the potential function for a
one-dimensional potential barrier of width a.
Write down the time-independent
Schrodinger equation for a particle of mass
m for this potential and obtain the general
solution, when the energy of the particle is
less than the barrier height. State the
boundary conditions on the wave

function. 2+5+3
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5. Answer any two parts : 2x5=10

(a) The half-life of Zn-71 is 2:4 minutes.
If 100 g of Zn was present at the beginning
of decay, then how much Zn would be left

after 9-6 minutes ? 5

(b) What is meant by secular equilibrium ?
Uranium mineral, in which secular
equilibrium is obtained, contains one atom of
radium for every 25 x 106 atoms of uranium.
If the half-life of radium is 1620 years, then

calculate the half-life of uranium. 5

(¢c) Draw a schematic diagram of a nuclear
reactor showing its general features. What is
the function of a moderator and a reflector in

a nuclear reactor ? 3+2
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Physical Constants :
h = 6626 x 1034 Js
m, =91x10 3 kg
m,, = 16725 x 10" kg
m, = 1-6747 x 10727 kg
1eV=16x10"1J
¢=3x10% ms1

h=1-054x 10734 Js
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1. forel gier ami & I S 5%2=10

(%) Teh SIS J&Teh Teh dR hi AN 3R 91 V,
¥ Tl @ 3R g0 Tecdtd & I &l A1
¥ AR ¥ @ I 7 | ¥ Yage efafad § |
fra Uiy &1 e & um uNm R feRden
STAT-STAT AU : (i) TR o T <l =7eA, 3R
(ii) TR h TR Shi TR ? THSTEY |
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(@) THh Aecdl aF S, TScd dF S & e 3N
IA 0-8 ¢ W MAUH 7 | 9 S’ H, T 7 feufa
W T el g1 HeAIA o SI° bl THATaUd
30 s T ST 8 | o S T W 9t gy A
T FHIATATA AT BN 2

(71) SR Tfesht At R H TH F1eH Qe h
R 5:0 x 1014 Hz § | S9! Ugel! &l Faed
JreETAl < Fotl qiehferd i |

(F) s Wew H feafa o =gaw st
aftehlictd shife, afg foan mn & fF 38 @
T AT H 0-2 x 103 ms~1 I Aferaar B |

(¥) I w1 uftaryr e | 3T sTEe
T 1 Bd 8 2

(F) THOW S(ad § TH HU HI YA IAA T
H S 18 eV 7 | IThH! YA TEAT H Al
qehietd T |

(®) drcepiiers 3R fodfod =it & 19 = Fwerd
g9

(S) el Sot TR o i wwEa @ 2 Mg w
2TAL T y-e19 fewmsu |
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2. Tl @ W & I &Y 2x5=10

(%) TH Jecdld Hom a1 S, G e aF S h
grer am Voli\ g faHE B | &, y,z,t) 3R
(x, y, z, t) & AR-ed T e fafen |
S0 YhH TRCH ®UAW HHRUT  SIcad
HITY | 5

(@) TH a0 qUICEd 450 nm dTedl Hiefl @ 3cafsia
A1 8 | W Wi o 3@ e <l geel o A
T e I WM 650 nm & | G I W@
(=TTt ) AR S =T R 2 5

() g HfSe o6 s o1 o sueh nfa i fesn
@ f Yo ®H & fou stevaes smufaeha

5o ffaiaa B -
- -
F =r3m, f
& m,, U T fom geE R 5
3. el g Wi & I & 2x5=10
(%) et fem wfeo fafer | s
HIA-TTTT AT TR0 SFeaa T | 1+4
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(@) el &1 &1 a1 %em ffaiad ?

W(X) = NXQ_Xz/az, — <X < oo

TR Fdrer N Uiehiad shifsTe | 5
(m) frgdfmfs (L, L 1=irl . 5
4. HIS TF YT 1 K T : 1x10=10

(EB)WH?FW,X:OC’FﬁTX:a%QCH?:ﬁﬁ%
TEE % IeUd § UiEg B | 39 S & U
HIA-LIAT SR Tk & g e 3R
3Gk AP B 3T A Smoltadl & TH
Ted HIfST | 3 Bl o AT JETHTITRTT
e ot P it | 743

(@) =S a a1l Th Thiew favwa Tfeent & fog
fava won fafae | 39 fawa o g=@H m
TH H %k AU HE-FEad e arfiet
faflgu it 3w =s g@ W HIE, S

F 6 St fava Tftresr fHt S T FH A
T Hed W @H I giEw ufaey
fafige | 2+5+3
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5. Teal g7 9l % IW dINT

() Zn-71 1 rd-any 2-4 firte B | 3fe e gy

B4 % HHA Zn I AET 100 g &, @ I
Hifw T 9-6 fiFe & w1 Zn 1 9m feorat

il

(@) dreifas armewen &1 #3172 W

Fm @S 8 rehifores amemeeen Jrd
B el B, # Ted 25 x 106 FFRm weAope
T us e v foea § | afe Weam A
Nd-3y 1620 99 =, a1 [ AT g3y
I UM HIT |

= A EfUd i gu AR Ruser
1 Fafeyd i@ difay | Trfvehe foger o
fomE® (moderator) 3R TrEdeh 1 fhH faT
39T fopan Srar g 2
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yifae [adie
h = 6626 x 1034 Js
m, =91x10 3 kg
m,, = 16725 x 10" kg
m, = 1-6747 x 10727 kg
1eV=16x10"12J
¢ =3x10% ms1

h=1-054x 10734 Js
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