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BACHELOR OF SCIENCE (B.Sc.)

Term-End Examination
June, 2010
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

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

(b) An electron has a de Broglei wavelength of
Inm. Calculate its kinetic energy.

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

(d) 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 :

@) wt+poA+K°
(@ A=2wt+w

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

2. Attempt any two parts : 5x2=10

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

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

() 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 fwo parts : 5x2=10
(a) A particle of mass m can move freely along
the x-axis between —a/2<x<a/2, butis not
found outside this region. The wave

function for the first excited state is given
by :

2mx . a
¥(x, t) = A sin —Z—e"Et/h for — — <x< 5

N R

=0 otherwise.

Verify that the wave function satisfies 4+1
Schrodingers equation. Determine the
energy E for this state.

(b) The energy of a linear harmonic oscillator

p x2 2
is E = ——+——. Using the uncertainty
2m 2

principle obtain the minimum energy of the
oscillator.

(c) Verify the commutator relation [L,, L?]=0

4. Attempt any two parts : 5x2=10

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

length Lis givenby ¥ (x) = \/% sin (nzrx )

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

= 1 r -r/2a
\If = 0
21(7) G o e

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

Attempt any two parts : 5x2=10

The half life of an element 215At is 100ps. If
a sample initially contains 6 mg of the
elements, determine its activity after 200ps.
Draw labelled schematic diagram of a 3+2
nuclear reactor. What are converters and
breeders ?
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 :

= 6.626 x 1073 s
me = 9.1 x 10731 kg
mp = 167 x 107% kg

= 1.054 x 10~347Js
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1. @Fwaam R 2x5=10
(a) wuET f& w@ gig &1 y9@ & AN
uftereetl | =i fearg 3ar?
(b) UH TAHMA HY T Fiel a1 e Inm ¥ 1 gL
Tifast Fetl TReferd e
(c) IRA iR B g dora € @t fag wifoe fw
i [A, B] gfHd §1 |
@ U= WeNufewa o w1 adf-amg 5 a9 &
20 99 91 9 T I FRaT W =4 ?

(e) Sr¥F foau woaele faam aiwfeaa =¥
() wRo wfga grgd fo fFefafeaa e gya
AL |

(i) wt4+p-oA+K° (i) AN Owt+a
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(g) T ®E@T &I WigwdH® AT § M9 F
LGRS

2. W@Wﬁl 5x2=10

(a) TISH q AN gHFHINAR § IR TH T |
TWAr R uedt §1 g wfwaas o 3 A
HIAU -3 feafqa o &on @ it
79 SHI weel it &' dF | gt ofR wHgiaua
M R fEm EfFE TS 9 5 F Wy
a0 Wy few ¥ 97 W g

(b) Tag & fo form goam™ m, I HO1 &
FNTRTE I G Td i & fAg STavas
e H M B+ F=myy’a S @10 3R 47
e § e A

(c) U1 3R 2 HHIM: 0.6C 3R 0.8C A1F | FaAIT
e a5 # faada feemeli ¥ won ¥ ww1E
WO FH 2 FH A GRERIAT HL HO HT

e A FA1 B TR A Th A Hi AR
®?
3. @AM A 5x2=10

(a) FHE m HF xR~ oSx< S

T €9 § I 8, AHT 39 &9 5 9w T
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(@)
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I S ¥ WY SAfd aTere & fow et
He frefafed R

Y(x, 1) =Asin@-e‘i5t/h— <x< 2
7 a 2

N =

=0 3=l
T ¢ & a8 W Fa AR gt 4+1
%! P HA R 39 oraey & faw = E @

T 91§ &8 | 4

& gs Tad <ars HF e

2 2
E = Bx___;lc_x_ 4|
2m 2

siffeaa fagia =1 Tam & Ao S I
I et | '

frafafas FRe Sy Fi wafag S

[L, L3=0

FiIg g am HL | 5x2=10

TEE LS UH 999 | H9 H 9l For

Y (x) = \/%sin (”:x)gm fean sman 1

OV L/2F &9 FU &F T T &I Fiiahar
fefaa s ‘

7 P.T.O.



(b) TEEISA T Hf n=2, [=1 &N & fog
o= wiftaera s foe foig W sifysan @m 2
39 oraen F fau arwer frefated ® -

Wy (7) = ——r —L=e7/2%

(24, Y2 a V3

() T &l s w31 37 Fawi ol A F 3+2

HTEA T i YA AT e HL
5. E??E’?WEF? _ 5x2=10
(a) < 25AL @Y 743 100ps §1 SR 0 &
T H 6 mg T BT § T 200ps F G TEH!
wfpaar TRewfaa #il
(b) TRrEE Ruwx &1 Tdel afsd oma @i 3+2
TfEde 3R sieX =1 8 €2

(c) WM ¥ % o & &9 ¥ 3 <gfaaat 2+3
FUT FS F NG GH | TH OME F A
AN 1 Tl L
siferes Fraares :

h = 6626 x 107347s
me = 9.1 x 10731 kg
mp = 167 x 10-% kg
h = 1054 x 10-34]s
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