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3.1- Introduction: 

• The three passive elements (resistors, capacitors, and inductors) and 

one active element (the op amp) have been considered.  

• Two types of simple circuits have been considered such as a circuit 

which consists of resistor and capacitor called RC, another circuit called 

RL which consists of resistor and an inductor. 

• RC and RL circuits can be analyzed by applying Kirchhoff’s laws. 

• Applying the Kirchhoff’s laws to RC and RL circuits  produces differential 

equations. 

• The differential equations resulting from analyzing RC and RL circuits 

are called first order circuits. 

• A first-order circuit is characterized by a first-order differential 

equation. 

• There are two ways to excite RC and RL circuits.  

• The first way is by initial conditions of the storage elements in the 

circuits which called source-free circuits. Assume that energy is initially 

stored in the capacitive or inductive element. The energy causes current 

to flow in the circuit and is gradually dissipated in the resistors. 

• The second way of exciting first-order circuits is by independent 

sources. the independent sources such as dc sources have been 

considered. 
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3.2- Source-free RC circuit: 

• A source-free RC circuit occurs when its dc source is suddenly 

disconnected. The energy already stored in the capacitor is released to 

the resistors. 

• Consider a series combination of a resistor and an initially charged 

capacitor, as shown in Fig. 7.1. 

 

 

• The objective is to determine the circuit response. 

• Assume that at time t=0, initial voltage across the capacitor is 

 

 



 
 

87 | P a g e                                                       D r .  M u s h t a q  N a j e e b   
 

University of Anbar 

College of Engineering 

Dept. of Electrical Engineering 

Electric Circuit I/1st Sem. 

Second Class 

2021-2022 
 

 

 

• This shows that the voltage response of the RC circuit is an 

exponential decay of the initial voltage. The response is due to the 

initial energy stored which is called the natural response of the circuit. 
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• The natural response of a circuit refers to the behavior (in terms of 

voltages and currents) of the circuit itself, with no external sources of 

excitation. 

• The natural response is illustrated graphically in Fig. 7.2. As t 

increases, the voltage decreases toward zero. 

 

 

• The voltage decreasing is expressed in terms of the time constant, 

denoted by 𝜏, 

• The time constant of a circuit is the time required for the response to 

decay to a factor of 1/e or 36.8 percent of its initial value. 
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• With a calculator it is easy to show that the value of  is as shown in 

Table 7.1. 

 

• Observe from Eq. (7.8) that the smaller the time constant, the more 

rapidly the voltage decreases, that is, the faster the response. 

• This is illustrated in Fig. 7.4. A circuit with a small time constant gives 

a fast response in that it reaches the steady state (or final state) 
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quickly due to quick dissipation of energy stored, whereas a circuit with 

a large time constant gives a slow response because it takes longer to 

reach steady state. 
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Example 7.1: 

 

 

 

• We first need to make the circuit in Fig. 7.5 conform with the 

standard RC circuit in Fig. 7.1. 

• We find the equivalent resistance or the Thevenin resistance at 

the capacitor terminals. 

 



 
 

92 | P a g e                                                       D r .  M u s h t a q  N a j e e b   
 

University of Anbar 

College of Engineering 

Dept. of Electrical Engineering 

Electric Circuit I/1st Sem. 

Second Class 

2021-2022 
 

• The objective is always to first obtain capacitor voltage 𝑣𝑐. From 

this, we can determine 𝑣𝑥 and 𝑖𝑥. 
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Example 7.2: 
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3.3- Source-free RL circuit: 

• Consider the series connection of a resistor and an inductor, as shown 

in Fig. 7.11.  

 

 

• The goal is to determine the circuit response, assume that the current 

𝑖(𝑡) will through the inductor. 

• The idea that the inductor current cannot change instantaneously. At 

𝑡 = 0, it is assumed that the inductor has an initial current 𝐼𝑜, or  
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Example 7.3: 
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Example 7.4: 
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• The three most widely used singularity functions in circuit analysis are 

the unit step, the unit impulse, and the unit ramp functions. 

• The unit step function u(t) is 0 for negative values of t and 1 for 

positive values of t as shown below  
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