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7.1 Introduction

A first-order circuit is characterized by a first-order differential
equation.
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7.2 The Source-Free RC Circuit

T=RC

t
v(t) =Vye=

RC circuit J) Jus Jda il sha
t<0xc =

v(0) 4efansl @
capacitor -> open circuit J! J=a) -

voltage source = short circuit ¢l d=a) -
current source = open circuit gi d=al -

T=RpyC Jind nl 0

t
v(t) =Voe td cual o
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7.3 The Source-Free RL Circuit

| e~

() = lpe ™t
RL circuit J) dlus Ja &l sha
t<0xc =

((0) ief aasl o
inductor —> short circuit J! J=a) -

eq«.a,;s_\”\ °

voltage source = short circuit ¢l J=a) -
current source = open circuit ¢sf Jaa) -

T:LJ\M%\ °
Req

t
v(t) =Voe T sl o
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7.4 Singularity Functions
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7.5 Step Response of an RC Circuit

The step response of a circuit is its behavior when the excitation is the
step function, which may be a voltage or a current source.

v(t) = v(e) + [v(0) — v()]e?
step response RC circuit J) Alus Ja & shad
t <0 =
v(0) % 225l @
capacitor -> open circuit J) J=a) -
t>0u =

v(00) 4 24l
capacitor -> open circuit J) J=a) -

Req aaf a5l @
voltage source = short circuit ¢l Jza) -
current source = open circuit gi d=al o -

T=RpgC Jind cnl 0

t
v(t) = Voe td cual o
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7.6 Step Response of an RL Circuit

() = i(0) + [i(0) — i(c0)]e

step response RC circuit J dlus ds <l sha
t<Qic =
((0) “efaasl o
inductor -> short circuit J) =) -
t>0% =
[(00) dad 2a
inductor -> short circuit J! ) -

Req aaf2asl o
voltage source = short circuit ) J=a) -
current source = open circuit gi d=al -

’[:Ld\wg_ma\ [ ]
Req

i(6) = i(0) + [i(0) — i(0)]e ™t Jl camal o
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7.7 tFirst-Order Op Amp Circuits
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Chapter summary

First order circuits

Source-Free 3 Jias (5% Step Response ¢ jiaa

RC circuit RL circuit RC circuit RL circuit
T=RC L T=RC L
== T=o
v(t) = Voe , = v(t) = v(0) + [(0) - v(e)]e 7 t
i(t) =lLe= i(t) = i(0) +[i(0) — i(c0)]e"7

RC circuit J) dlue Ja @ ghaa
t<Quc =

v(0) Ad a0
capacitor -> open circuit J J=a! -

Reg dafaay) o
voltage source > short ¢l d=al -
circuit
current source > open ¢l dzal -
circuit

‘[:Requ\:ugég._u;\ °

t
v(t) =Voe td sl o

RL circuit J) dlus Ja &l shas
t<0Qic =
i(0) iad3as)l @
inductor —> short J! d=al -
circuit

Req dadisngl o
voltage source - short gi Jaal -

circuit
current source = open ¢l d=a) -
circuit
T=Jiedcual o

Req

t
L(t) = ioe_? J °

step response RC circuit J) dlus Ja <l sha
t<Quc =
v(0) dedaayl e
capacitor -> open circuit J! Ja=! -
t>0% =
v(00) dadaasl 0
capacitor -> open circuit J J=a! -

Reg a2y o
voltage source > short f J=al -
circuit
current source > open ¢l d=al -
circuit
T = ReqC Jid sl o

Ol o

o() = v(®) + [9(0) — V()] T

step response RL circuit J s Js &l sha
t<0xe =
i(0) adansl o
inductor -> short circuit J! Jx= -
t>0% =
i(00) dadaagl 0
inductor -> short circuit J! =) -

Regdef gl o
voltage source = short circuit ¢} J=a! -
current source = open circuit s Jaa! -

T=-—LJdedal o
Regq

J sl e

() = i(00) + [i(0) — i(w)]e®
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