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Effective mass

Consider a one-dimensional lattice
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Mass of an free electron: 𝑚0 = 9.1 × 10−31 kg
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Effective mass

Consider a one-dimensional lattice

Ionized atom/ion

Culomb potential of an electron: 𝑉 𝑥 =
1
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What is the Effective Mass

An electron in crystal may behave as if it had a mass different

from the free electron mass m0. There are crystals in which the

effective mass of the carriers is much larger or much smaller than

m0. The effective mass may be anisotropic, and it may even be

negative. The important point is that the electron in a periodic

potential is accelerated relative to the lattice in an applied electric

or magnetic field as if its mass is equal to an effective mass.
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Effective mass

The de Broglie wavelength λ of a particle of momentum p 

is determined by the relation

Therefore,

5



Dr Rashid, 2022Jashore University of Science and Technology

Effective mass

The kinetic energy of electron:

Therefore,
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Effective mass

When an electric field E is applied to a crystal, electron in the 

crystal experiences a force    F = −eE .

The rate of absorption of energy by the electron:

Time derivative of E:

Therefore,
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Effective mass

When an electric field E is applied to a crystal, the electron 

undergoes an acceleration.
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Effective mass

Elementary Solid State Physics – Ali Omar

9



Dr Rashid, 2022Jashore University of Science and Technology

Effective mass

Elementary Solid 
State Physics –
Ali Omar

10



Dr Rashid, 2022Jashore University of Science and Technology

Effective mass

Elementary Solid 
State Physics –
Ali Omar

11



Dr Rashid, 2022Jashore University of Science and Technology

Effective mass

12



Dr Rashid, 2022Jashore University of Science and Technology

Effective mass

13


