
• Wave nature of electromagnetic radiation

• Electromagnetic spectrum 

• Black-body radiation and properties of an 

ideal black body

• Dual nature of electromagnetic radiation

• Planck’s quantum theory

• Photoelectric effect

• Threshold frequency and Threshold energy

• Factors affecting the intensity of emission of a 

photoelectron

• Photocurrent vs Frequency curve

• Photocurrent vs Collector potential curve

What you will learn

Photoelectric Effect

Photoelectric effect was discovered by Heinrich Hertz.

Photoelectric effect: The phenomenon in which a beam of light of sufficient frequency falls on a 
metal surface, and electrons are ejected from the metal is known as photoelectric effect.

Photoelectrons: The electrons ejected from the metal surface are known as photoelectrons.

Photocurrent: It is the charge flow per unit time due to the movement of ejected photoelectrons. 
It is proportional to the number of photoelectrons ejected per unit time. 
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What you already know  

• In the above experiment, a beam of light 
of suitable frequency is incident on the 
metal surface and electrons are ejected 
from the metal. 

• The ejected electrons are attracted by 
the positive electrode.

• Electrons are ejected as soon as the 
beam of light of sufficient frequency 
strikes the metal surface.

• Photoelectric current is observed with 
the help of an ammeter. It shows a 
 deflection when a beam of light falls on 
the metal surface.

Fig. 1: Equipment for studying photoelectric effect

Threshold frequency: It is the minimum frequency of the incident radiation required for the 
 ejection of electrons from a metallic surface. All the frequencies above this frequency will result 
in the emission of electrons.
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Threshold wavelength: It is the maximum wavelength of the incident radiation required for the 
ejection of electrons from a metallic surface. All the wavelengths below this wavelength will result 
in the emission of electrons.

Threshold energy: It is the minimum energy of the incident radiation required for the ejection of 
electrons from a metallic surface. All the energies above this energy will result in the emission of 
electrons. This threshold energy is also called the work function of the metal and each metal has 
its own characteristic work function.

Where,
E

o
 is the threshold energy,

𝝂
o
 is the threshold frequency,

And 𝝀
o
 is the threshold wavelength. 

When 𝝂
incident

 < 𝝂
o
, ejection of electrons does not take place regardless of the intensity of the 

 incident radiation.
Even at low light intensities, electrons are ejected immediately if 𝝂 incident 

> 𝝂
o
.

The number of ejected electrons depends on the intensity of the light used.
Photoelectric effect confirms the particle nature of light.

ν
λo o

o

hcE = h =

Einstein’s Photoelectric Equation

Work function (Φ): It is the minimum energy required for the ejection of electrons from a metallic 
surface. It purely depends upon the metal i.e., it has different values for different metals.

Maximum K.E. of photoelectrons = Incident energy - Work function

In terms of the law of conservation of energy, 

( )

( )

max

max

ν ν

λ λ
  
  

   

o

o

K.E. = h - h

c cK.E. = h - h

( )

( )

incident

2
o

E = + K.E.

1h = h + × massof photoelectron × velocity
2

Φ

ν ν
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Plotting Kinetic Energy vs Frequency

Kinetic energy max = h𝝂 - h𝝂
o

K.E.
max

 = h(𝝂 - 𝝂
o
)     ….(1)

It is similar to the mathematical equation
y = mx + C    …..(2)

Comparing the equations (1) and (2),
y- axis coordinate (y) = K.E.

max

Slope (m) = h (Planck’s constant)
x-axis coordinate (x) = 𝝂 (intensity)
y-axis intercept (c) = -h𝝂

o

The magnitude of 𝝂
o
 depends on the work 

function of the metal. 

Step 1: Writing the equation of photoelectric effect.
K.E.

max
 = h𝝂 - h𝝂

o

Or K.E. = h(𝝂 - 𝝂)
o

Step 2: Substituting the values in the equation.
K.E. = 6.626 × 10-34 × (1.1 × 1015 - 6 × 1014)
K.E. = 3.313 × 10-19 J

Step 3: Converting joule into electron volt.

𝝂
0

K
in

e
ti

c 
e

n
e

rg
y

Frequency
c = -h𝝂

o

Fig. 2: Frequency vs Kinetic energy curve

Calculating the kinetic energy of the ejected electron

Comparing work function with energy of the incident radiation

The threshold frequency (𝝂
0
) of a metal is 6 × 1014 s–1. Calculate the kinetic energy of an electron 

emitted when a radiation of frequency 1.1 × 1015 s–1 hits the metal.

The work function (𝛟) of some metals is listed below. Find the number of metals that will show 
photoelectric effect when a light of 300 nm wavelength falls on the metal.

Li

2.4 2.3 2.2 3.7 4.8 4.3 4.7 6.3 4.75

Na K Mg Cu Ag Fe Pt WMetal

𝛟 (eV)

Solution

( )19

19

3.313 10
1.6 10

2.071 eV

−

−

×
=

×
=

K.E.
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Step 1: Calculating the energy of the 
incident photon.

Energy of the incident photon 

Statement a 
Kinetic energy of photoelectrons = h(ν - ν

o
)

From the above relation it is clear that the kinetic energy of the ejected photoelectron does not 
depend on the intensity of the incident radiation. So, statement a is true. 

Statement b 
Photoelectrons are ejected from a metal only the when incident radiations have frequencies 
greater than the threshold frequency. This serves as evidence for the quantum nature of light. If 
light was continuous, even lower frequencies could have caused photoemission. So, statement 
b is true.

Statement c 
The number of photoelectrons ejected depends on the intensity of the incident radiation. More 
 intensity would means more photons which in turn translates to more photoelectrons. So,  statement 
c is true.

Statement d 
Kinetic energy of photoelectrons = h(ν - ν

o
)

From the above relation it is clear that the kinetic energy of the emitted photoelectrons depends 
on the frequency of the incident radiation. In the above relation, ν is the frequency of the incident 
radiation and ν

o
 is the threshold frequency of the metal. So, statement d is true.

Hence, all the options (a), (b), (c) and (d) are correct

Step 2: Comparing the incident energy of the  photon 
and the work functions of the metals.

The work functions of Li, Na, K and Mg are less than the 
energy of the incident radiation and therefore will show 
photoelectric effect.

So, 4 out of the 9 given metals will show  photoelectric 
effect.

Solution

Solution

12400

12400 4.133
3000

ch

eV

eV
A

λ

λ

°

 =  
 

=

= =

E

Finding the correct statements based on photoelectric effect.

Which of the following statements is/are true in the context of photoelectric effect?

 (a)  The kinetic energy of the ejected electron is independent of the intensity of the incident 
radiation.

 (b) It provides evidence for the quantum nature of light..
 (c) The number of photoelectrons ejected depends upon the intensity of the incident radiation.
 (d)  The kinetic energy of the ejected electron depends on the frequency of the incident  radiation.
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Acceleration and Deceleration of Charged Particles

e_ is released from the positive 
plate with some kinetic energy

Attraction due to +ve charged 
decelerates the e_

e_ experience repulsion from 
-ve plate

Kinetic energy of e_  decreases 
due to repulsion by the -ve 
plate and its potential energy 
increases

Fig. 3: Electron is released from positive 
plate with some kinetic energy

Fig. 4: Kinetic energy of the electron 
 decreases as it reaches closer to the negative 
plate because the electron experiences both 
attraction by the positively charged plate and 

repulsion from the negative plate.

- -++

• Positive charge: It moves from a higher potential to a lower potential.

• Negative charge: It moves from a lower potential to a higher potential.

Potential difference between the plates = V

Charge on the photoelectron = e

Potential energy gained by the retarding photoelectron = q × V 

                                                                                                  = e × V

Stopping Potential (V
s
)

Fig. 5: Photocurrent is established when the metal positive plate is illuminated

• Knocking electrons out further increases positive potential on the plate. Plus the applied 
negative potential on the collector plate repels the ejected electrons. Some of the electrons 
are of high kinetic energy and hence, would still manage to reach the collector plate. 

• Keep in mind that this experiment does not create electrons out of light. It just uses the 
 energy of the light to push electrons out of the metal, thereby completing the circuit.
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Step 1: Finding the potential difference between the plates.

Potential difference = 5 V - 10 V = -5 V

Step 2: Calculating the change in kinetic energy till the proton reaches the opposite plate. 

Charge on the proton = e

So, decelerating kinetic energy = e x (-5 V) = -5 eV

Step 3: Calculating the sum of the initial kinetic energy and the accelerating kinetic energy.

K.E. of the proton just before it strikes the opposite plate = -5 eV + 7 eV = 2 eV

Hence, K.E. of proton just before it strikes the opposite plate is 2 eV.

Solution

Accelerating Potential Voltage (V)

• The photoelectric current generated by this means is quite small, but could be measured 
with a microammeter (a sensitive galvanometer with a maximum deflection of only a few 
microamps).

• When the power supply is set to a low voltage, it traps the least energetic electrons,  reducing 
the current passing through the microammeter.

• Increasing the voltage drives the more energetic electrons back, until none of them are able 
to leave the metal surface and the microammeter reads zero. The potential at which this 
occurs is known as the stopping potential.

The minimum opposing potential required to stop the photoelectron from having the maximum 
kinetic energy is as follows:

e × V
s
 = K.E.

(max)
 (maximum kinetic energy of photoelectron)

It is the voltage (V) applied to increase the kinetic energy of the emitted electrons (in eV).
The kinetic energy of the photoelectron emitted lies in the range of eV to eV + eV

s 
(V

s
 denotes 

stopping potential).
Minimum kinetic energy of a photoelectron = eV (When K.E. of ejected electron =0)
Maximum kinetic energy of photoelectrons = (eV

s
 + eV) (When K.E. of ejected electron

                = K.E.
(max)

 = eV
s
)

Calculating the kinetic energy of a proton in a given electric field

A proton is hypothetically set free from a plate of 5 V with a kinetic energy of 7 eV. If the opposite 
plate is marked as 10 V, find the kinetic energy of the proton just before the proton strikes the 
opposite plate. 

© 2020, BYJU'S. All rights reserved

06



Step 2: Calculating the change in kinetic energy till the alpha particle strikes the opposite plate.

Charge on the ⍺-particle = 2 e

So, accelerating kinetic energy = 2 e x (2 V) = 4 eV

Step 3: Calculating the sum of the initial kinetic energy and the accelerating kinetic energy.

K.E. of the ɑ-particle just before it strikes opposite plate = 4 eV + 7 eV = 11 eV

Hence, K.E. of alpha particle just before it strikes the opposite plate is 11 eV.

Step 1: Finding the potential difference between the plates.

Potential difference = 5 V - 10 V = -5 V

Step 2: Calculating the change in kinetic energy till the electron reaches the opposite plate.

Charge on the electron = -e

So, accelerating kinetic energy = -e x (-5 V) = 5 eV

Step 3: Calculating the sum of the initial kinetic energy and the accelerating kinetic energy.

K.E. of the electron just before it strikes opposite plate = 5 eV + 7 eV = 12 eV

Hence, K.E. of electron just before it strike the opposite plate is 12 eV.

Step 1: Finding the potential difference between the plates. 

Potential difference = 12 V - 10 V = 2 V

Solution

Solution

Calculating the kinetic energy of an electron in a given electric field.

Calculating the kinetic energy of an alpha particle in the given electric field.

An electron is hypothetically set free from a plate of 5 V with a K.E of 7 eV. If the opposite plate is 
marked as 10 V, find the kinetic energy of the electron just before the electron strikes the opposite 
plate.

An ⍺-particle is hypothetically set free from a plate of 12 V with a kinetic energy of 7 eV. If the 
 opposite plate is marked as 10 V, find the kinetic energy of the ⍺-particle just before the ⍺-particle 
strikes the opposite plate.

© 2020, BYJU'S. All rights reserved
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Variation of Photocurrent with Intensity

The number of photoelectrons emitted increases with the increase in intensity of the incident 
 radiation on the metal plate.

Number of photoelectrons emitted ∝ Intensity of the incident radiation

The dotted arrows represent only the direction of motion of emmited photoelectrons and not the 
magnitude.

Light source

Light source

Light source

photoelectrons

photoelectrons

photoelectrons

Fig. 6: Number of photoelectrons varying with the intensity of the incident 
radiation on the metal plate

Note

Increasing the energy of the incident radiation does not increase the number of  photoelectrons 
emitted, instead it increases the kinetic energy of the photoelectrons emitted.
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Photocurrent vs Frequency of the Radiation

Number of photoelectrons emitted ∝ Intensity of the incident radiation

• The frequency of the incident light actually shows the energy of the incident photon. 
• More the energy of the incident photon, more will be the kinetic energy of the ejected electron 

from the metal.

Let us look into this. Consider a metal with a threshold energy (minimum energy that should 
be possessed by the incident light/photon to cause an emission of electrons from the metal 
surface) ‘x’. If a light of energy greater than or equal to x strikes the metal surface, it will cause 
an  emission of electrons from the metal surface. Greater the energy of radiation, greater will be 
 kinetic energy of ejected electrons as

K.E.
max

 = h (𝝂 - x) 

P
h

o
to

cu
rr

e
n

t 
(I)

Frequency

Fig. 7: Graph between 
 photocurrent and frequency

Frequency does not have any effect on the intensity of the photocurrent

• Photocurrent is the charge of photoelectrons 
 flowing per unit time. 

• The number of photoelectrons emitted is 
 directly proportional to the intensity of the 
 incident radiation.

Number of photoelectrons emitted ∝ Intensity of the incident radiation
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Stopping potential Saturation Current

Collector Plate Potential

0-V
o

Retarding Potential

I : Intensity

l
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2
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l
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l
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l
1

Fig. 8: Photocurrent vs collector plate potential for different incident intensities.
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Fig. 9: Photocurrent vs collector plate potential for different incident frequencies. 

• Frequency of the incident radiation should be more than the threshold frequency for 
 photoelectric effect to occur.

• Intensity does not play any role in increasing or decreasing the energy of the  ejected 
 photoelectrons.

From the plot, it is clear that saturation current, the maximum photocurrent produced, is 
 independent of incident frequency. Also, higher frequency leads to higher kinetic energy of 
 ejected electrons which implies that stopping potential would increase in magnitude as well. In the 
above graph (Fig. 9), -V

01
, -V

02
, -V

03
 are the stopping potentials corresponding to the frequencies  

ν
1
, ν

2
, ν

3
 respectively, where ν

3
 > ν

2
 > ν

1
 .

ν > ν
o
   (Incident frequency > Threshold frequency)

ν
3 
>

 
ν

2 
>

 
ν

1

-V
03

-V
02

-V
01

0

ν
3 ν

2 ν
1

The detected photocurrent plotted against the applied potential difference shows that for any 
intensity of the incident radiation, the value of stopping  potential is always the same 

eV
s
 = K.E.

(max)
 = h( ν - ν

o
 )

 
Where K.E.

(max)
= Maximum kinetic energy of the electrons

                   V
s
 = Stopping potential

                     ν = Frequency of the incident radiation
                    ν

o
 = Threshold frequency

• From the above relation, it is clear that by increasing ν, (incident frequency) stopping 
 potential (V

s
) increases. 

© 2020, BYJU'S. All rights reserved
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Statement a
K.E.

(max)
=  h(𝝂 - 𝝂

o
)

The above relation gives the maximum kinetic energy of the electrons ejected from the metal 
 surface. The kinetic energy of the photoelectrons varies from 0 to K.E.

max
. Most of the  photoelectrons 

collide (several times) with the other electrons (that are moving around with random velocities; re-
call that metals are generally electrically conductive, i.e., having abundant free electrons) within 
the metal. Thus, photoelectrons lose some fraction of their kinetic energy in such collisions before 
they are ejected out of the metal. 
So, statement a is wrong.

Statement b 
The kinetic energy of photoelectrons vary from 0 to K.E.

(max)
. Most of the photoelectrons first  collide 

(several times) with the other electrons (that are moving around with random velocities; recall that 
metals are generally electrically conductive, i.e., having abundant free electrons) within the metal. 
These photoelectrons lose some fraction of their kinetic energy in such collisions before they are 
emitted out of the metal.
So, statement b is correct.

Finding the correct statements based on the incident frequency of photons and the 
threshold frequency of a metal

Photons of frequency (𝝂) fall on the surface of a metal whose threshold frequency is 𝝂
o
. Which of 

the following statements is/are correct? 

(a) All ejected electrons have the same kinetic energy h(𝝂 - 𝝂
o
).

(b) The ejected electrons have a distribution of kinetic energies ranging from zero to h(𝝂 - 𝝂
o
).

(c) The most energetic electron has a kinetic energy equal to h(𝝂 - 𝝂
o
).

(d) The average kinetic energy of the ejected electrons is h(𝝂 - 𝝂
o
).

Solution

Statement c
K.E.

(max)
 = h(𝝂 - 𝝂

o
)

Where K.E.
(max)

= Maximum kinetic energy of the ejected photoelectron
So, statement c is correct.

Statement d 
h(𝝂 - 𝝂

o
) is the maximum kinetic energy and hence cannot be the average kinetic energy. There is 

no specific formula for calculating the average kinetic energy of the ejected photoelectrons. 
So, statement d is wrong.

Hence, options (b) and (c) are correct

© 2020, BYJU'S. All rights reserved
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Step 1: Finding the maximum kinetic energy, i.e., K.E.
(max)

.

Step 2: Calculating the maximum velocity using the formula for kinetic energy.

Hence, correct option is (c).

Finding the maximum speed of the ejected electrons from the threshold wavelength, 
wavelength of the incident light and mass of the electron. 

If λ
o
 is the threshold wavelength for the photoelectric emission from a metal surface, λ is the 

wavelength of light falling on the surface of  metal, and m is the mass of the electron, then find 
the maximum speed of the ejected electrons.

Solution

( ) ( ) ( ) ( )
1 11 1
2 22 2 0 0

0 0
0 0

λ λ λ λ
λ λ λ λ

λ λ λ λ
− −      − − × ×             

2h 2hc 2hc 2h
m m m m

(a) (b) (c) (d)

( )

( )

λ λ

λ λ

λ λ
λ λ

 
 
 

max
0

0

0

0

hc hcK.E. = -

1 1= hc -

hc -
=

( )
( )

( )
( )

( )
( )

2
max

max

1
2

max

1
2

0

0

02

0

0

0

hc -
mv

hc -
v

-2hcv
m

=

=

 
= × 
 

λ λ
λ λ
λ λ
λ λ

λ λ
λ λ

Summary

• Photoelectric effect is a phenomenon in which the ejection of electrons occurs when a beam of 
light of a characteristic minimum frequency (Threshold frequency) is incident on a metal surface.

• Photoelectrons are the electrons ejected from the metal surface when an electromagnetic 
 radiation of sufficient energy strikes the metal surface.

• Threshold frequency is the minimum frequency required for the ejection of electrons from a 
metallic surface. All the frequencies above this frequency will result in the emission of electrons.

© 2020, BYJU'S. All rights reserved
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• Threshold wavelength is the maximum wavelength which can cause the ejection of electrons 
from a metallic surface. All the wavelengths below this characteristic value will result in the 
emission of electrons.

• Threshold energy is the minimum energy required for the ejection of electrons from a metallic 
surface. All the energies above this energy will result in the emission of electrons.

Where,
E

o
 is threshold energy,

𝝂
o
 is threshold frequency,

And λ
o
 is threshold wavelength

• Each metal has its very own characteristic threshold energy (work function). 
• When (𝝂

incident
< 𝝂

o
), no ejection of electrons takes place regardless of the intensity of the incident 

light.
• When (𝝂

incident 
> 𝝂

o
), electrons are ejected immediately even at low intensities. 

• The number of electrons ejected depends on the intensity of the incident light.
• Photoelectric effect confirms the particle nature of the light.
• Work function (Φ) is defined as the minimum energy required for the ejection of electrons from 

a metallic surface. It purely depends upon the metal, i.e., it has different values for different 
metals.

Maximum kinetic energy of photoelectrons = Incident energy - Work function

where 
h𝝂

o
 = work function (Φ)

K.E.
 (max)

 = maximum kinetic energy 

In terms of the law of conservation of energy,
E

 (incident) 
= Φ + K.E.

h𝝂 = h𝝂
o 
+ 

1
2

 × (mass of the photoelectron) × velocity2

o o
o

cE = h = h
 
 
 λ

ν

( ) ν ν

λ λ
  
  

   

omax

o

K.E. = h - h

c c= h - h

• A positive charge moves from a higher potential to a lower potential and a negative charge 
moves from a lower potential to a higher potential.

• Stopping potential (V
s
) is the minimum opposing potential required to stop the photoelectron 

having the maximum kinetic energy from reaching the collector plate.
e x V

s
 = K.E.

(max)
 (maximum kinetic energy of the photoelectron)

• The Voltage (V) applied to increase the kinetic energy of the emitted electrons (by eV) is known 
as accelerating potential (V).

• The number of photoelectrons emitted from the metal surface increases with the increase in 
intensity of the incident radiation.

Number of photoelectrons emitted ∝ Intensity of incident radiation

• Photocurrent is the number of photoelectrons flowing per unit time.
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• The frequency of the incident light actually shows the energy of the incident photon. 
• More the energy of the incident photon, more will be the kinetic energy of the ejected electron 

from the metal.
• The relationship between the stopping potential and the maximum kinetic energy can be 

 expressed as: 
      eV

s
 = K.E.

(max)
 = h(ν - ν

o
)

Where, K.E.
(max)

 = Maximum kinetic energy of electrons

                       V
s
 = Stopping potential

                         ν = Frequency of the incident radiation
                       ν

o
 = Threshold frequency
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