Physics
NCERT Exemplar Problems

Chapter 11

Dual Nature of Radiation and Matter
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(i) E_,. = 2hv-¢ (i) The probability of absorbing 2 photons by
the same electron is
very low. Hence such emissions will be negligible.

In the first case energy given out is less than the energy supplied. In
the second case, the material has to supply the energy as the emitted
photon has more energy. This cannot happen for stable substances.

No, most electrons get scattered into the metal. Only a few come out of
the surface of the metal.

Total E is constant
Let n, and n, be the number of photons of X-rays and visible region
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The momentum is transferred to the metal. At the microscopic level,
atoms absorb the photon and its momentum is transferred mainly
to the nucleus and electrons. The excited electron is emitted.
Conservation of momentum needs to be accounted for the
momentum transferred to the nucleus and electrons.
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The frequency of beam B is twice that of A.
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= 20.5 x 102eV = 0.21eV
6 X 10?6 Na atoms weighs 23 kg.
Volume of target = (104 X 10-3) = 10"m3

Density of sodium = (d) = 0.97 kg/m?

Volume of 6 x 1026 Na atoms = _23 .3 _ 23.7 m?
0.97
23 3
Volume occupied of 1 Na atom = 0.97 <x6x10%° m~ = 3.95 %X 1026m3
107”7
No. of sodium atoms in the target = 395x102° 2.53 x 1018

Niimber of nhotons/s in the beam for 104 m2 = n
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hv (for AL = 660nm) = 600

=2.05eV =2.05 X 1.6 X 10719= 3.28 x 1019J.
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If P is the probability of emission per atom, per photon, the number
of photoelectrons emitted/second

=Px3.1x10"° x2.53x10'®
Current = P X 3.1 x 10"16x 2.53 x 108% 1.6 X 1071°A
=P x1.25%x 1016 A
This must equal 100uA or
_ 100x10™°
1.25%x10*'°
. P=8x1072!

Thus the probability of photemission by a single photon on a single
atom is very much less than 1. (That is why absorption of two
photons by an atom is negligible).
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Work done by an external agency = + i _[ q—zdx =
X
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With d = 0.1nm, energy =

1.6 x9
= 7 eV=36¢eV

(i) Stopping potential = O at a higher frequency for B. Hence it has
a higher work function.
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(ii) Slope = = = (10-5)x10™ for A.
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= U5-10)x101% forB.



_1.6x10"x2.5x10™

5 =8 X 103 Js for B.

Since h works out differently, experiment is not consistent with
the theory.
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