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The Source Free RL Circuit

 The analysis of circuits containing inductors and/or capacitors is
dependent upon the formulation and solution of the integrodifferential
equations that characterize the circuits. We will call the special type of
equation we obtain a homogeneous linear differential equation.

 They call the solution of a homogeneous linear differential equation a
complementary function.

 When we consider independent sources acting on a circuit, part of the
response will resemble the nature of the particular source (or forcing
function) used; this part of the response, called the particular solution,
the steady-state response, or the forced response.

 The source-free response may be called the natural response, the
transient response, the free response, or the complementary function.

The complete response of the circuit will then be given by the sum of
the complementary function and the particular solution.

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.
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The Source Free RL Circuit

 Let us designate the time-varying current as i(t);
we will represent the value of i(t) at t = 0 as Io; in
other words, i(0) = Io. We therefore have.

 Our goal is an expression for i(t) which satisfies
this equation and also has the value Io at t = 0.
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The Source Free RL Circuit

The voltage across the resistor is

power dissipated in the resistor is

The energy absorbed by the resistor is

The time constant of a circuit is the time
required for the response to decay to a factor
of 36.8 percent of its initial value
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The Source Free RL Circuit

Exampe: If the inductor of shown figure has a current 
iL=2 A at t=0, find an expression for iL(t) valid for t > 0, 
and its value at t=200 μs.
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The Source Free RL Circuit
Example: Assuming that i(0)=10A , calculate i(t)
and ix(t) in the circuit of shown figure.

Applying KVL to the two loops results in
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The Source Free RL Circuit
Example: The switch in the circuit of shown
figure has been closed for a long time. At t=0 the
switch is opened. Calculate i(t) for t>0.
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The Source Free RL Circuit
Example: The switch in the circuit of shown
figure has been opened for a long time. At t=0
the switch is closed. Calculate i(t) for t>0.
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Properties of Exponential Response

At t=0, the current has value Io, but as
time increases, the current decreases and
approaches zero.

The initial rate of decay is found by
evaluating the derivative at zero time:

We designate the value of time it takes for i/Io to drop from unity to zero, 
assuming a constant rate of decay

The time constant of a series RL circuit may be found graphically from
the response curve; it is necessary only to draw the tangent to the curve
at t = 0 and determine the intercept of this tangent line with the time
axis.
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Properties of Exponential Response

The value of i(t)/Io at t = τ is.

In one time constant the response has dropped to 36.8 percent of its
initial value; the value of τ may also be determined graphically from this
fact. It is convenient to measure the decay of the current at intervals of
one time constant, and recourse to a hand calculator shows that i(t)/Io is
0.3679 at t = τ, 0.1353 at t = 2τ , 0.04979 at t = 3τ , 0.01832 at t = 4τ , and
0.006738 at t = 5τ.

Q. How long does it take for the current to decay to zero? 
A. About five time constants.
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