
Physical Interpretation of Scalar and Vector Field 

1. Static Electric Field: 

o In a static scenario (where 𝐀 is constant and 
𝜕𝐀

𝜕𝑡
= 0), the electric field is 

entirely determined by the scalar potential: 𝐄 = −∇𝑉.  

o This implies that the electric field is conservative and can be derived from the 

scalar potential alone. 

2. Dynamic Electric Field: 

o In a time-varying scenario, where the magnetic field is changing (
𝜕𝐀

𝜕𝑡
≠ 0), the 

electric field has two components:  

▪ A conservative component (−∇V) due to the scalar potential. 

▪ A non-conservative component (
𝜕𝐀

𝜕𝑡
) due to the changing vector 

potential. 

 

Connection to Maxwell's Equations 

The expression for E in terms of V and A is consistent with Maxwell's equations. 

Specifically: 

1. Faraday’s Law: 

o The curl of the electric field is related to the rate of change of the magnetic 

field:∇ × 𝐄 = −
𝜕𝐁

𝜕𝑡
  

o Substituting 𝐁 = ∇ × 𝐀  into this equation confirms the time-dependent term 

in E.  

2. Gauss’s Law: 

o The divergence of the electric field is related to the charge density ∇ ⋅ 𝐄 =
𝜌

𝜀0
.  

o This can be expressed in terms of the scalar potential V, connecting the 

potentials to charge distributions. 

 


