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Chapter # 21 Exercise Short Questions

Q1. Prove thatenergy and momentum of photon are directly proportional to each other.

The energy of a photon is given by E = hf

and its momentumis Ii;‘;= hf/c

By dividing both equations, E = pc

This shows that the energy of a photon is directly proportional to its momentum, as both depend on

frequencyv.

Hence, E «P.

Q2. Convert 800 MeV into joules.

1eV=1.6 x 10 17
So.

800 MeV = 800 x 10° x 1.6 x 10 9

E=128x101"J

Hence, 800 MeV = 1.28 x 107'? )
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Chapter# 21 Exercise Short Questions

Q3. Write the two phenomena to describe photon—-electron interaction.

Two important photon—electron interaction phenomena are: aypiokn _  dhdn' o #%

Photoelectric effect: o%
“where photons eject electrons from a metal surface. S48 gootn

Compton effect:

Incident
where photons collide with electrons and scatter with reduced energy. L'ght%@(%& 4 4
e —E

Both effects confirm the particle nature of light. : - o PR

: = '=-:-

Q4. In the interpretation of the photoelectric effect, howis it known Metal Surface

thatan electron does notabsorb more than one photon?

Each emitted electron has a definite kinetic energy depending only on the frequency of the incident light,

not on its intensity.

If an electron absorbed multiple photons, the energy would vary continuously with intensity.

Hence, experiments show that one electron absorbs only one photon at a time.
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Chapter # 21 Exercise Short Questions

~ Q5.How can you determine the work function from a plot of the stopping potential versus frequency of

\ the incidentradiation in a photoelectric effect experiment? Can you determine the value of Planck’s

constantfrom this plot? T
The photoelectric equation is eV, = hv — ¢. Stopping
| potential
When a graph is drawn between Vj and v, it gives a straight line. (Vo)
h
The slope of the line equals —, giving Planck’s constant, and the intercept on the vf.
e ; Frequency of —»
incident radiation (V)
the frequency axis gives the work function ¢ = huy.

Q6. Speculate how increasing the temperature of a photoelectrode affects the outcomes of the
photoelectric effect experiment.

An increase in temperature gives extra thermal energy to electrons, helping some electrons escape more
easily. This slightly increases the number of emitted electrons but does not change the maximum Kinetic
energy, which depends only on light frequency.

Hence, temperature affects current, not stopping potential.
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Chapter# 21 Exercise Short Questions

Q7. Which aspects of the photoelectric effect cannot be explained by classical physics?
Classical wave theory predicted that photoelectric emission should depend on light intensity ar[fd
have a time delay. However, experiments show that emission occurs instantly and depends on
frequency, not intensity. Also, there exists a threshold frequency below which no electrons

are emitted — unexplained by classical physics.
Light

Incident
sSCAlTaned ‘ ‘
alactron
X-ray photon lectron A 0‘_“ E[E‘CtEd

i (=
W\/\f\_ Q" 4 Photoelectron
- - - I - - I - -
%&m °00.90.0.

Metal Surface

Q8. Whatis the physical significance of Compton’s effect?
Compton’s effect shows that light behaves as particles (photons) that carry momentum and collide
with electrons. The scattering of X-rays with increased wavelength proves energy and momentum
transfer like in elastic collisions.

Hence, it provides strong evidence for the particle nature of electromagnetic radiation.
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Chapter # 21 Exercise Short Questions
Q9. Differentiate between Compton’s shiftand Compton’s wavelength.

Compton’s shift (AA) is the change in wavelength of a photon after scattering:

Al =) — )= -2-(1-cosh).

m,c

Compton’s wavelength (A2 = h / mec) Is the constant representing the maximum possible shift when 6 = 180°

Thus, Compton’s wavelength is a fixed value; Compton’s shift depends on the scattering angle.

Q10. How can you say that scattering angle of photon plays effective role in measurement of
Compton’s shift?

The Compton shift formula shows

A\ = 2-(1 — cos0)

m.c

As B Increases, (1 — cos 6 ) iIncreases, so AA increases. Maximum shift occurs at @ = 180°.

Hence, the scattering angle directly controls how much the wavelength changes after collision.
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Chapter# 21

Exercise Short Questions

Q11. What are the conditions required for pair production to occur?

Pair production occurs when a high-energy photon (at Izast 1.02 MeV) passes near a nucleus.
Its energy converts into an electron and a positron pair. Thus, the photon energy must be greaterthan or

equal to 2mec?, and a nucleus Is required to conserve momentum.

Q12. Whatis meant by de Broglie wavelength?

According to de Broglie, all moving particles have wave nature associated with them.

h

The wavelengthis givenby A = > » Where p is momentum.

This concept links wave and particle behavior and forms the basis of quantum mechanics.

Q13. Which phenomenon provides evidence for particulate nature of electromagnetic radiation?

The photoelectric effect provides clear evidence for the particle nature of light.
It shows that energy is transferred in discrete packets called photons, each with energy E = hv

Only photons above a certain frequency can eject electrons, confirming that light acts as particles.
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Chapter# 21 Numerical Problem No. 21.1

In an experiment, the work function of potassium surface is 2.1 eV.
If the stopping potential for the emitted electron %s 0.43 V, find the wavelength of incident radiation.
Given data:
Work function, ¢ — 2.1 eV _
Stopping potential, Vy — 0.43 V Solution:
Charge of electron, e — 1.6 x 10~ C he ,
24 ¢ + eV
Planck’'s constant, h — 6.63 x 107 . A
Speed of light, ¢ = 3 x 10° m/s he
/\ -
he = 1240 eV’ o + eV
To find:
| " - 1240
Wavelength of light A = 51+ 043
Formula: 1240
From photoelectric equation, 2.93
/ _
% =4V A = 490.1 nm
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Chapter# 21 Numerical Problem No. 21.2

Light of wavelength 5000 A falls on a metal surface with work function 1.9 eV.

Find [
(a) Energy of photon (b) Kinetic energy of emitted electrons (c) Stopping potential.
Given data:
A=5000A=5x10""m
d=19eV
. -S4
h=6.63 x 10 Solution:
c—3x10°m/s
e=10x10""C 6.63 x 10~ x 3 x 108 .{
=227 e _3978x107°]
Formula: o X 19
e 3.978 x 1079
B = E== 2.48 eV
A 1.6 x 10-19 -
RB.=8-¢ K.E.—248 — 1.9 — 0.58 eV
K.E.
W = 5 Vi) =008V
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Chapter # 21 Numerical Problem No. 21.3

Find photon energy for: Solution:
(i) violet light of 413 nm (i) For violet light, A — 413 x 10~;

() X-rays of 0.1 nm .
6.63 x 107%* x 3 x 10°

» —
(i) radio waves of 1 m. E T 481 x1077 )

E=3eV

Given data:

. ii) For X-rays, A — 0.1 x 10~
h — 6.63 x 10~34 () 4

~ 6.63 x 107 x 3 x 10°

c=3x10°m/s E - —1.99 x 107 )
1 x 1071
ks 4
Formula: E =124 x10" eV
2 hce (ili) For radio waves, A — 1 m:
" 6.63 x 10734 x 3 x 10° :
E=— —1.99 x 1072 ]

1
E—=124x10"°%eV
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Chapter # 21 Numerical Problem No. 21.4

Calculate the minimum energy required by a photon to transfer half of its energy to an electron at rest.

Given Data: _ 3
- Solution:
) *nq :
4 Yy Substitute E: = E?
mec” = 0.511 MeV 1 1 1-—cos@
| E./2 E, M C>
6 — 180"
2 1 1 — coséf
To Find: E. =7 E, E, —
Formula: 1 1 — coséb
> . E'} mrcg
From Compton scattering equation:
, h For maximum transfer of energy,
i i —— 6 — 180° = (1 — cosf) = 2
gt gk kvt
A /\, E"? M C™
1 1 1 — coséb mec” 0.511
Ei E-f THFL'E E~, 9 — 9 = (0.255 MeV
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Chapter# 21 Numerical Problem No. 21.5

An electron is in a box of atomic size 1 A. Find its velocity.

Given data:

A=1x10""m
h—6.63 x 1034 °
me = 9.1 x 107! kg

Formula:
_h L _ P
P b % m
Solution:
6.63 x 1034 _o4
= = 6.63 x 10
6.63 x 10~ .
01 :m_:” 7.29 x 10° m/s
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Chapter # 21 Numerical Problem No. 21.6

A 50 keV X-ray is scattered through an angle of 90°. What is the energy of the X-ray after Compton

scattering? N

Given Data

e Incident X-ray energy, £ — 50 keV

e Scattering angle, @ — 90~

e Rest energy of electron, m.c® — 511 keV Solution:

To Find LI P ..
E' FE m.c?

Energy of scattered X-ray E’

Formula At — 907, cos90 =0
/
N — A= —(1-cosb) L.
et E’ 50 oll

he he 1
E=—, E . . = 0.

o = — = 0.02 + 0.001957 = 0.021957
1 1 1-cosf E = . 45.55 keV
P E= ma 0.021957
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