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

June, 2022

PHYSICS
PHE-11 : MODERN PHYSICS

Maximum Marks : 50

Note :

Attempt all questions. The marks for each question
are indicated against it. Symbols have their usual
meanings. You may use a calculator. The values of

physical constants are given at the end.

1. Attempt any five parts : 5x3=15

(a)

(b)
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The total energy of a particle is exactly twice

its rest energy. Calculate its speed.

Calculate the speed at which a rod is moving
when its length is contracted to one-third of

its proper length.
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(c) Calculate the minimum uncertainty in the
momentum of a proton confined to a nucleus

0—14

of size 1 m. Also calculate the minimum

kinetic energy.

(d) Write down the electronic configuration for
Gallium (Z = 31) and Rubidium (Z = 37).

(e) A ball of mass 100 g moves with a velocity
66 ms~1. Compare its de Broglie wavelength
with that of a proton moving with the
velocity 1:0 x 108 ms~1L.

(f) Draw the binding energy curve and explain

nuclear fission on its basis.

(g) State the charge, baryon number and spin of
a photon and a proton.

(h) Write the selection rules for X-ray spectra.
State giving reasons whether the following
transitions are allowed :

() 3%Pgp—22Pyp

(i) 22 Pgy— 228y

2. Attempt any one part : Ix5=5

(a) Write down Lorentz transformation
equation. Hence show that At = yAt” where At
is the proper time. 243

(b) Derive the relativistic energy-momentum

relation for a free particle. 5
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3. Attempt any two parts : 2x5=10

(a)

(b)

(c)

Show that Hermitian operators have real

expectation values. 5

The wave function of a moving particle is
2
given by ¢ = Nx exp [— X?J Determine the

normalization constant N. 5

Prove the Ehrenfest theorem

d<x> 1
dt m X

4. Attempt any one part (a or b) : 1x10=10

(a)

(b)
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(i) What is the maximum frequency of
X-rays produced in a tube operating at
a potential difference of 10 kV ? 2

(ii)) State Hund’s rules and using them

find the spectral terms for ground state
of Si atom. 3+5

Solve the time independent Schrodinger
equation for the one-dimensional potential

barrier :

Vx)=0 x<—-L

Vx)=Vy, -L<x<L

V(x)=0 x>L
Explain the phenomenon of tunnelling
through the barrier. 7+3
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5. Attempt any two parts :

(a)

(b)

(c)

The half-life of a radioactive element is
2:0 x 1010 years. Calculate the disintegration
constant (ins-1) and the number of
disintegrations per second from 1g of
the element. Take Avogadro’s number

6:03 x 1023, given that A = 238. 2+3

Discuss Liquid Drop model and explain the

phenomenon of fission on its basis.

List four applications of radioisotopes as

tracers. Describe any one of them. 243

Physical Constants :
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h = 6-626 x 10734 Js
m, =9 x 1031 kg

m,, = 1-6725 x 10%" kg
m, = 1-6747 x 102" kg

R=218x10718J

2x5=10
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() AT 1014 m % TH AMUF T ufEg T *
G H =Aa9 AHfedal qiehfad hig |
=AaH i Hoi o iRt I |

(9) Aferm (Z = 31) 3R wfafeam (z = 37) & fa
s ek fa=mg fafEu |

(§) g™ 100g I TH 7 66mst & AT ¥
TAgE 8 | o 10 x 108 ms™! & TfaAH TH
M o ¢ Siell qilesd § 3Tk ¢ S
qTeed sl e hIfTT |

() YT oAl dsh TAISY IR I YR T AR
fo@ed wmems |

(B) TH Bl N ThH Ued % fou faga s,
sfteria e 3 fom fafen |

(1) X-fopor waem & ot awor fem foafae | o
afga sars o f=fefaa gspaor saa & :1em@n
&

() 3%Pgp—22Pyp

(i) 22 Pgy— 228y

2. Hig TF WN HifT : Ix5=5
(%) s wqiaRe g faflae | 398 fig ifde

5 At = yAt, STET At 3fa THETET R | 2+3
(@) Th T &0 h 90 AR HoAl-Hom FaY
=eqe HIRT | 5
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3. &3 g 9N Hifu ; 2x5=10

(%) Tag I 7o BRIET Thiehi o amedfaeh e
uH g B 5

. 2
(@) @ﬂﬁnnmwwwq):Nxexp(—%]
2 | TEH=iieR fadmes N afehfad Hifsg | 5
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4. HI3 TF 9 (% A @) HINT : 1x10=10

(%) () fawarR 10 kV R fpnfa wsh X-fomor
qfeteht ® Icqad X-foptont hr 3rferesam

g I gl ? 2
(i) gUe * fam fofaw iR 37 frmi %1 W
Hh Si TE H YA EEA * U

e} ug 7a HIfT | 3+5
(@) Frafafga wwfan fawa s & foo wm
A AfSR g g HIfT
Vx)=0 x<-L
V(x) =V, -L<x<L
V(x)=0 x>L
Ufeeh % ARUR UH  hl GfEeTr @l
HHATRT | 7+3
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5. s g W hHifT 2x5=10

(%) = feamfaes a@  H dem
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A = 238. 2+3
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(M) Wk Y § UeTAAEEERMT F TR T
gefag Am | feEft e s e
HIRT | 2+3

wifaes (i :
h=6-626x 10724 Js
m, =9 x 1031 kg
m,, = 1-6725 x 102" kg
m, = 1-6747 x 1027 kg

R=218x10"18J
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