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BACHELOR OF SCIENCE (B. SC.)

Term-End Examination

December, 2025

PHE-11 : MODERN PHYSICS

Time : 2 Hours Maximum Marks : 50

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

(i1) You may use a calculator.

(iit) The values of physical constants are

given at the end.

(iv) Symbols have their usual meanings.

1. Attempt any five parts : 5x3=15

(a) A spaceship is moving relative to an
observer with a speed v and the
observer measures its length to be 24
m. If the length of the spaceship when it

1s at rest is 40 m, calculate v.
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(b) Calculate the de Broglie’s wavelength of
a proton having energy 20 eV.

(c) Explain using the uncertainty principle
why atoms in a solid at 0 K possess zero
point energy.

(d) State Hund’s rules for determining the
lowest energy state for a multielectron

atom.

(e) Write down the electronic configuration

for Z = 32 and Z = 28.
(f) A charged particle at rest has a mean
lifetime of 2.7x10-8 s. What is the mean

lifetime measured by an observer at
rest when the particle 1s moving
relative to the observer with a speed of

0.8¢c?
(g2) How long does it take for 80% of a

sample of Sr to decay ? It is given that

the half life of Sr% is 28 days.

A-420/PHE-11



[3] PHE-11

(h) Explain, whether the following decays

are allowed or not :
i) p+tn=p+pt+p-
() n—> p+e + v,

(i) nm+pop+nt

2. Answer any one part : 1x5=5

()

Write down Lorentz transformation
equations. Show that two events
simultaneous in S which are separated

by Ax in space will be separated in S' in

both space and time, such that : 2+3

AX' = yAX; At' = — %yAx
(b) Derive the relativistic energy-
momentum relationship for a free
particle. 5
3. Answer any two parts : 2x5=10
(a) Write down the one-dimensional time-

dependent Schrodinger equation for a

particle of mass m moving in a potential
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V(x, t). For V = V(x), derive the time-
independent  Schroédinger equation.

What is a stationary state ? 1+3+1

(b) The wave function for a quantum
particle of mass m, confined between

0<x<Lis: 5

47X

y(x) =N sin(Tj

Calculate the normalization constant N.

(c) Show that : 5
[Lz, Lx] =ik Ly
4. Answer any two parts : 2X5=10

(a) A particle of mass m is moving in a one-
dimensional  rectangular  potential

barrier defined by :

0, X<-—-1L
V(X)=4Vy, —-L<x<lL
0, X>L
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Write down the time-independent
Schrodinger equation for
x<-L,—L<x<Landx>L
and state the boundary conditions.
Explain what 1s meant by quantum
tunneling. 2+2+1
(b) Calculate the mean potential energy
<V > for a simple harmonic oscillator in
its ground state defined by the wave

function : 5

1
a )2 _a®x?
\VO(X) = (\/Ej exp( 2 ],

where a° = % and V(x) = %mwzxz.

(c) Write down the electronic configuration
of S1 (Z = 14) and determine the spectral
terms.

5. Answer any two parts : 2x5=10

(a) Define multiplication factor for a
nuclear chain reaction. Explain when a
nuclear reactor will be critical,

subcritical or supercritical. 2+3
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(b) Describe the liquid drop model of
fission. 5
(c) Explain the working of a bubble

chamber. 5

Physical constants :
h =6.626 X 10-3¢ Js

h =1.054 x 1034 Js
me = 9.1 X 10-31 kg
mp = 1.67 x 1027 kg

c=3X%X108 ms!

1eV=1.6x101dJ
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PHE-11
T Taes (S.ua,-4r)
A et
fouwsr, 2025
WUHE.-11 : MEfIeh Hifceht

gag ;2 qU2 HféFaH 37%F : 50

Jie: (i) TY I T FITI TAF G99 F HF TP
G T T E |
(ii) 37T FHeHAR FHT AT F GHA & |
(iii) o fadie! & a7 3id 4 fT 1w &1
(iv) Fateh! & 3797 qrar= 379 &1

1. hIE UTE 9T HIT : 5x3=15

(%) TH AR« I forddt J&iek o qUg =1 v 9

A T SR Y SfaRke I &1 T H

24 m AYaT g | A formrereen # siafier I =t
IS 40 m B, @ v k1 J1H TRehfad sifs |
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(@) 20 eV TSl 9Tl Weh Wil o1 &f AfTelt qies

qRehfeld ahifSI |
(1) Iffv=dar & faga 1 T hid U HHAET
fh 0 K R et 29 & qaamgst # 3= fag)

7 [ I T

(%) fordl sgseisRe IXATY 1 <[AdH FHel &R TS
FH & foru gue & Faml o1 wem ifea
(¥) Z =32 3R Z = 28 % fou so=ife fa=ma
fefe |

(=) fomreen § feod & smARM@ w0 &1 Ed
Sfrerehtet 2.7 x 10°° s &1 ferramereen # feord
Teh G&eh 394 WHel 0.8 ¢ Wi el 9 TiqHH
T At ®U w1 SiEd Siadera @A
O ?

(®) Sr° & TH T H 80% 9N K & B A
fera wma @i 2 =7 foan w0 ® fom or
ard-ag 28 fEA ¥
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faSil o

(3) gugmey fh fr=fafed e stua € steen
T

Q) p+n=p+pt+pu
() no p+e + v,
(i) n~+pop+nt
2. IS T I I ; 1x5=5
(%) RS TR R fafen | fag wifse
ff 1 S § THehIferR QI HeAC S SRR |
T AX R ¥ W@ €, S H faoh 3R et St &
H, oferm-stam fageli W = R T
gy f=fated g : 243

AX" = yAX; At' =—EyAX
c

(@) g& 0 & fAu AAfeentd el -Horl Ty
T RIS | 5

3. IR FT 9 R : 2x5=10
(@) fava V(x, t) & A TfHE ge91E m arad
H & TAT HTATH TohfaHg NS THRT
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fafaw| vV = V(x) & fau swa-@ad Aifer

qHIRT g HITTI T ofaeer &

BT ? 1+3+1
(@) 0<x<LH UReg, g=989F m & TH F9eH
U] T T e Frefafed ¥ 5
y(x) =N sin(4—:x]

eI fEarR N aftefad i |

(1) T9g HIfST o : 5
[Lz, Lx] =ih Ly

4. HE QT I HI9T : 2x5=10

() SHHM M 1 Teh U1 Teh TehidHIE IR
fawa Ufeenr @ wfaam ®, S Feefatea s/

R ©
0, X<—-1L
V(X)=4Vy, —-L<x<lL
0, X>L
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X<—-L —L<x<L3Rx>L % fau wa-
Was fifem TR fafew iR ufm

JiieY Fasy | 9HEsT fh Faed YU &l F#=

A4 T 242+1

(@) g T § feyd usw e ofadl dleieh o
fau ofma feafast oot < v > uftwfed
FCI qa o & faw @& wew
frefafea ¢ - 5

1
a )2 —a®x?
\IIO(X)=($J EXF{ > J

e a® = % SR V(X) = Tmed? ¥

2
(1) Si(Z = 14) =1 oI fa=ma fafew sik
el U8 YT HIfT | 1+4

5. hIE QT YN ST : 2x5=10

() TR e sfafern & foe oM ®ReE &t
qRuren ST SHeET fh T R
ftuaer e wifaw, Sushifas R stfawifas
BT | 2+3
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o~

(@) fagiea & 3 9 Aied &1 auiF Hifs@l 5
(7T) 998 &3 (Bubble chamber) &1 SEWome

! HHATET | 5
wfiferen Freiames :

h =6.626 X 1034 Js

h =1.054 x 1034 Js

me =9.1 X 1031 kg

mp =1.67 x 1027 kg

c=3 %108 ms!

1eV=1.6x101dJ

X X X X X
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