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O13=22

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 non-programmable
calculators or log tables. The values of physical

constants are given at the end.

1. Answer any five parts : ' 5x4=20

(a)

(b)

(e
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A rocket of proper length 40 m is observed to
be 32 m long as it passes an observer.
Calculate the speed of the rocket relative to
the observer.

Green light has a wavelength of 550 nm.
Through what potential difference must an
electron be accelerated. to have this
wavelength ?

How accurately can the position of a
non-relativistic ~proton be determined
without giving it more than 1-0 keV kinetic
energy ? ' ‘
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(d) Using the properties of the wave function,
state which of the following wave function(s)
cannot be solution(s) of Schrédinger’s
equation for all values of x : (i) AcX
and (ii) Ae‘x2. Give reasons for your answer.

(e) Obtain the ground state spectral term for
Z=12. .

(f) Calculate the activity of 10 mg of 222pn,
whose atomic mass is 222 u and half-life is
3-8 days.

() Are the following reactions possible ? Give
reasons for your answer.
i e*+et — pren
) m+p——on+n°

2. A reference frame S moves with a uniform
velocity V/i\relative to the reference frame S. A
particle moves with a velocity V relative to the S
frame. Show that the components of its velocity

7 ’ relative to the S’ frame are

r_Yx=V oYy .
VX_ VXV’ Vy— VXV »
c c
v, = — Y2 wherey= 1
l_VxV V2
! c? 1-—
c
_ OR
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In a certain inertial reference frame, a particle is
measured to have a total energy of 5 GeV and a

8 (iev . Calculate

(a) the rest mass of the particle in units of

momentum of

eV and
c

(b) the velocity of the particle. 3+2

Answer any one part (a) or (b) :

(@) (i) The wave function of a particle
confined in a length 0 <x < Lis
\|1(x)=A[sin—1;‘5+sin2Tm]. |
Obtain the normalization constant. 5

(ii) Show that [L,, py]l =ik p, 5
(b) (i) In a region of space, a particle has a
wave function y(x) = Ne" 22 and
h
ener; E= . Use time
& 2 mI12

independent Schriodinger equation to
determine the potential energy of the

particle as a function of x. 5

(ii) For an observable A which does not
depend explicitly on time, show that

d 1
E<A>—E<[A,H]>

Hence, show that
d

—<x>——1—< > s 5
dt m Px > ’
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4. Answer any one part, (a) or (b) :

(a) A free particle is trapped in a length .
segment lying between x = 0 and x = a.
Derive the expressions for eigen functions
and eigen energies of the particle. Determine
the normalization constant and the
expectation value of the momentum. 5+3+2

(b) (1) Determine the expectation value of r
for the ground state of the hydrogen

atom given by the wave function : 5
1 —r/a
yr)=—-——e 0
)
0

(ii) Use Moseley’s law to calculate the
wavelength of the K, line for
molybdenum (Z = 42). Take 0 = 1 and
R=13-6¢eV. 5

5. Describe the shell model for atomic nuclei. 5

OR

Draw a schematic diagram of a nuclear reactor
depicting its general features. State the functions
of control rods and the blanket. 3+2

Physical Constants :
h=66x10"Js
m, =91x 10731 kg
m, =167 x 1072 kg
N, = 6:023 x 10?3 mol™!
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qt 397 Fw | I9F 97 F 3% IHS GET T

g & | gl F v arEr e § 1 sy s

Fegpeietl a1 I GROET FT FAT I aHd § |
sifaw T & A oid F Re 1w & |

1. T4l oiw wril & s Qi 5x4=20
(%) I T 40 m T The F F9E TH Ieh

T 32 m W IR ¥ I Tohe IS IH
W%lm%aﬁaﬁ%ﬁﬁmmﬁm
Hifrg |

(@) R YW & R 550nm% | T SAEgE H

A TH TR A, W @ 7/ forn
fovraier gro e frn st =fe 2

(M) w Romidh Mel, Rl 10 keV @
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e e ot Tl @ S, H Rl w;
feparft aRegrgen b =TT ST whelt # 2
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(9) a1 ®e & IUEHl 6T T Fh qARE
5 x & uft el & fog Pafafea & &
PAFY/PA-A T B AR Tl w/F
& T8 B THA/ER () Ae® 3R (i) A ™.
I I F Hror feafen |

(8) Z =12 % fou q@ @ w1 WagHft I TH
Hfm |

(®) 222Rn #it 1-0 mg W i EfeEaT H TOF
Hfm, e s geEmm 222 u ® 3
ad-eg 3-8f 7 |

(®) = Fefafga sfifrnd dwg & 2 o W&
oy fafew |
G) et+et —o pt+n
() w+p—on+n°

9. Fdw d¥ % wny w47 & TR A Vi @

TREE R 1w ST AT v @ 97 S ¥ gy nfwE

R FarsramEsnHan v/ %

W%: ‘

’r_ VX_V, ’_ Vy .
Vx = VXV’ Vy— VeV ’
1- B y]_— X
, v ) 1

vV, = Z ,WY=
].—VXV V2
c? 1-—5
C
FHgqan
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ﬁs&ﬁaﬁaﬁiwaaﬁ@waﬁwmﬁ 5 GeV
ahaau""}e":rﬁma%.

(%) Gevﬁsaﬂ'{ﬁmmﬁmwﬂvma
Eﬁﬁmaﬂt
(@) 1 &1 A iewfera il | 3+2
3. &t g wm (%) @ (@) w1 W &
) O T 0 < x < L # UREg Th 0 1

e }
\|l(x)=A[ -’%+sm3§§].
e 1 SHERAH fais ww il | 5
) g R RS L, pyl =ik p, 5

(@) () uHfe % TH & 8§, T U H AT BeH
\y(x) Ne'2/21"2 2 Sﬂt At
E=
atﬁwmmﬂmm% x % B b ¥
% %o h fSafow St 7@ v | 5

(i) T Yo TR A S T W W w9

ot 78 =t & fore frg hifSe e

%<A>—E<[A H]>

s fag Hifv f
d

—<X>= -—1—<p >. 5 -
dt m :
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4. et o M (%) I (@) *1 N T

(%) W IHEFMx=03R x=a% a9 @ @
Gs A ufeg B | U F A Bl SR
I Fwielt & fow =ive gem iR |
yamieeEr s a Hife ik gan

T A W I | 5+3+2
(@) () TG WA I S
W) = 1 efr/ao
(ra3)"”*
% f1Q ¢ =1 yeamen A e hifv | 5

) TR Frm oW v e, niftee
Z = 42) ¥ T K, W& & A i
T AT 1 0=1 IR R=136eV
) 5

5. e R % i Hied B a0 SR | 5
qaq

T Tk Reget & am aEm foEn ge seen
IRE it | few de ot g % wH
qdigy | 3+2
sifaw e :
| h=66x10"Js
m, =91x10° kg
m, =167 x 10" kg
N, = 6:023 x 10% mol !
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