RL and RC circuits are also known as first-order circuits, because their
voltages and currents are described by first-order differential equations
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The Significance of the Time Constant
Determines the rate at which the current or voltage approaches zero. The reciprocal of this ratio

IS the time constant of the circuit, denoted
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The natural response of an RC circuit is developed from the circuit shown in Fig
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We begin by assuming that the switch has been in position a for a long time, allowing the loop

made up of the dc voltage source the resistor and the capacitor C to reach a steady-state
condition.

we will discuss how the capacitor voltage actually builds to the steady-state value of the dc
voltage source, but for now the important point is that when the switch is moved from
position a to position b (at t=0), the voltage on the capacitor is. Because there can be no

instantaneous change in the voltage at the terminals of a capacitor, the problem reduces to
solving the circuit shown in Fig.



Deriving the Expression for the Voltage

C— +

r _ AN — ad (o=t RC
=tz 0. v(r) = v(0)e , 1 =0.

) = =—¢ "t =0"
"'(:' R RE * k]
V% 21

= pi = e 1= 0"
P v RE’ .

v(07) = v(0) = v(0%) = V, =

VU}



We are now ready to discuss the problem of finding the currents and voltages generated in
first-order RL or RC circuits when either dc voltage or current sources are suddenly applied.
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The Step Response of an RC Circuit
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