Electron Emission

The phenomenon of emission of electrons from
the surface of a metal is called electron emission.

Terms Related to Electron Emission '

(1) Free Electrons In metals, the electrons in
the outer shells (valence electrons) are
loosely bound to the atoms, hence they are
free to move easily within the metal surface
but cannot leave the metal surface. Such
electrons are called free electrons.

(i7) Photoelectric Emission It is the
phenomenon of emission of electrons from

the surface of metal when light radiations of
suitable frequency fall onit. | =

(1i1) 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.
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where, v and ., are the threshold frequeney
and threshold wavelength, respectively.

1.1 Photoelectric Current

The phenomenon of emission of electrons from
the surface of metal, when a light beam of
suitable frequency is incident on it, is called -
photoelectric effect. The emitted electrons are
called photoelectrons and the current so

produced is called photoelectric current.

Observation of Photoelectric Effect
Hertz' Observation

The phenomenon of photoelectric emission was
discovered in 1887 by Heinrich Hertz during his
electromagnetic wave experiment. In his
experimental investigation on the production of
electromagnetic waves by means of spark across
the detector loop were enhanced when the emitter

plate was illuminated by ultraviolet light from an
arc lamp.

Work function, W= hv

Lenard’s Observation

Lenard observed that when ultraviolet radiation
were allowed to fall on emitter plate of an
evacuated glass tube enclosing two <?lectrodes,
current flows. As soon as, the ultraviolet
radiations were stopped, the current flows also
stopped. These observations indicate that when
ultraviolet radiations fall on the emitter plate,
electrons are ejected from it which are attracted

towards the positive plate by the electric field. The
phenomenon of emission of electrons from the
surface of a metal is called electron emission.

Effect of Intensity of Light on
Photoelectric Current
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prom the given graph, we observe that

(i) When all the photoelectrons reach the
plate 4, and if we increase potential
applied to collector further, then
photoelectric current does not increase,
this maximum value of photoelectric

current is known as saturation current.

(1) Cut-off Potential For a particular
frequency of incident radiation, the
minimum negative (retarding) potential
V, given to plate for which the
photoelectric current becomes zero, is
called cut-off or stopping potential.

KE_..=¢€V,
L. o
= Emvmax = €V0

NOTE Photoelectric current is zero whenever no
electron even the fastest photoelectrons cannot

reach the plate A. Hence, maximum kinetic
energy is given as Ko, =eV, =5mv,2nax

where, m is the mass of photoelectron and v
is the maximum velocity of emitted

photoelectron.

Effect of Frequency of Incident
Radiation on Stopping
Potential

We take radiations of different frequencies but
of same intensity. For each radiation, we study
the variation of photoelectric current against
the potential difference between the plates.
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Laws of Photoelectric Emission

The laws of photoelectric emission are as follow
(1) For a given material and frequency of incident

radiation, the photoelectric current or the
number of photoelectrons ejected per second is
directly proportional to the intensity %f /the

incident radiation.

For a given material and frequency of incident
radiation, saturation current is found to be
proportional to the intensity of incident
radiation, whereas the stopping potential is
independent of its intensity.

For a given material, there exists a certain
minimum frequency of the incident radiation
below which no emissions of photoelectrons
takes place. This frequency is called threshold
frequency or cut-off frequency of that
material. Above the threshold frequency, the
maximum kinetic energy of the emitted
photoelectron or equivalent stopping potential
is independent of intensity of incident light
but depends only upon the frequency (or
wavelength) of the incident light.

The photoelectric emission is an instantaneous
process. The time lag between the incidence of
radiations and emission of photoelectron is

very small, less than even 107’ s.

(711)

Einstein Photoelectric Equation

Energy quantum of radiation, K., = /v — ¢,
where, hv = energy of photon and ¢ = work function

NOTE According to Planck’s quantum theory, light radiations
consist of tiny packets of energy called quanta. One
quantum of light radiation is called a photon which

travels with the speed of light.

Relation between Stopping
Potential (V,) and Threshold
Frequency [vO]

We know that iv=KE .. + W,

where, W, = work function



KE . =hv-W, also, W,;=hv,
KE =hv-hvy = KE ., =h(v-V)
h
Vo=h(V=Vy = Vp= ;(v - Vo)
[ KE,. ., = €V,]
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For photoelectric emission A < A, and v > v,,.

Important Graphs Related to
Photoelectric Effect

(1) Graph between frequency (v) and stopping
potential V;, we know that
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(i) Frequency (V) versus maximum kinetic
energy graph KE, .. =hv - ¢,
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(7ii) Frequency (Vv) versus photoelectric current
(I) graph. This graph shows that the
photoelectric current (I) is independent of
frequency of the incident light till intensity
remains constant.
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(iv) Intensity versus stopping potential (v,

raph
grap Vo

Stopping potential

0] Intensity

(v) Photoelectric current (I) versus time lag
(t) graph is given by
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1.2 Particle Nature of Light: The
Photon

Photoelectric effect thus gave evidence that light
consists of packets of energy. These packets of
chergy are called light quantum that are
associated with particles nameq as photons. So,
photons confirm the Particle nature of light.
Energy of photon is given by E = py = b

and the momentum of photon is given by A
p = E — & = ﬁ
CR A 0
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(if) A photon travels at a speed of light ¢ in
vacuum (i.e. 3 x10%m/s).

(iii) It has zero rest mass, i.e. the photon
cannot exist at rest. According to the
theory of relativity, the mass m of a particle
moving with velocity v, comparable with
the velocity of light ¢ is given by

m, v

where, m, is the rest mass of the particle.
As, a photon moves with the speed of light,

Le.v=c, hence, m, =0. So, rest mass of
photon is zero.

(iv) The inertial mass of a photon is given by
E K

(v) Photons travel in a straight line.

(vi) Irrespective of the intensity of radiation, all
the photons of a particular frequency v or
wavelength A have the same energy

E (= hv = %) and momentum,
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(vii) Energy of a photon depends upon frequency

of the photon, so the energy of the photon -

does not change when photon travels from
one medium to another. ~

(viii)Wavelength of the photon changes in
different media, so velocity of a photon is
different in different media.

(ix) Photons are not deflected by electric and
magnetic fields. This shows that photons
are electrically neutral.

(x) In a photon-particle collision (such as
photoelectron collision), the enefgxand
momentum are conserved.
However, the number of photons may not
be conserved in a collision.

(xi) Photons may show diffraction under given
conditions.

1.3 Photocell

It is a device which converts light energy into
electrical energy. It is also called an electric eye.
As, the photoelectric current set up in the
photoelectric cell corresponding to incident light
provides the information about the objects as has
been seen by our eye in the presence of light.

Incident
light
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Photocell

A photocell consists of a semi-cylindrical

photosensitive metal plate C (emitter) and a wire
loop A (collector) supported in an evacuated glass
or quartz bulb. When light of suitable wavelength
falls on the emitter C, photoelectrons are emitted.

Applications of Photocell

Some applications of photocell are given below: ‘j\

(1) Used in television camera for telecasting |
scenes and in photo telegraphy.

(11) Reproduction of sound in cinema film.

(7i1) Used in counting devices.

(7v) Used in burglar alarm and fire alarm.

(v) To measure the temperature of stars.

(vi) In paper industry to measure the thickness of

paper.

(vii) To locate flaws or holes in the finished goods.
(viif) To determine opacity of solids and liquids.

(ix) Automatic switching of street lights.

(x) Used as photoelectric sensors.

(xi) To control the temperature of furnace.

(xit) Used for the determination of Planck’s
constant.
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2.2 Wave Nature of Particles
(de-Broglie Hypothesis)
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de-Broglie Mmatter wave equation is given by
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where, p = momentum (particle nature),
1 =mass, v = velocity of moving particle,
= wavelength associated with the particle
and K = kinetic energy of the particle.

Relation between de-Broglie
Wavelength (1) and Temperature (T)

From kinetic theory of matter, the average kinetic
energy of a particle at a given temperature T
kelvin is given by
K= ikt where, k= Boltzmann constant.
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If a particle of mass m moving with velocity v,

1
then its kinetic energy, k= Emv2
Momentum of particle is
p=mv=+2mk = [2m x%kT = \3mkT

h
3 mkT

h
de-Broglie wavelength, A = ; =

23 de-Broglie Wavelength of an
| Electron
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The wavelength associated with moving particle is
given by
h
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If accelerated particle is electron, then

h
by W/ZeVme '
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where, m,=mass of electron or A\ = A for
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electron beam.

Davisson-Germer EXperiment

The wave nature of electron was verified by
Davisson-Germer experiment in 1927. The —

experimental arrangementis shown in the figure.
It consists of an electron g

tungsten filament F coated wi
heated by a low voltage p
emitted by the filament
velocity by applying suit
voltage power supply.

Ower supply. Electrons
are accelerated to a desired
able potential from a high






