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ALGORITHM FOR CALCULATING TRANSIENTS IN 
COMPLEX ELECTRICAL CIRCUITS

1. Compose a system of equations for an electric circuit according to 
Kirchhoff's rules in an instantaneous form.

2. Based on the system of equations to obtain an inhomogeneous 
differential equation.

3. Based on the inhomogeneous differential equation to obtain the 
characteristic equation. Find its solution.

4. Find homogeneous solution (own component).
5. Find particular solution (forced component).
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EXAMPLE 1 OF OBTAINING A DIFFERENTIAL EQUATION



EXAMPLE 2 OF OBTAINING A DIFFERENTIAL EQUATION



EXAMPLE 3 OF OBTAINING A DIFFERENTIAL EQUATION



HOMOGENEOUS SOLUTION OF SECOND-ORDER 
DIFFERENTIAL EQUATION

Depending on the ratio of components under the sign of the radical, we will 
have three types of solutions (roots).

2 4b a c< ⋅ ⋅ - complex-conjugate roots;

- roots are real and different;

2 0a p b p c⋅ + ⋅ + =
characteristic equation

2 4b a c> ⋅ ⋅

- roots are real and the same.2 4b a c= ⋅ ⋅



COMPLEX-CONJUGATE ROOTS
The roots can be represented as:  01 ωδ jp +−= 02 ωδ jp −−=
The transient process of the circuit will be periodic (oscillating)
For example, the transient voltage at the capacitor can be written as

( ) ( )1 0 2 0sin cost
Cu t e A t A tδ ω ω−= +

ROOTS ARE REAL AND DIFFERENT

Then the transient voltage on the capacitor can be written as
( ) 1 2

1 2
p t p t

Cu t Ae A e= +

ROOTS ARE REAL AND THE SAME

The transient process will be aperiodic (non-oscillating)

The transient process is critical. It is a transition between aperiodic and 
oscillatory processes
In this case, the voltage on the capacitor is written as

( )1 2
pt

Cu A A t e= +



EXAMPLE 1 OF CALCULATING THE TRANSIENT PROCESS IN A 
BRANCHED CIRCLE OF THE SECOND ORDER



EXAMPLE 2 OF CALCULATING THE TRANSIENT PROCESS IN A 
BRANCHED CIRCLE OF THE SECOND ORDER
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