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BACHELOR OF SCIENCE (B.Sc.)

Term-End Examination

June, 2010
O

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 log tables and
calculators. The values of the physical constants have
been given at the end.

1.	 Answer any five parts :	 2x5=10

Explain why the effects of time dilation are
not felt in everyday Phenomena ?

An electron has a de Broglei wavelength of
1nm. Calculate its kinetic energy.

If A and B are Hermitian operators, show
that i [A, B] is Hermitian.

A radio active element has a half life of
5 yrs. What fraction of the element would
survive after 20 yrs ?

(e) Determine the electronic configuration for
Sr38.
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(f) Explain with reasons whether the following
reactions are possible or not :

zr+ +p--->X+K°

X—>7+

(g) What is the probabilistic interpretation of
the wave function ?

2. Attempt any two parts :	 5x2=10

Show that two events which are
simultaneous in S, but are separated by Lx
in space are separated in both space and
time in S. It is given that S' is moving at a
speed v relative to S in the x-direction. Find
the space and time separation of these events
in S'.

Show that the force required to accelerate a
particle of rest mass mo is given by F = m0y3a,
where acceleration and velocity are parallel
to each other.

(c) Two particles (1 and 2) move in opposite
directions. Particle 1 moves with speed 0.6C
and particle with speed 0.8C, respectively
in the laboratory frame. Calculate the speed
of particle 2 relative to particle 1. What
would the relative speed be if the particles
were moving towards each other ?
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3.	 Attempt any two parts :	 5x2=10

A particle of mass m can move freely along
the x-axis between — a/2.5_x a/2, but is not
found outside this region. 	 The wave
function for the first excited state is given
by :

	

a	 a
V(x, t) = A sin 2Trx
	

h for — —2 <x< —2'a

= 0	 otherwise.

Verify that the wave function satisfies 4+1

Schrodingers equation.	 Determine the
energy E for this state.

The energy of a linear harmonic oscillator

is E — —
px2
2m 2

2
-F—kx . Using the uncertainty

principle obtain the minimum energy of the
oscillator.

(c) Verify the commutator relation [Li, L2]=0

	

4.	 Attempt any two parts :	 5x2=10

(a) The wave function of a particle in a box of

length L is given by kltii(x) =	 sin ( 1	 	 .

Calculate the probability of finding the
particle in the region 0 to L/2.
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Calculate the point at which the radial
probability density is maximum for the n = 2,
1= 1 state of the hydrogen atom. The ware
function for this state is,

4121(r)	
1 	 r r_ e—r/2a0

(2 ao )Y2 ao g3

State Hund's rules.	 Apply these rules to 3+2
determine the ground state of the carbon
atom.

5. Attempt any two parts :	 5x2=10
The half life of an element 215At is 100p,s. If
a sample initially contains 6 mg of the
elements, determine its activity after 200Rs.
Draw labelled schematic diagram of a 3+2
nuclear reactor. What are converters and
breeders ?

(c) Draw the B. E. curve showing the binding 2+3
energy per nucleon as a function of mass
number. Discuss its salient features.
Physical constants :

h = 6.626 x 10 -34 Js
me = 9.1 x 10 -31 kg
mp = 1.67 x 10 -27 kg

h = 1.054 x 10 -34 Js
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1.	 --/e eq. TIT	 I	 2x5=10

w-mf	 cbm	 T -g4Tr4	 tlkitii

Li Rhi ditatt	 ce-ii	 ?

	 	 4fr-A-di 41 ttzi inm t t.TT-*

Ircl	 Nyl dpyl 	 4 P	 k1cf

31-3.7 A 3RB egit t-ichRch

i [A, B] eift tl

	 	 etda and	 311f-3171 5 44 1

20-44.4K1WW1f*71TITPT-T1T?

Sr38 *	 4c.).11.1Thon fq-Rtrg q Rchroo wl

mini Trfo 	 	 ,H41ebor TilTq

t	 	  :

(i)	 Tr + +p --> X +K°	 (ii) X ---->17 + +Tr -
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(g)	 (1(4 ( 1-11(1-1	 :41 qcf, clIcli ch 	 oe.11(Stil #	 31Ttr TEIT

Trgi-gt?

	

2.	 ch	 chl I

	 5x2=10

.d"-q S	 t	 	 t	 .)

Ax	 f4--4	 4

Erz-9-rfT-af-da.1 atiT vErT1

14d113ff	 1-4 ath 	

rqq i t fw	 st 	

Geri vAix f--4-F	 -cio	 t

f4-4 	 	 fq711:1 o -1'jmo c c 	 ctoi

anI-Tera 1C1 am fff-{7 4,0 t

*-1 1117 t: F	 cituf 3	 1

1;chtfq7IT4f1

(c)	 ch u l 1 *2 --TT7T: 0.6C *0.8C	 -4 m g 41

-atq- -4 fa-ER-17 frra-ff 4	 4m	 t

*Ok-T cbui 2	 airi LiRchrod a	 i	 chin

	

qa-r 6) 4 1) 31117	 -*-1- at{ aTI

7-4-?

	

3.	 WqhiTT1 W11
	

5x2=10

a	 a  , 
(a)	 m	 cb u f x-3-1AT TR — —

2
� x �- —

2
0114

'Fcr	 -goof t,	 t .11
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41 q f Aicif t I 31q17	 31-W-9-TT	 fCll fftri

cbo rf •1 4-1	 tgcf t :

111(x, t) = A sin 
Irrx e—iEt/h— 2-<x<	 •*

a	 2	 2

=0	 3P49-11

f Tff CR4 1 4101 3irg-7TH	 ch 01 4+1

*'111gE •=t)tc1i t I	 34-4mr	 t dIA1 E *T

TIN 117i *11

	 Afgrw 31T-44 to-w	 37,41

E = 
px2

+ 1a2 t I

	

2m	 2

af-afTA-mt fTgfd 	 if	 1r

f9-*-#

	  'TPtee7 1:f4.4	 kiNirLicf •*• I

[Li, L21=0

	

4. W10'171.01
	

5x2=10

(a)	 -1:z1T1,*	 WaT*T Wt/T 	

Tn(x) =	 — SLTI

L2 
sin x	

gio Ng ' 	 t

0 74 L/2* on zi	 * tfTR

Lincbroci
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	  TR7171	 n = 2, 1= 1 31 WT* Fri

444	 rcr,H Psis TR 31I1-d1:1 i)411?

R 31-4P41. *	 Pi4--trofigcr t :

4/21(i)	
1 

3	
r	  e-r/2a0

(2ao) z	ao

Trg *f9711:4	 	 lTff I-17114'0 0 n 11:W{ 3+2

wr-49. TRITraii	 c 31	 TT 4R4,roci

5. OftNTIT:
	 5x2=10

215At	 3Tti_331/ looms t 1 3T 31T-Tai 4

1+-0 4 6 mg card 	 t	 mops *-A-K
Lifichrod

fry	 aTfrtg ig	 • I 3+2

LiRctrich atIZ .ftT -4z1T	 t?

(c)	 q04.14-111 *itsq i 	 Lhcil t -F4	 -9-rd --fg ra:Tf9. 2+3

dp=if X11 aTku 41-41	 aft	 iltsq

straw /qrfich :

h = 6.626 x 10 -34 Js
me = 9.1 x 10 -31 kg
mp = 1.67 x 10 -27 kg

h = 1.054 x 10 -34 Js
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