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5.10: Kirchoff’s Voltage Law for Electrostatics - Integral Form
As explained in Section 5.9, the electrical potential at point  relative to  in an electric field  (V/m) is

where the path of integration may be any path that begins and ends at the specified points. Consider what happens if the selected
path through space begins and ends at the same point; i.e., . In this case, the path of integration is a closed loop. Since 
depends only on the positions of the start and end points and because the potential energy at those points is the same, we conclude:

This principle is known as Kirchoff’s Voltage Law for Electrostatics.

Kirchoff’s Voltage Law for Electrostatics (Equation ) states that the integral of the electric field over a closed path is
zero.

It is worth noting that this law is a generalization of a principle of which the reader is likely already aware. In electric circuit theory,
the sum of voltages over any closed loop in a circuit is zero. This is also known as Kirchoff’s Voltage Law because it is precisely
the same principle. To obtain Equation  for an electric circuit, simply partition the closed path into branches, with each
branch representing one component. Then, the integral of  over each branch is the branch voltage; i.e., units of V/m times units of
m yields units of V. Then, the sum of these branch voltages over any closed loop is zero, as dictated by Equation .

Finally, be advised that Equation  is specific to electrostatics. In electrostatics, it is assumed that the electric field is
independent of the magnetic field. This is true if the magnetic field is either zero or not time-varying. If the magnetic field is time-
varying, then Equation  must be modified to account for the effect of the magnetic field, which is to make the right hand size
potentially different from zero. The generalized version of this expression that correctly accounts for that effect is known as the
Maxwell-Faraday Equation (Section 8.8).
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