TAP 117- 2: Kirchhoff's laws


Kirchhoff's two laws are equations based on conservation of charge and conservation of energy that can be applied to any electric circuit. The two laws can be used to work out the current in any branch of a circuit, given the emfs and resistances in the circuit.

Kirchhoff's first law states that the total current entering a junction is equal to the total current leaving the junction.

Kirchhoff's second law states that the sum of the emfs round any complete loop in a circuit is equal to the sum of the potential drops round the loop.

Kirchhoff's first law is a statement of conservation of charge since it means that the total charge flowing into a junction in a given time is equal to the total charge leaving the junction in the same time. 
Kirchhoff’s second law is a statement of conservation of energy since an emf is where the source does work on the charges, a potential drop is where charges do work in the component. The sum of the e.m.f.s is therefore the total energy transferred to the charges by sources in the loop per unit charge, and the sum of the potential drops is the total energy dissipated in the loop per unit charge.

Kirchhoff's first law
The total current into a junction = the total current out of the junction.

Using the convention that currents leaving a junction are the opposite sign to currents entering the junction, the first law may be expressed as the following equation:

I1 + I2 + I3 + … = 0 where I1, I2, I3 etc represent the currents in the branches connected to the junction.
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Kirchhoff's second law
The sum of the emfs round a loop in a circuit = the sum of the potential drops round the loop.

For a loop of a circuit containing emfs 1, 2, 3, etc and resistances R1, R2, R3, etc, the second law may be expressed as the following equation:

1 + 2 + 3 + … = I1R1 + I2R2 + I3R3 + … where I1, I2, I3 … represent the currents through the resistances R1, R2, R3 ….

External references
This activity is taken from Advancing Physics CD A-Z Kirchhoff’s Laws (1)

