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BACHELOR OF SCIENCE (B.Sc.)

Term-End Examination

QU 1 &1 - December, 2017

| PHYSICS
PHE-11 : MODERN PHYSICS

Time : 2 hours Maximum Marks : 50

Note : Attempt all questions. The marks for each question
are indicated against it. You may use a calculator
or log tables. The values of physical constants are
given at the end. Symbols have their usual
meanings. - '

1. Attempt any five parts : 5x2=10

(a) Calculate the velocity of an electron when its
mass is equal to twice its rest mass.

(b) Calculate the kinetic energy of an electron
whose de Broglie wavelength is 700 nm.

(¢) An electron is confined to a box of length
10~ m. Calculate the minimum uncertainty
in its velocity. '
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d)

(e)

®

(g)

2. Answer any fwo parts :

(a)

(b)
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Calculate the expectation value < py > of the

momentum of a particle with the wave
function

v, () = (3)1/2 sin (Pﬁx—)

L L
The wavelength corresponding to the first
transition of Balmer series of hydrogen is

6563 A. Calculate  the  wavelength
corresponding to the second transition.

A radioactive element has a half-life of
16 years. Calculate the time in which 70% of
the sample will decay.

Calculate the binding energy per nucleon
in ¢C12.
Given: Mass of 6012 =12-0u

my, = 1-007275 u

m, = 1008665 u

m, = 0-00055 u

Light of wavelength A = 4850 A is emitted by
atoms in a galaxy receding from the earth
with a speed of 0-3c. Calculate the
wavelength of light observed on the earth.
Calculate the annual loss in the mass of the
sun if approximately 8-4 J of radiated energy
is received by each square ¢m of the earth’s
surface per minute. The distance of the sun
from the earth’s surface is 115 x 10 m.

2

2x5=10



(¢) Derive the relation between relativistic
energy and momentum of a free particle. 5
3. Attempt any two parts : - ' 2x5=10
(a) What is the probabilistic interpretation of
the wave function ? Write down the time
‘dependent Schrédinger equation. Obtain the
time independent Schrodinger equation.  1+1+3
(b) The unnormalised wave function of a
particle is given by o
¢ =Nx exp (—xz./az).
Determine the normalization constant N. - 5
(c) Show that
[L;, Lyl = ihLy S 5
4. Answer any two parts : - 2x5=10

(@)

(b)
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Consider a particle of mass m confined in a
one-dimensional box :
Vx)=0 -~a<x<a
=oo - otherwise
Solve the Schrodinger equation for the
particle and obtain its energy eigenvalues. - 5

State Hund’s rule. Use Hund’s rule to obtain
the spectral terms and ground state of
Sc (Z = 21). 342
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(¢) X-rays from cobalt (Z = 27) tube have a
strong K line of wavelength 1-785 Aand a
weak line due to copper impurity (Z = 29).
Using Moseley’s law, calculate the
wavelength of the other line. 5

5. Answer any fwo parts : , 2x5=10

(a) Explain the liquid drop model of fission
qualitatively with the help of schematic
diagrams. 5

(b) Calculate the distance of closest approach of
an a-particle of energy 5-3 MeV fired directly
towards a nucleus of gold (Z = 79). Given
mass of gold nucleus is (m = 6-7 x 1077 kg). 5

(¢) List the basic components of a nuclear
reactor and explain the functions of
moderator and coolant rods. 2+3

Physical Constants :
h = 6626 x 1073* Js
m_=91x 10 kg
m, = 1-6725 x 102" kg
m_ = 1-6747x 102" kg
c=3x10°mis
e=16x10"1°C

1
4n €0
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dt.w=.g.-11

fa = (sfoom )
fa=r, 2017
dt.u=.3.-11 : sngfam wifehy
a2 T | _ Sferhad 37% : 50
e  ah weT DET | I 7T F 5w 39 G Ry
7T § | AT Fopict AT AT GRIET HT FIT F

gwa & | wifew i & 7 3ia 7 ke T E |
il & ar9 a3 & |

1. & g smi s AR . 5%2=10

(%) Wl ® A ek ARG @ T
 ZoquH, 36% oW 3o F g W R |

(@) @ WRA f T I wRERE FRE

- T 3 sifeeht qoded 700 nm ? |

(Tr)* 1078 m i eTE I WA A TH agH IReG
2| wE I § =pew affema Rl
e | |
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(@) Fr=faRaa a01 wem aTet F0 % HaT HT A
W<'px>‘1ﬁﬁ%ﬂ_3ﬁﬁ'qi

V2
\Vn(x)=(%) sin (PLE)

(T) TESH ht aER Ao F ToW WHAY b I
qureed 6563 A ® | guhl fodfiw @shmor & e
qonee uftssferd AT |

(@) s Heafea o A anf-omg 1699 } | 97
T IRl Sifse e sae 70 wfosa
1 &7 g Sl ¢ |

(B) ¢C1% & fou wfa gfeaei svm ot iewfem
e | |
fnmn g (ClwgEmH=120u

m,, = 1-007275 u
m,, = 1008665 u
m, = 0-00055 u

2. Tl g wrn & s A 2x5=10
(%) & ugitet d g grn famfSia g @
aoeed ) = 4850 A 8, S&fh Hafet 0.3 ¢
o @ geft A g W @ R | yeht w

T T qreed giesford $ifsg | 5
(@) @ & g=me # aif¥% &9 (annual loss)
wRefera difore af geet A g g wfy e
TAF & I W ATHT 84 J h fafe
o g Bt } | geht B waw @ gF Hogft

115x 101 m B | 5
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(1) TR F F MR Fel oK wEam ¥ =
oY Yeaw IR | | 5
3. fodl @ o BT AR - 2x5=10
(%) T Bom H TR =R @ R ?

FHrATda AR g fifae | w9 w@ds
AR wftepor e g 1 1+143

(@) Pt %01 % e Twam=AEa (unnormalised)
1 B 1 e Fefolea R
¢=Nxexp(—x2/a2)
SRR feis N fgifa it | 5

) fag v
L, Ly = ihL, | 5

4. Fligwisswdie: 0 2w=10.

(%) A9 AR fF m gomE =1 & w0 T
ieq o €44 (confined) R :
a Vx)=0 -a<x<a
= HAAT
W W F foe MR wieor g fif sk
b FHll IFNAH I FIRY | 5
@) e & fel A gy | o s@m W
Sc (Z = 21) &% WagHt 9 R Fo-31FEdr I
HIRT | 3+2
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(1) Pz @ = 27) T & Xfewl § woRed
1785 A 6t ye@ K @ scafla gt ® ik afe
(Z = 29) & ARG F FRU TF oA W1 I
Af 2 | s Faw w1 = W, gEd @ W
aureed ufwfera Hifvrg | 5
5. fdl 7wl % s AR : 2x6=10
(%) AerEg @l N wEEa & e & 5@ 6
Aiew N TOIHHAT (qualitatively) H A&
Hif | 5
(@) 53 MeV Sl & Th o0 B TH (Z = 79) %
it i % @Y A (fired) T B | 396 foTQ
frerean Iwm gft aRepierd hifvg | foe e @
F TP W H (m=67x102 k)81 5
() Tfeh fRFR & SRad/eE sEEE W
geftag I qun favies o shaes < &
il i e HIfT | 2+3
- 5w R e
h = 6-626 x 107* Js
m, =91x 103! kg
m, =16725x 10 kg
m_ =16747x 102 kg
c=3x10% m/s
e=16x1019C
1

4r €p
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