
Mr.M.Sriram/AP/Physics/SNSCT 

SNS COLLEGE OF TECHNOLOGY 
(An Autonomous Institution) 

Approved by AICTE, New Delhi, Affiliated to Anna University, Chennai 

Accredited by NAAC-UGC with ‘A++’ Grade (Cycle III) & 

Reaccredited by NBA (B.E - CSE, EEE, ECE, Mech&B.Tech.IT) 

COIMBATORE-641 035, TAMIL NADU 

 

SUCCESS AND FAILURES OF CLASSICAL FREE ELECTRON THEORY 

Classical free electron theory, also known as the Drude model, was developed in 

the early 20th century to explain the electrical and thermal conductivity of metals. 

While it laid the groundwork for understanding electron behavior in solids, it has 

both successes and failures. Here’s a summary: 

Successes 

1. Basic Conductivity Model: 

o The theory successfully describes how metals conduct electricity. It 

treats electrons as a gas of free particles moving through a lattice of 

positively charged ions, which helps explain the conduction in metals. 

2. Ohm's Law: 

o The theory is consistent with Ohm’s Law (V=IRV = IRV=IR), where 

current (III) is directly proportional to voltage (VVV) in metals, 

provided the electric field is not too strong. 

3. Temperature Dependence: 

o It qualitatively explains the temperature dependence of electrical 

resistance in metals, noting that resistance increases with temperature 

due to increased scattering from lattice vibrations (phonons). 

4. Heat Capacity: 

o The model offers insights into the heat capacity of metals, predicting 

that the electronic contribution to heat capacity is proportional to 

temperature. 
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Failures 

1. Band Theory Limitations: 

o The classical free electron theory fails to account for the quantum 

mechanical nature of electrons, leading to inaccuracies in predicting 

electrical properties, particularly in semiconductors and insulators, 

where the band structure plays a crucial role. 

2. Magnetoresistance: 

o It does not adequately explain the phenomena of magnetoresistance 

and the Hall effect, which require a quantum mechanical approach to 

account for the behavior of electrons in magnetic fields. 

3. Specific Heat: 

o While it predicts the temperature dependence of heat capacity, it fails 

to accurately account for the low-temperature behavior of metals, 

where the electronic specific heat deviates from the predictions of 

classical theory. 

4. Failure at High Frequencies: 

o The model does not accurately describe the behavior of electrons at 

high frequencies, such as in the case of electromagnetic radiation, 

where quantum effects become significant. 

5. Electron-Electron Interactions: 

o The classical model neglects interactions between electrons, which 

can lead to important effects in real materials, such as electron 

correlation effects seen in strongly correlated electron systems. 

Conclusion 

While classical free electron theory provided a useful framework for understanding 

the electrical properties of metals and laid the foundation for later developments in 

solid-state physics, it is limited by its classical assumptions and has been largely 

superseded by quantum mechanical models, particularly band theory and quantum 

mechanics, which provide a more accurate and comprehensive understanding of 

electron behavior in solids. 

 


