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Dual Nature of Radiation and Matter

GLIMPSES

1. Electron. It is an elementary particle having a
negative charge of 1.6x 10- 19 C and mass
9.1x 10- 31 kg.

Work function. The minimum amount of
energy required by an electron to just escape
from the metal surface is known as work
function of the metal. It is denoted by WOo

3. Electron emission. The phenomenon of emission
of electrons from a metal surface is called
electron emission. It is of the following types :

(I) Thermionic emission. Here electrons are
emitted from the metal surface with the
help of thermal energy.

(iz) Field or cold cathode emission. Electrons
are emitted from a metal surface by
subjecting it to a very high electric field.

(iil) Photoelectric emtsston. Electrons are
emitted from a metal surface with the help
of suitable electromagnetic radiations.

(iv) Secondary emission. Electrons are ejected
from a metal surface by striking fast
moving electrons over it.

4. Kinetic energy gained by an electron. When an
electron is accelerated from rest through a
potential difference of V volts, the gain in its
kinetic energy is.

eV.=l mv2
-i > 2

..

5. Electron volt (ey).It is the kinetic energy gained
by an electron when it is accelerated through a
potential difference .of 1 volt.

1eV =1.6x 10-19 J, 1 MeV =1.6 x 10-13 J
The work function of a metal is generally
measured in electron volt (eV).

6. Photons. According to Planck's quantum theory
of radiation, an electromagnetic wave travels in
the form of discrete packets of energy called
quanta. One quantum of light radiation is called
a photon. The main features of photons are as
follows:
(I) A photon travels with the speed of light.

(iz) The frequency of a photon does not change
as it travels from one medium to another.

(iil) The speed of a photon changes as it travels
through different media due to the change
in its wavelength.

(iv) The rest mass of a photon is zero i.e., a
photon cannot exist at rest.

(v) Energy of a photon, E = hv = hc .
A

(VI) Momentum of a photon, p = me = hv =!!..
e A

(viI) From Einstein's mass-energy relationship,
the equivalent mass m of a photon is given by

E = m? = hv or m = ~ .

7. Photoelectric effect. The phenomenon of
emission of electrons from a metal surface,
when electromagnetic radiations of sufficiently
high frequency are incident on it, is called
photoelectric effect. The photo (light)-generated
electrons are called photoelectrons.
Alkali metals like Li, Na, K, Ce show photo-
electric effect with visible light. Metals like Zn,
Cd, Mg respond to ultraviolet light.
Photoelectric effect involves the conversion of
light energy into electrical energy. It follows the
law of conservation of energy. It is an instan-
taneous process.

(11.61)
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8. Photoelectric current. The current constituted
by photoelectrons is called photoelectric
current. Its value depends on :
(I) the intensity of light~

(ii) the potential difference applied between
the two electrodes, and

(iil) the nature of the cathode material.

9. Cut off or stopping potential. It is the mini-
mum value of the negative potential that must
be appl~ed to the anode of photo-cell to make
the photoelectric current zero. It is denoted by
Va' Its value depends on : (i) the frequency of
incident light, and (il) the nature of the cathode
material. For a given frequency of incident light,
it is independent of its intensity. The stopping
potential is directly related to the kinetic energy
of the emitted electrons.

1 ?
~ax = 2' mV~ax = eVa

10. Threshold frequency. The minimum value of
the frequency of incident radiation below which
the photoelectric emission stops altogether is
called threshold frequency. It is denoted by VO'

and is a characteristic of the metal.

11. Laws of photoelectric effect. (I) For a given
metal and a radiation of fixed frequency, the
rate of emission of photoelectrons is
proportional to the intensity of incident
radiation. (i/) For every metal, there is a certain
minimum frequency below which no
photoelectrons are emitted, howsoever high is
the intensity of incident radiation. This
frequency is called threshold frequency. (iii) For
the radiation of frequency higher than the
threshold frequency, the maximum kinetic
energy of the photoelectrons is directly
proportional to the frequency of incident
radiation and is independent of the intensity of
incident radiation. (iv) The photoelectric
emission is an instantaneous process.

12. Failure of wave theory to explain photoelectric
effect. The classical wave theory of radiation
could not explain the main features of photo-
electric effect. Its picture of continuous absorption
of energy from radiation could not explain (I) the
independence of Kmax on intensity, (il) the existence
of threshold frequency v0 and (iil) the instant-
aneous nature of the phenomenon.

PHYSICS-XII

13. Einstein's theory of photoelectric effect.
Einstein explained photoelectric effect with the
help of Planck's quantum theory. When a
radiation of frequency v is incident on a metal .
surface, it is absorbed in the form of discrete
packets of energy called quanta or photons. A
part of energy hv of a photon is used in
removing the electron from the metal surface
and remaining energy is used in giving kinetic
energy to the photoelectron. Einstein's
photoelectric equation is

1 2
~ax =2' mvmax =eVo =hv - Wo = h (v -Yo)

where Wo is the work function of the metal and
Vo is the threshold frequency.
All the experimental observations can be
explained on the basis of Einstein's photo-
electric equation.

14. Compton scattering. It is the phenomenon of
increase in the wavelength of X-ray photons
which occurs when these radiations are scattered
on striking an electron. Then difference in the
wavelength of scattered and incident photons is
called Compton shift, which is given by

h
/).'k = - (1 - cos ~)

711l
where ~ is the angle of scattering 'of the X-ray
photon and 1110 is the rest mass of the electron.

15. Photocell. It is an arrangement which converts
light energy into electric energy. It works on the
principle of photoelectric effect. It is used in
cinematography for the reproduction of sound.

Photo-cells are used to operate various control
systems and in light measuring devices.

16. Dual nature of radiation. Light has dual nature.
It manifests itself as a wave in diffraction, inter-
ference, polarisation, etc., while it shows
particle nature in photoelectric effect, Compton
scattering, etc.

17. Dual nature of matter. As there is complete
equivalence between matter (mass) and radia-
tion (energy) and the principle of symmetry is
always obeyed, de Broglie suggested that
moving particles like protons, neutrons,
electrons, etc. should be associated with waves
known as de Broglie waves and their wavelength
is called de Broglie wavelength. The de Broglie
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wavelength of a particle of mass m moving with
velocity v is given by

A=!!.=~
P mv

where h is the Planck's constant. The de Broglie
wavelength is independent of the charge and
nature of the material particles. It has signi-
ficantly measurable values for sub-atomic
particles like electrons, protons, etc., due to
their small masses. For macroscopic objects of
everyday life, the de-Broglie wavelength is
extremely small, quite beyond measurement.

18. Davisson and Germer experiment. This electron
diffraction experiment has verified and con-
firmed the wave-nature of electrons.

19. de Broglie wavelength of an electron. The
wavelength associated with an electron beam
accelerated through a potential difference of V
volts is given by

A = h = 1.227 nm
.J2meV ..JV

20. Electron microscope. It is a device that exploits
the wave-nature of electrons to provide high
resolving power. It is used to investigate the
structural details of bacteria, viruses, etc. It has
proved to be a powerful tool of investigation for
research in science, technology, metallurgy,
industry, medicine, etc.

JEEAdvance ;

Multiple Choice Questions (a) I (b)
with one correct answer p

1. In a photoelectric experiment anode potential is q

plotted against plate current. T

I
V V

(e)

V

(a) A and Bwill have same intensities while B and
C will have different frequencies

(b) Band C will have different intensities while A

and Bwill have different frequencies

(e) A and Bwill have different intensities while B
and C will have equal frequencies

(d) Band C will have equal intensities while A and
Bwill have same frequencies. [lIT 2004]

2. Photoelectric effect experiments are performed
using three different metal plates p. q and r having
work functions 4>p =2D eV, 4>q =2.5eV and 4>, =3DeV,
respectively. A light -beam containing wavelengths of
550 nm, 450 nm and 350 nm with equal intensities
illuminates each of the plates. The correct I-V graph for
the experiment is [lIT 2009]

q

p

V V

3. The maximum kinetic energy of photoelectrons
emitted from a surface when photons of energy 6 eV
fall on it is 4 eV. The stopping potential, in volt, is

(a) 2 (b) 4

(c) 6 (d) 10 [lIT 1997]

4. A metal surface is illuminated by light of two
different wavelengths 248 nm and 310 nm. The
maximum speeds of the photoelectrons corresponding
to these wavelengths are ~ and Uz, respectively. If the
ratio ~: Uz = 2 :1 and he = 1240eV nm, the work
function of the metal is nearly

(a) 3.7 eV (b) 3.2 eV

(e) 2.8 eV (d) 2.5 eV [JEE Adv. 14]
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