
CHAPTER:  PHOTON  
According to Einstein's quantum theory of light, light is propagated in packets of small energy, called 

as photons. 
 Photons are the smallest packet of energy moving with speed of eight.  
 Photons are created due to vibrational motion of charged particles. However, photons are chargeless. 
 Frequency of photon is equal to the frequency of vibration of charged particles.  

If, 𝑓 =  𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑎 𝑝ℎ𝑜𝑡𝑜𝑛, then it's 𝑒𝑛𝑒𝑟𝑔𝑦 𝑬 =  𝒉𝒇  
 𝒉 =  𝑷𝒍𝒂𝒏𝒌ᇱ𝒔 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕, 𝒉 =  𝟔. 𝟔𝟐𝒙𝟏𝟎ି𝟑𝟒 𝑱𝑺.  

 If a light (or EM-radiation) contains ′𝑁′ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝ℎ𝑜𝑡𝑜𝑛𝑠, then  
Total energy of light is: 𝑬 = 𝑵𝒉𝒇  

 Energy of photon 𝑬 =  𝒉𝒇 = 𝒉
𝒉𝒄

𝝀
  ; 𝜆 =  𝑊𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑃ℎ𝑜𝑡𝑜𝑛.  

 Photons behave as particles. 
 Light possesses wave-particle dual behavior. 

o In Some cases (like reflection, refraction, dispersion, interference, diffraction, polarization), 
Light behaves as waves. 

o In Some other cases (like: Photoelectric effect, Compton effect, Raman effect), light behave 
as particles.  
→ Photon is the basic unit of all electromagnetic waves.  
→ Photons are always in motion.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Properties of photons: 
1. They have zero rest mass and zero rest energy - They only exist as moving particles. 
2. They are Chargeless. [Not affected by EM field]. 

3. They carry energy [𝑬 = 𝒉𝒇] and momentum [𝒑 = 𝒎𝒄] [Also, momentum: 𝒑 = 𝒉
𝝀ൗ ] 

4. The energy of a photon of frequency 𝑓:  𝑬 =  𝒉𝒇 = 𝒉
𝒉𝒄

𝝀
 

5. Mass of a photon is given by: 

𝒎 =
𝒉𝒇

𝒄𝟐
 

As radiations emitted from different sources have different frequencies, photons have different masses 
(also have different energies). 

Theoretically, mass of body will increase when it absorbs photon and mass of a body will decrease 
when it emits photon. Experimentally, the change in mass is negligible. 

 From Einstein’s relativistic theory, mass of a particle moving with velocity 𝒗 𝒊𝒔: 𝒎 =
𝒎𝒐

ට𝟏ି
𝒗𝟐

𝒄𝟐

  

For photon, 𝒗 = 𝒄, ∴ 𝒎𝒐 = 𝟎. The rest mass of photon is zero. 
6. Photons travel with the speed of electromagnetic radiation (or light) =  2.998 × 10଼ 𝑚/𝑠 (In 

vacuum) 
7. Photons exert force and pressure when incident on a surface. 
8. A photon is created due to the vibrational motion (SHM) of charged particles. 
9. Photons exhibit both particle and wave nature. 
10. The spin of photon is 1. 
11. The photons are the carriers (or mediators) of electromagnetic force. 
12. As a photon travels from one medium to another, it's velocity changes (maximum in vacuum). This 

change in velocity causes the change in wavelength but frequency remains the same. 
It obeys principle of conservation of energy. 

 

Photon as particle: 𝑬 = 𝒎𝒄𝟐 

Photon as wave: 𝑬 = 𝒉𝒇 


