No. of Printed Pages : 12 PHE-11

BACHELOR OF SCIENCE (B. Sc.)
Term-End Examination
June, 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.

(it) You may use a calculator.

(iti) The values of physical constants are

given at the end.

(iv) Symbols have their usual meanings.

1. Answer any five parts : 3x5=15

(a) We observe two galaxies receding in
opposite directions at speeds 0.5 c.

What speed would an observer in one of

A-210/PHE-11 P.T.O.



[2] PHE-11

these galaxies measure for the other

galaxy ?

(b) A rod of proper length 1.0 m measures
60 cm in an inertial frame that 1is
moving with respect to the rod. What is

the speed of the moving frame ?

(c) What 1s the potential through which a
proton must be accelerated so that its

de Broglie wavelength is 2.0 A ?

(d) The uncertainty in the energy of a short
lived particle is measured to be
0.5 MeV. What is the smallest life time
of the particle ?

(e) Write down the spectral terms for the

carbon atom (Z = 6).

(f) State the selection rules for X-ray
spectra. Is the transition Li to K

allowed ?

(g) The mean life of radon is 5.5 days. After
how much time will 70% of the sample

have decayed ?
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(h) Explain any three uses of radioisotopes

as tracers.
2. Answer any one part : 5x1=5

(a) Derive the relation between the
relativistic energy and momentum of a

free particle.

(b) A star emits light with a wavelength
4500 A. Suppose in the light from a
different galaxy, the same line has a
wavelength of 6000 A on earth.
Calculate the ‘receding’ speed of the
galaxy.

3. Answer any fwo parts : 5%2=10

(a) State the properties of an acceptable
wave function. Is the following wave

function acceptable ?

y(x) = A —0< X <0
x%—a?’

Justify your answer. 3+2
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(b) In a region of space a particle of mass m

and zero energy has a wave function :

v(x)=Nx e_xz/4
Using the time independent
Schrodinger equation, determine the
potential energy V(x) for the particle. 5
(¢) Show that : 5

[L,,L,]=iAL,.

4. Answer any two parts : 5x2=10
(a) Consider a particle of mass m confined
to a line segment between x =0 and
x=L. Obtain the eigen functions for
this system.
(b) Calculate the expectation value of r for
the ground state of the hydrogen atom
which has the following wave function :

-rla
e O

)=

N
(¢c) Calculate the mean potential energy for
a one-dimensional simple harmonic

oscillator in its ground state, given that
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the potential energy function 1is

2

V(x):%mm%c and the ground state

wave function is :

1
(x):(ijzex _a2x2
v N Pl —5

where a2 = 2.
h
5. Answer any two parts : 5x2=10

(a)

(b)

(©

Draw the graph of the variation of the
binding energy per nucleon with mass

number and describe its main features.
3+2

Draw a schematic diagram of a nuclear
reactor showing its general features.
Explain why control rods and reflector

are used in a nuclear reactor. 3+2

(1) Explain the working of the Wilson

cloud chamber. 3
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(11) Is the following decay reaction
allowed ? 2
n—p+e
Explain.
Physical constants :
h=6.62 %1034 Js
h =1.054 X 10-3¢ Js
1eV=16x10194J
me=9.1 X 1031 kg
mp = 1.67 X 1027 kg

c=3X%X108 ms!
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PHE-11
famm TR (si-uw, 9r)
R EIGRCRIE |}
S, 2025

WUeE.-11 : MefFeR Hifeeht

gHg ;2 qU2 SIféFaH 37%F : 50

qE: (i) G T A HIT | TAF ToH & 3% 3GF
A kT T B
(ii) 379 HoFHR HT I FT GHd & |
(iii) ifae el & @7 37 7 kT 1T &1
(iv) Faiw! & 3797 T 37¢f &1

1. o=l ufar 9r & SW ST : 3x5=15
(%) TH Sl HIfh{Tal ol Teh-gaR ot foadia feemsdi

H 9 0.5 ¢ §) 9 gY Uferd & §1 A
TR | O fordt wen Haifert § Sar Yerh

I TRl T =Tt hT 3/ |IH AW ?
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(@) 3fad @eE 1.0 m deft B & qrel TaqH

o1 9 H 3R AEE 60 cm HIH S T
o= T a FT IA FE 2

(M) 39 favya =1 7@ fuiRa s a8
e & @Rd Rt IH W I8H T el
TTee 1 A 2.0 A 2R

(%) Th eTSiEl O 1 i H 0.5 MeV i
A= = S ¥ o w1 A

SfraehTel o/ BT 2
(¥) ®EA THY (Z = 6) & fau T 0
fafed |

(=) X-forto Ty & faq axur fem fafaw | =
Li ¥ K ¥ G99 310d ¥ ?

(D) S &I T 31 5.5 &7 T 39 9 & 70%
T I &7 B § T THA T TT0AT IS |
() T % &9 § ASAAEHET & HIE T ST

HHHATRU |
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2. RIS ek 9 & HIMWT : 5x1=5

(%) Tk oK hY & 0 AR SHell 3R FAT

T ey a0 iU |

(W) Th q0 qUeE 4500 A aTell YehreT Sedfoid
AT S| A AT foh Tk gaeer Harfeht & o
W U § s W sl gedt Wt TE
U w1 W 6000 A ¥, @ W W W@

HeTfeh=1 h1 =Tl &I BT 2

3. his @& YN & i : 5%2=10

(%) T A T Had & O fafew)

o o o

i o we A § 2

y(x) = A —0< X <00
2 —a?’

370 I T g SIfST 3+2
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(@) gHfte & fRdl &5 § T\E m AR A el

1A Teh HT BT T Held .

\lf(ac):Nxe_xz/4
T HA TS ST’ HIHIO 1 T Hid

3, &0 & fau feafas s V) frifa

HifeT | 5
(1) Tog »ifST fh - 5
L, L,] =L,
4. 1S A BA BT : 5x2=10

(F)THAT m 1 Th & x=0 3R x=L &
o e we § ufesg g1 39 e & fag

ST el 9T shifoTd |

(@) TESISH YA i ol 3okl & faw r <hl

G A GReRfed ST g sTeeen adl

~

el freferfed § :

-rla
e O

W(’”)=\/;Tg/2
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(1) I T § feod Uehfom e et it &

fau ofiga frafest o=t @1 9feem wifsT

Tafast e ®ed V(x)zémoazx2 T 3R

o ST T Theld F=eAred ©

PANEA R
[ o

Gfﬁcﬂz% gl

5. IS a YN A HITT ; 5%2=10

(%) SIHA G&A1 & WY i iRt sed el
& To=Ror 1 STRE FET IR 36 Y@ e
fafea | 3+2

(@) Tfer g & = dev i@ ge &

sgereen fas oMt | A Ruaer § feses

Tl 3R YEdh 1 T i fohan ST g,

HHHATRU | 3+2
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(M) () foodd W= HH H HEIOMEA  hH
HHEART 3
(i) = Fr=fafen e fafswan sgHa © 2
n—>p+e
HHART 2
Wifeen Freien :
h=6.62 x 10-3¢ Js
h =1.054 x 1034 Js
1eV=1.6%x10"1J
me=9.1 X 1031 kg
mp=1.67 X 1027 kg
c=3X%X108ms!

X X X X X
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