6.002 - Lecture 12

First-Order Driven Response

« RC and RL Step Responses

* Long- and Short-Time Behavior
« Superposition: ZIR and ZSR
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General First-Order Dynamics
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First-Order Dynamic Response
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Pxrticular solution sotisfies the ditferential
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First-Order Step Response

T8 ix-y 2 6wen Yy - Yifor 20

Xt = Y - Byinspection

x) = Y+ (xor-Ye T 1]
-YO-e Y s xme T 2

Ul * X)) decays expontiolly from Xy to Y

(2] » X{o) disappenrs expontially (2IR) while
Y appeass expontially (25R)

ZIR/25R = Zero input/state response
Y(th

D (8




RC Network Step Response
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* In the absence of infinite i, v((t) is continuous.
Thus, for t << RC, v(t) = v.(0), rising linearly at first.

* Fort - oo, the network reaches steady state with
d/dt - 0. Thus, i- - 0, the capacitor acts as an
open circuit, and v, settles to v.(t) - RI.



RL Network Step Response
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* In the absence of infinite v, i (t) is continuous.
Thus, for t << L/R, i (t) = i (0), rising linearly at first.
* Fort - oo, the network reaches steady state with

d/dt - 0. Thus, v, = 0, the inductor acts as an
short circuit (wire), and i settles to i (t) > V/R.
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