Chapter 7
Response of First-Order
RL and RC Circuits
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Learning Goals for Chapter 7

» Be able to calculate the complete response for first-order RL
and RC circuits with constant inputs
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Complete Response of RC and RL Circuits

e Voltages and currents in circuits that contain capacitors and inductors are
solutions to differential equations.

e The order of the differential equation is usually equal to the total number of
capacitors and inductors in the circuit.

¢ Circuits that contain only one capacitor or inductor can be represented by a
first-order differential equation and are called first-order circuits.

e All first-order circuits are equivalent to one of the following:
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e The constant T is called the time constant.



¢ The solution to this first-order differential equation can be expressead in

several equivalent forms:

complete response = transient response + steady-state response

complete response = natural response + forced response

complete response = homogeneous response + particular solution

e We will only consider first-order circuits with constant inputs.

e Solution approach:

Determine the initial condition of the energy storage element.
Determine the steady-state or forced response.

Add the natural response to the forced response to obtain the complete
response. Use the initial condition to resolve the constant in the natural
response.



Constant Input

Then:

y(t) = M = x(c0)
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So the complete response is:
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e Forthe original RC circuit with v(t) = M = x(0) = V.
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e These results can be shifted to time t = ¢,:
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First-order Circuits

» Circuits that contain only one energy storage element
(a capacitor or an inductor) and resistors.

» Circuits may be energized by voltage sources and/or
current sources.

» We will consider only circuits with constant (DC)
voltage or current sources.
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First-Order

RL or RC Circuits x, (1) = x,(0) + x(0)

Xo (1) = x, () + x, (1)

x,(t): complete response

,(t): natural, transient or homogeneous resp




Complete Response to a Constant
Input
» The complete response of the circuit 1s
x(0) = (o) + [ £(0) — x(c0) Je*

» For a RC circuit (find Thévenin Equivalent Ctrcmt)

)=v, +|:'»( -, ]e " where 7=R,C
{ _l

» For a RL circuit (find Norton Equivalent Circuit),

i (1)=i, +[iL (())—i.\_t_,]e_”;r where r—_-R—Z , %) h%
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Response of RC circut -




b Capacitance charged to V; =SV
priortor=0

L







et

R

N6 =\, + [\,‘ (o) -\L,;_( P
“oc. = \]'s = s-v

E = 25
c =41F

\l‘(o\ =0

. )
W) = s+ lo-sle ™ = T-Se

Exawe e 14
£
=
\\‘("-'\ e WL ¥ [\L_(C’\"’\]m—]e
\lac. = o
* =28
B =R
‘Jc(o\';f\l

t
Z

v () = o+(:§—ole_% = <

e

N






Translent response of RL circuit
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Transient response of RL circuit
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Constant Source Response
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Constant Source Response
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Constant Source Response
——PL(t) abs

O+

-S00E-09  -250E-059  DOOE+OD 250E-09 S00E-02 = g 1E-06 2E-06

-1E-03

-2E-03

-3E-03

-AE-03

-5E-03

=6E-03

~TE-03

-BE-03

Time (seconds)




3E-09 -

Constant Source Response

—wWL(t)

-500E-08  -250E-09  OODE+00

250E-09 S00E-02 750E-09 1E-06 1E-06 2E-06
Time (seconds|

2E-06

2E-05

2E-06

2E-06




E Ko.m___..‘f:_l € P

(o T oSl

+
AN GE’_/GSZ N ZwF '@l WOSL zv
bg—te(w-'\we ;.(’f\ .

® Deterwme tLe witial condition 0‘5" "'l‘e i e
\'.olta%e v, (Y.

sA @ f}@ u, (o = (e = 8N

® ‘AD‘?E( "fLE ﬂa—"“x‘tﬁ[\e& are -1-1,«-‘3\,._“,& t\t\e Sireovt =t
2032 oSt

\2y N (0) = BN

s Find +Lp_ —T-LE\IQ\A'\\/\ ec‘u;va.\eu‘c ch-fLe cireoit

_QGC\W_ *-Le, copaciter.
% 205U ooST

Ty ¥ g K

[}]

-0+ Lool|l4eo
= P 5o
LS.

1]



262 4o

\oo
Bty =@ - \l,, = o000 CL’Z\B
- zAN

[ ] S@ =Sl ewevit !

A ooST
N, = 2.«

o

B = icotl

+_
2z 5 N, ZwfF -
— fa Zw¥
g i = O?— seC

\:L(o\ = 2N

-t
0@ = Noe x [o,@-w. e 7

z4+ (8-24) S

z.4+5S G efs-t N

-3 MO\:—D to D\.«A 1("‘"\
202, A oS

pte a KCL equation of Nede A:

N () = g, (D Z-4 ) )
Zo * “oo ~ hoo



Bl % \J((A - \J&(-t\§ L ‘L'l-\la(% = 4 \lat-t\

ZO, (1) - Zon, @) #1474, = 4, (<)

N, (R =

)

1]

n

n

"

’Zoqu\-ﬁrf/_
T

N, (<)

1E0O

‘ZCN‘(*\ 12
Zs - loo

00BN, (+\ + 0048

-St
008§z A+S6e ¢+ 0048

st

074 + OAAB e A

-5t

‘Z‘ia—‘“‘*.%e WJ\




Constant Source Response

—WC(t) natural —V((t) forced —VC(t) complete
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