Photo-electric Effect

Electrovolt, eV

The electrovolt is a unit of energy.  It is equal to the kinetic energy gained by an electron after acceleration by a p.d. of 1 volt. 

W = Q.V.

W = work done when a particle of change Q moves through a p.d. of V.

W = 1.6 x 10-10 C x 1 V

    = 1.6 x 10-19 J

W = K.E.

Le V = 1.6 x 10-19 J 

In late 1880s Hallwachs, Leonard and other discovered the phenomenon of photoelectric effect.  The effect is given by zinc when exposed to X-rays or UV light.  Photoelectric effect is known as photoelectric emission.  In photoelectric emission electrons are ejected from metal surfaces when electromagnetic radiation of right frequency falls on them.  This effect was not explained until the electron had been discovered by J.J. Tonson almost 10 years later. 

Early demonstration of photoelectric effect.


*Photon theory of light OR particle theory of light. (proposed by Einstein)  The phenomenon of photoelectric effect can explain only in terms of particle nature of light.  The particle of light are called photons. 

(* Basic idea given by Planck in 1900 – 1901 and further consolidated by Einstein.

Some important properties of photons
a) A photon travels a speed

C = 3.0 x 108 m/s in vacuum.

b) The rest mass of a photon is zero.

c) Each photon has a definite energy and a definite lined momention.

d) Photons have the frequency and wavelength of the light, constituted by them (wave theory of light)

Therefore E = hV
E = energy of the photon




V = frequency




H = Plank's const.

E = mc2 ( E = mc. <

( E = pc            ; p = e/c

( p = hv/c = h/(
h = 6.626 x 10-34 Js

e) A photon may caltide with a material particle.  The total energy and total momentom remain conserved in such a collision.  A photon may get absorbed and/or a new photon may be emitted.  I.e. number of photons may not be conserved.

f) If the intensity of light is increased, there is an increase in the number of photons crossing a given area in a given time.  Energy of each photon remains same.

Fact, about photoelectic emission

i) For a given metal there is a certain minimum frequency of incident radiations called the threshold frequency, below which no emission occurs irrespective of intensity of the radiation.  As for example, for Zn, the threshold frequency is in UV.  For Na, the threshold frequency is in the yellow region of vis light.

ii) Emission begins at the instant the metal surface is irradiated.

iii) If the incident radiation is of a single frequency (above the threshold frequency), the number of  electrons emitted per second is properties proportional to the intensity of the radiation N( I

iv) The emitted electrons have various kinetic energy, ranging from zero upto some maximum value, which increases as the frequency of radiation increases.

v) The intensity of the radiation has no effect on the kinetic energies of emitted electrons, but affect the number of electrons. 

What wave theory of light can explain?

N ( I It can explain why the number of emitted electron increases as the light intensity increases.

It cannot explain why:

a) the kinetic energy of emitted electrons is independent of light intensity and

b) Why there should a minimum frequency is required for emission of electrons. 

Einstein's Photoelectric Equation

To take into account the phenomenon of photoelectric emission Einstein proposed a new equation

hf = W + ½ mv2

hf = energy of incident photon


W = work function of the metal surface is the minimum amount of energy that has to be given to an electron to release it from the surface.

½ mv2 = the maximum kinetic energy of the emitted electrons.

If hf < W, then there is not sufficient energy to eject an electron, i.e. the threshold frequency, fo, is given by hfo = W  For minimum frequency fo, the corresponding maximum wavelength (o is given by h (c/(o) = W.

Stopping Potential

It is that negative potential difference, Vs which just stops the electrons with maximum energy from reaching an electron collector (anode).

Two metal plates C and A are sealer in a vacuum container.  Light of appropriate frequency falls on C which is called cathode or emitter.  Electrons are emitted by C and collected by A called anode or collector.  The potential difference between C and A can be changed with the help of batteries, rheostat and commutator.  The anode potential can be made +ve or –ve w.r.t. the cathode.  The electrons collected by A flow through the ammeter, batteries etc. and are back to C; an electric current is established in the circuit.  Such a current is called a photocurrent. 

When the anode, A is given a positive potential w.r.t. cathode, electrons are attracted towards anode and the photocurrent increases.  If the potential of A is gradually increased, photocurrent also increase and finally becomes constant and is known as saturation current.

If the potential of the anode is made negative w.r.t. cathode, C, then the electrons are repelled by A and the photocurrent decreases.  At a certary value of this negative potential, Vs the photocurrent is totally stopped.  The smallest value of the anode potential which just stops the photocurrent is called stopping potential.

The stopping potential is related to maximum kinetic energy of the ejected electrons. 


The stopping potential, Vs is 

a) proportional to maximum kinetic energy of ejected electron

b) proportional to the frequency of radiation and 

c) independent of intensity of radiation


MILLIKAN'S Expt. To verify Einstein's

Photoelectric equation

In 1916 Millikan carried out a series of experiments which completely verified Einstein's theory.  He tested Einstin's equation by irradialing Na, Like, each of which has a loosely bound electron and they exhibits photoelectric effect over a wide range of visible frequencies.  To keep metal surfaces clean the apparatus was evaluated to prevent oxide formation and any oxide formed was removed with a knife, B.

The target material was irradiated with a monochromatic light.  Emitted electrons were collected by the electrode (A) and the resulting photo current was measured by E.  By applying a positive potential to the target metal, Millikan was able to slow down the electrons and thus current was decreased.  He gradually increased the positive potential of metal target until the current fell to zero.  The minimum potential which reduces the current to zero is called stopping potential, Vs.

The work done by an electron in moving against the potential is evs.  Since the work done is done at the expense of the kinetic energy of the electron.


EVs = ½ mV2
Einsteins photoelectric Equation


hf = W + 1/2 mv2

hf = W + eVs or Vs = (h/e)f – w/e

Thus, for any given target material, a plot of Vs against f is linear if Einstein photoelectric equation is correct.  Millikan irridated each sample (Na, li, K) with beams of different frequencies and measured the corresponding stopping potentials.  For each metal he  obtained a linear graph shown in here.  He also determined an acurate value of h.  and provided values of work functions of metals used. 
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