
2.4 DUAL NATURE OF RADIATION 

In order to explain several phenomena like interference, diffraction and 

polarization, it is necessary to assume that electromagnetic radiation has wave 

nature. 

To explain the observed results connected with the interaction of radiation with 

matter, such as the blackbody radiation, the photoelectric effect and the Compton 

effect, it becomes necessary to assume that radiation has particle nature—it is 

emitted or absorbed in the form of discrete quanta called photons. Thus, we have to 

accept the paradoxical situation that radiation has dual nature. 

1.4 ATOMIC SPECTRA 

• All elements in atomic state emit line spectra.  

• A line spectrum consists of narrow bright lines separated by dark intervals.  

• It is characteristic of the atoms of the element which emits it.  

• This makes spectroscopy a very important tool of chemical analysis because 

measurement of the wavelengths emitted by a material allows us to identify 

the elements present in it, even in very small amounts. 

• It was found that the wavelengths present in the atomic spectrum of an 

element fall into sets which exhibit some definite pattern. Such a set is called 

a spectral series. 

• In 1885, Johann Balmer showed that the wavelengths of all the spectral lines 

of the hydrogen atom known till then could be expressed by the formula 

 



The constant R is known as the Rydberg constant. Its value is 1.097 × 107𝑚−1. 

This set of lines lies in the visible part of the electromagnetic spectrum and is 

called the Balmer series. 

Other series of lines were discovered for the hydrogen atom in different regions of 

the electromagnetic spectrum. 
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1.5 BOHR MODEL OF HYDROGENIC ATOMS 

In 1913, a major step forward was taken by Niels Bohr. He suggested that the 

classical electromagnetic theory is not applicable to the processes at the atomic 

scale. He then combined Rutherford’s nuclear model with the quantum idea of 

Planck and Einstein to develop a theory of hydrogenic atoms. These are also called 

hydrogen-like atoms. The theory was remarkably successful in explaining the 

observed spectrum of hydrogen. 

 

 



 

 

The expressions for the radius of the nth Bohr orbit and the speed of the electron in 

this orbit, respectively, as 
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This shows that the energy of the ground state of hydrogen is  )–13.6 eV(.  

The negative sign indicates that the electron is bound. 

The minimum energy required to movere the electron from the ground state of  

hydrogen atom is 13.6 eV. This energy is, therefore, called the ionization energy  of 

the hydrogen atom. 

Frequency and Wavelength of the Radiation in the Transition 𝒏𝟏 → 𝒏𝟐 

From Bohr theory; 

…(1.25) 



This equation gives the frequency of the radiation emitted when the electron makes 

a transition from an orbit of higher energy with quantum number 𝑛2 to one of 

lower energy with quantum number 𝑛1: 

 

And by using;  

 

Then the frequency of the radiation emitted is, 

 

 

  

 

 

The constant 𝑅∞ is obviously the Rydberg constant. (𝑅∞ empirical value 

1.09737 × 107𝑚−1) 

1.6  EXPLANATION OF THE HYDROGEN SPECTRUM 
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If we put 𝑧 = 1, 𝑛1 = 1 and 𝑛2 = 2, 3, 4, … in formula of wave number 

  

 

We find that the values of 𝜆 so obtained agree with the experimentally observed 

wavelengths. 

 

Energy level diagram for hydrogen atome 

PROBLEM: The energy of an excited hydrogen atom is –3.4 eV.Calculate the 

angular momentum of the electron according to Bohr theory. 



 

 

H.W. 

1. The energy of the ground state of hydrogen atom is –13.6 eV. Find the energy of 

the photon emitted in the transition from n = 4 to n = 2. 

2. The H line of Balmer series is obtained from the transition n = 3 (energy = – 1.5 

eV) to n = 2 (energy = – 3.4 eV). Calculate the wavelength for this line. 

 


