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PHE-11 : MODERN PHYSICS
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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) Calculate the kinetic energy of an electron
moving with a velocity of 0999 ¢ in the
laboratory system where c is the velocity of
light.

(b) Calculate the de Broglie wavelength of a
100 MeV electron.

(¢) Calculate the minimum uncertainty in the
momentum of a proton confined to a nucleus
of radius 1071 m. Also calculate the

minimum kinetic energy of the proton.
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(d) Obtain the most probable value of r for the
' ground state of a hydrogen atom for which
the wave function is

2 _
e r/a

Wir) = —575
(ay)

(e) List all the spectral terms of a
hydrogen-like atom in n = 3 state.

(f) The halflife of a radioactive element is
26 days. Calculate the time required for 25%
of the element to decay.

(g) Explain whether the following reactions are
possible :

. 0 -
G AM+T"o>p+n+e + 7,

(ii) h=p+e+ v,

2. Answer any one part :

(a) An electron is moving with a sbeed of 0-85 cin
a direction opposite to that of a photon.
Calculate the relative velocity of the photon
with respect to the electron. 5

(b) A pion at rest decays into a muon and a
neutrino (zero rest mass). Using the
relativistic law of conservation of energy and
momentum obtain the momentum of muon

in terms of m; and m,,. 5
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3. Answer any one part :

(a) (i)  Write the time-dependent Schrodinger

(b)

equation and deduce the
time-independent Schrédinger
equation.

(ii) Obtain the value of the commﬁtator
(L, Ly].

(i) State the properties of wave function.

(i) The wave function of a particle
confined in a length 0 <x < Lis

nmUx
L .
Obtain the normalisation constant.

y(x) = Asin

4. Answer any one part :

(a)
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Give the selection rules for atomic
transitions that yield a characteristic X-ray
spectrum. Draw the approximate energy
levels for the L and M shells and show all
the allowed transitions. Use Moseley’s law to
obtain the frequency of an X-ray line when
an L to K transitibn takesv place in an Ag

atom for o = 3.
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3 : P.T.O.



(b) Write down  the time-independent
Schrodinger equation for a one-dimensional
harmonic oscillator which has an angular
frequency m. Also calculate the mean kinetic
energy and potential energy of the oscillator
in the ground state given by the wave

function

(a)uz [_ azxz]
yx) = [ — exp ,
T 2

mo
where a = 5

5. Answer any one part :

(a) Define mass defect and bmdlng energy.
The energy released when two H nuclei
fuse together to form ;He nucleus is
23:6 MeV. Given that the binding energy per
nucleon in H is 1-1 MeV, calculate the

binding energy per nucleon for He

(b) Explain the working of Wilson cloud

chamber.
Physical Constants
h = 66x 104 Js
m, =9-1x 1073} kg
m, = 1-67 % 10727 kg
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(9) EESSH W] I o FGEAT HI T Hed
frefafea 2 -

y(r) = 2 e—r/aO

39 IEedl & fou r &1 gEq AfYs wilRepar
_(Ww)wmmﬁﬁql

(T) T TESSH-GH T HI n = 3 3FEA & fou
oft St wgi v gEfeg hife |

(W) s Heafeea aa & ademg 26 i 2 1 5@
q % 25% WU H T BF A o I @l
trf{axfé‘mﬁﬁqy

(®) wwemse f FrafaRaa sifufsramd oo & o = -
) A'+TFop+n+e + 7,

(i) h=p+e+ v,

2. Tt g s 1 e @S

(%) TH ToagH, 0-85c i =l W, Th BIEHA &
foafta feem o wfam 2 | s & @mw
B 1 3R 37 qierferd Hifse |

(@) U urATT S formraen # 8, U =g iR
=t (e o gomm 3 2) & &
A} | mufrE wam i w9t % waw
framt 1 S @ §Y, my, R m, F @A
TYATT 1 HaT 9T IR |
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3. Tt g W =1 ST @

(%) () Hont@a sife R wfiem fafae sk
38w AR gHiwm Foaw
Hife | 5

(ii) Wa[LX,L]wmmeﬁﬁm 5

(@) () T B > IO F@TE | 5
(i) 0<x <L oS & qfeg, T & H1 a0
wad frfaRaa 2 |
\4l(x)=AsinnnX

T TEE=NSE FEdaes g Hifsg | 5

4. Tt g 9 &1 3 AR

(EF) afieefes X-fRor Wagn I w9 9.
g Aol & forw st e sase |
L 3R M & fore aifaere Si-wall & M@
ATET 3R IEH Wt STEa GsHAv @l @R |
O F PEm w1 REE W 9 (Ag) +
T # e LA K A0 BN W 3eqd X-fohty
W AP R | o=3FF™TI 10
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(@) wh whinfim wa oadl e I HE
A o 2 | 9k o HA-wEad AR
ey fafae | q@ o # @ W@
el Qo % forw sftma wfiw It ek
feufas ot &1 wF ot dftewfera Hif | g

HAIEYT § T B |
1/2 2.2
o = (2)" 222t
s 2
| aﬁa:—n—;ﬁ%l 10

5. ot o wmr o1 3w A .
(%) Fom &t ot du gt B o SR |
v @ 2H ifie df B T @1 ) He
i s & @ 23-6 MeV ol cdtsd gl
i 6 TH ¥ el e
S et 11 MeV 3, @ [ He ¥ g wfd

fFAstia 9g1 FAt qiehfera I | 5
(@) faewa tg wg H R THEE | 5
yifaew Radars

h=66x10"%Js
m, =9-1X 1073 kg

m, = 167 x 10" kg
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