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Determination of electronic charge and e/m ratio:

 J.J Thomson who first demonstrated that atoms are actually composed of aggregates of charged particles. He shows it by  

experiment and the charge-to-mass ratio of the electron 

 A magnetic field produced by Helmholz coils is used to deflect electrons into circular paths whose radii are known.

 By knowing the energy of the electrons and the magnetic field strength, the ratio of the charge to mass (e/m) of 

the electron is determined. The calculated (e/m) ratio is 1. 7588196×1011Ckg−1.

e/m = 1.758820 × 1011 C/kg

Where, m = mass of an electron in kg = 9.10938356 × 10-31 kilograms. e = magnitude of the charge of an electron in 

coulombs = 1.602 x 10-19 coulombs.

Here ,m is the mass of the particle of cathode rays in kg and e is it's charge in coloumb(C). The value 

of e/m remained constant irrespective of the nature of the gas.
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Bohr model of atom:

The electron is able to revolve in certain stable orbits around the nucleus without radiating any energy.

These stable orbits are called stationary orbits and are attained at certain discrete distances from the nucleus. 

The electron cannot have any other orbit in between the discrete ones.

❖ The stationary orbits are attained at distances for which the angular momentum of the revolving electron is an integral

multiple of the reduced Planck's constant mvr= n ħ

where n = 1, 2, 3, ... is called the principal quantum number, and ħ = h/2π. The lowest value of n is 1; this gives a smallest

possible orbital radius of 0.0529 nm known as the Bohr’s radius. The Bohr model of an atom was based upon Planck's

quantum theory of radiation.

❖ Electrons can only gain and lose energy by jumping from one allowed orbit to another, absorbing or emitting

electromagnetic radiation with a frequency ν determined by the energy difference of the levels .

∆E= E2-E1=hv
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https://en.wikipedia.org/wiki/Planck_constant
https://en.wikipedia.org/wiki/Principal_quantum_number
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Bohr Theory for hydroge atom

 Bohr theory explain the atomic spectrum of hydrogen

 Niel Bohr explained the line spectrum of the hydrogen atom by assuming that the electron moved in circular orbits

and that orbits with only certain radii were allowed. ... This produces an absorption spectrum, which has dark lines

in the same position as the bright lines in the emission spectrum of an element

 Bohr's model of hydrogen is based on the nonclassical assumption that electrons travel in specific shells, or orbits,

around the nucleus.



Bohr frequency condition. 

This law states that the frequency of the radiation emitted or absorbed during the transition of an atomic systembetween two stationary 

states equals the difference in the energies of the states divided by Planck's constant.

Bohr's frequency condition is ∆E=hv, 

meaning the difference in energy (when a high energy e- drops to a lower energy e- level) is equal to Planck's constant and v 

frequency.

In the Bohr model, radiation appears when an electron makes a transition between energy levels, and the frequency is given by the 

change in the electron's energy divided by Planck's constant. 

The Bohr model and the Rutherford model give different predictions for the frequencies of light that can be emitted by a hydrogen 

atom.
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High energy state E2

Low energy state E1

Emitted photon

hv =E2-E1

Bohr frequency condition : 

When an atom changes its energy by ∆E,The difference is carried away as photon of frequency v, ∆E=hv

∆E= E2-E1=hv

Frequecy of emitted photon : According to Bohr’s third postulates and the quantised energy equation, 

the frequency of the photon emitted when it jumps from an outer orbit to an inner orbit is

E2-E1      Ke2 1      1 

h          2ah     nf ni

=f=

ATOMIC STRUCTURE



Bohr's Quantum Condition and De Broglie Waves

 The quantum condition for the determination of the stationary states of the atom is that the circumference of the orbit of 

the electron revolving about the nucleus should be an integral multiple of the wavelength of the de Broglie wave of the 

electron.

Dual nature of electrons

 In 1924, the French physicist, Louis de Broglie suggested that if light has electron, behaves both as a material particle and 

as a wave. 

 According to the new wave mechanical theory  that was given by de Broglie,small particles like electrons when in motion 

possess wave properties.

 wave-particle duality holds that light and matter exhibit properties of both waves and of particles.

 This means that an electron which has been regarded as a particle also behaves like a wave. Thus, according to de Broglie, 

all the material particles in motion possess wave characteristics. Although the dual nature of matter is applicable to all 

material objects but it is significant for microscopic bodies only
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Difference between wave nature and particle nature

 Fundamental difference between wave and particle nature of light as a particle it can explain the photoelectric effect and 

as an wave it can explain the reflection, diffraction etc. 

 The wave nature explains Heigens principle, Double split experiment. ... So, this is the basic difference between 

particle and wave nature.

 Wave–particle duality is the concept in quantum mechanics that every particle or quantum entity may be described as 

either a particle or a wave.

 It expresses the inability of the classical concepts "particle" or "wave" to fully describe the behaviour of quantum-

scale objects.

https://en.wikipedia.org/wiki/Quantum_mechanics
https://en.wikipedia.org/wiki/Particle
https://en.wikipedia.org/wiki/Quantum
https://en.wikipedia.org/wiki/Wave
https://en.wikipedia.org/wiki/Classical_physics
https://en.wikipedia.org/wiki/Quantum-scale

