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BACHELOR OF SCIENCE
(GENERAL)
(BSCG)
Term-End Examination
June, 2026

BPHET-141 : ELEMENTS OF MODERN
PHYSICS

Time : 2 Hours Maximum Marks : 50

Note : (i) Attempt all questions. The marks
of 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.
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1. Answer any five parts :

(a) What do you understand by relativity of

simultaneity ? 2

(b) Calculate the Lorentz factor for an
object travelling at a speed of 0.6 ¢
with respect to an inertial frame of

reference. 2

(¢c) The position of an electron in an
atom 1s measured to within an accuracy
of 0.4A. Calculate the uncertainty in its

velocity. 2

(d) Write the potential function and time
independent Schrodinger equations for
a free particle of energy E confined in a

length L. 2
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(e) State any two properties of an

acceptable wave function. 2

(f) Define and draw a one-dimensional
finite potential well of width 2L and

depth V. 2

(g) Write the equation that represent :

(i) alpha decay of an unstable nucleus

(i1) beta decay of a free neutron. 2

(h) Define multiplication factor. For what
value of the multiplication factor is a

nuclear reactor said to be critical ? 2

2. Answer any two parts :

(a) Describe one experimental evidence in

support of length contraction. 5
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(b) Light takes 7.2 years to travel from a
galaxy to the earth. How long would it
take an astronaut to reach the galaxy
according to her clock if she travelled
from the Earth to this galaxy at the

speed of 0.80 ¢ ? 5

(c) Calculate the rest mass energy of a
proton, its total energy and Kkinetic
energy if it travels at a speed of 0.99 c.

Answer 1n units of MeV. 5

3. Answer any two parts :

(a) Determine the normalization constant

N for the wave function :

v (@) =N@x-—a) e for0<x<a.

v (x) =0 elsewhere. 5

B-2823/BPHET-141



[5] BPHET-141

(b) What is a matter wave ? Determine the

(©

dispersion relation, phase velocity and
group velocity for matter waves,
starting from the expressions for linear
momentum and energy of matter

waves. 2+3

N
Define linear momentum operator p, .

Show that it 1s Hermitian. 1+4

4. Answer any one parts :

(a) Write down the time independent

Schrodinger equation for a particle of
mass m in a one-dimensional potential

barrier of height Vo and width a. Obtain
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the general solutions of the equation
when the energy of the particle E < V.
Write down the boundary conditions for

the problem. 10

(b) A particle of mass m is moving in a step

potential defined by :

0 for x<O
V(x) =
Vy>0 for x>0

Obtain the general solution of the time
independent Schrodinger equation for
this system when the energy of the
particle E > Vi, Write down the
boundary conditions for the system and
apply them to the general solution to

obtain the final solution. 10
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5. Answer any two parts :

(a) What i1s secular equilibrium ?
A sample of wuranium in which
secular equilibrium has been obtained
contains one atom of radium for
every 2.8 x 108 atoms of uranium.
If the half life of uranium is
4.5 X 109 years, calculate the half-life of

radium (in years). 2+3

(b) Explain why electrons cannot reside in

an atomic nucleus. 5

(¢) Calculate the number of fissions of 235U

required per second to produce 1 MW
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power given that 1 fission produces

200 MeV of energy. 5

Physical Constants :

me=9.1 X 10-31 kg

mp =1.67 X 1027 kg

h =1.05x 1034 Js

c=3X%X108 ms!
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TJig: (i) T FTH P SW QI FAE 9T P 3
3G% G [T TT &
(ii) Tl & 379 G 37¢f &
(iii) 379 HAFKAR HT ITANT FT GHd &
(iv) <iifaes Fedl & a7 3id 7 3¢ 18 &1
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forgl afer 9l & SR ST
() HHbICTehdl  ohl  SUfefhal ® 39 =0
THEA B ? 2
(W) Tk Socdlg o9 a5 & 91Uey 0.6 ¢ i =1 9§
Tfaae v & faw di=s Uik sl T
e | 2
() T wEY § goe[ w fefa 0.4A &
IfrEar €E § A S ¥ oSHe o #

SAMTY=aar sl ITOMET TSI | 2

(%) T L § 9i&g &S E a1l T o R0l &
faw fawa wed T ®H@ WAd SR

TR fafeT | 2
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(¥) @@ @1 ®wed & hik §r  TorEd

fafem 2

(F) =eE 2L IR TEE Vo o Tehfon qfifaa

favya =g &1 IR0 AT IR TR oo
i | 2

(®) () Tk TXURN AUF & 3TH &, 3R

(i) Y =AH & el & FEfud w3

Tl GHIeRLT fafam | 2

() U HReh hl GR¥En AT T[UH FRE
frg 7 & fou ity st wifaew B
g2 2

. o=t < vri & S ifse .

(%) <= g & U T 9Eifies g9 &7 9viE
T | 5
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(@) TF Heifeht § geal ok T H YT
7.2 98 TG § | AfE T sTaRemmst geat | 59
TeTfeRl Tk 0.80c T =1eT § AT 3 Tl STH]

3T TSt & STIER Y W HeIfh+ qh Ugom

T foraT 9ua e ? 5

(1) afc T W 0.99¢ T = § fq FHar § @
3! foRm gomm e, | el AR A
S h1 UM HIFTT | 379 I MeV i 318
LIRS 5

3. Tl 2 vmil & s s
() T HeH
V@) =N(@—aq)ei® 0<x<a® fau
v ) =0 =

& fau yam=ieor fadaee N sl oM
T | 5
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(W) geq a1 0 Bl § ? g a0 o e
AT R HS H el W IE  HH,

™ oA & fau uReuu wwery, gewen

AT AR WHE AT & ek A

I | 2+3
() Yo "o WhRE p, h g i
fag =ifs fw == 5 71 1+4

4. forelt wam W 1 SW ST

() SE Vo R HieE o ot wh-fom fav

Uferert § THAE m I Th 601 o fou e

=aa Afe"r e fafeu | 9 o &)

9l E < Vo &, 99 39 GHR0 & A9 g
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YT ShIfSC | 39 9o & fau qiRdmn gfdsr«

fafem | 10

(@) A m 1 w0 Teeq gikwfid gram fave

T faqH ©

Ve = 0 x<0 = fou
Y Vp>0 x>0 = fog

& HU R S E > Vo &, 9 39 e B

feTu o1t Tas Sife"R T & =AU g
I Sifed | 36 e & fae 9 giqery
fafe @R 3= =T 8 W AN Hh Sif<H

B YT hiTIT | 10
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(%) YFER ARl 1 Bl § 2 SR
qeEE g fer gu Rfem @t e ),
2.8 x 106 RRF9 wEUEi H§ TH AeaH
] frer €1 At FEm o srd-amg
45 x 109 98 g O eam &1 -3 HT
O SIS (TS H) | 9+3

(@) F9=sT foh qRamvety Tifves § soiaeld Fi el

T 9 | 5

(7)) 1 MW 3R 3= &id & foTq 3Temash 9fd
e 25U & fo@uedi &1 e URefod
Fife| weE T ¥ 5 w faeveT §

200 MeV i1 31 2t & | 5
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Wifeer Fradies :

me=9.1x10-31 kg

mp =1.67 X 1027 kg

h =1.05x1034Js

c=3 %108 ms!

X X X X X
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