CHAPTER 4

FIRST ORDER DIFFERENTIAL EQUATION
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Both equations have the same structure: D i!fer ential Eq.
with Constant
Coefficients

v(t) for the capacitive case

y(t) = unknown variable = { . .
i(t) for the inductive case

vi(t) for the capacitive case

x(t) = forcing function = ) )
ig(t) for the inductive case

RC for the capacitive case

T = time constant = . .
L/R for the inductive case
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Learning Outcomes:

At the end of this module, students will be able to:

1. Find response for the first order circuits

2. Understand the concept of time constant.

4.1 First order RL and RC circuits:

A first order circuit can only contain one energy storage element (a capacitor or an inductor), a first order differential equation is required to solve for the variables.

A simple first order RC circuit and  RL circuit are shown below:
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The different types of responses of these circuits are as follows:

	
	This is when we consider the currents

	
	and voltages that arise when stored

	1.Natural Response
	energy in an inductor or capacitor is

	
	suddenly released to a resistive

	
	network

	
	This is when we consider the currents

	
	and voltages that arise when energy

	2.Step Response
	is being acquired by an inductor or

	
	capacitor due to the sudden

	
	application of a d.c. voltage

	
	This is when we consider the currents

	3.Forced sinusoidal response
	and voltages that arise when an

	
	inductor is being driven by a

	
	

	
	sinusoidal voltage source
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Applying superposition theorem to the circuit ,we can have two types of response to the system a) natural response b) forced response.

The general solution to a differential equation has two parts:

y(t) = y( h) + y(p) = homogeneous solution + particular solution y(t) = y( n) + y(f) = natural solution + forced solution

y(h) or y(n) depends on the initial conditions in the circuit and y(p) or y(f) is due to the forcing functions (independent voltage and current sources for t > 0.

4.2 NATURAL RESPONSE:

It describes the “discharging” of inductors or capacitors via a circuit of no dependent source. No external source is involved, thus termed as “natural” response. The effect will vanish

as t.

The natural response of a circuit will be similar to that of a source-free circuit, i.e. one where all independent sources have been disconnected from the circuit after some switch action. The voltages and currents in the circuit typically will have some transient response due to initial conditions (initial capacitor voltages and initial inductor currents).

4.3 General form of the First order differential equation:
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and the response for a first order source free circuit is y(t) =y(0)[image: image2.jpg]
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y(0)
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From equation (1) for a first order RC Circuit, the response is
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For first order RL circuit, the response is
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4.4 PROPERTIES OF NATURAL RESPONSE:

1) Eqn (1) is known as homogeneous  equation and its solution is homogeneous solution.

2) Physically, it is called source free response or natural response as any forcing source is absent and circuit is driven just by the initial energy in the energy storing elements.

3) Only an exponential function can satisfy the equation and solution will be of the form
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y(t)=A
. Applying the solution in equation (1) we get
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i.e.





. This equation is called characteristic equation and its root

is s=



is called as critical frequency or natural frequency or characteristic

frequency.

4) τ gives a measure of “How rapid the decay is”. In other words it shows the time at which the value reaches 37% of its initial value.


4.5 RESPONSE TO FORCING FUNCTIONS:

Now let us see the behavior of circuit towards any forcing function (ac or dc).


y(t) is the total response of the system,which is the sum of natural response(i .e. the first component which is independent of forcing function) and forced response(i .e. second component which depends on forcing function).

If the forcing function is dc input, then the response will be called as step response of the circuit .

---------- END----------


