
SECOND-ORDER CIRCUITS

THE BASIC CIRCUIT EQUATION
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THE RESPONSE EQUATION
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ANALYSIS OF THE HOMOGENEOUS EQUATION

0)()(2)( 2
2

2
=++ txt

dt
dxt

dt
xd

nn ωςω

FORM NORMALIZED

02

)(
22 =++

=

nn

st

ss

Ketx

ωςω
iff  solution  a  is   

Iff s is solution of the characteristic
equation

stst Kes
dt
xdsKet

dt
dx 2

2

2
;)( ==  :PROOF

st
nnnn Kesstxt

dt
dxt

dt
xd )2()()(2)( 222
2

2
ωςωωςω ++=++

02 22 =++ nnss ωςω
EQUATION  STICCHARACTERI

roots)distinct   and (real  :1CASE 1>ς
tsts eKeKtx 21

21)( +=
roots) conjugate(complex    :2 CASE 1<ς

d

nn

js
js

ωσ
ςωςω

±−=
−±−= 21

( )tAtAetx dd
t ωωσ sincos)( 21 += −

tjttjst dndn eeee ωςωωςω �−±− == )( :HINT
tjte dd

tj d ωωω sincos �
� =

roots) equal and (real 1  :3CASE =ς
ns ςω−=

( ) tnetBBtx ςω−+= 21)(

)022()02( 22 =+=++ nnn

st

sANDss

te

ςωωςω
iff  solution  is    :HINT

tsts eKeKtx 21
21)( +=

frequency noscillatio  damped=dω

*
12)( KKtx =⇒ real  

[ ]tj

d

deKtx
js
KK )(

1

*
12 Re2)( ωσ

ωσ
+−=⇒





±−=
=

2/)( 211 jAAK +=  ASSUME

1

0)()(

2

222

2222

−±−=

−±−=

=−++

ςωςω

ωωςςω

ωςωςω

nn

nnn

nnn

s

s

s

(modes of the system)

factordamping =σ



LEARNING EXTENSIONS
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THE NETWORK RESPONSE

DETERMINING THE CONSTANTS
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%script6p7.m
%plots the response in Example 6.7
%v(t)=2exp(-2t)+2exp(-0.5t); t>0
t=linspace(0,20,1000);
v=2*exp(-2*t)+2*exp(-0.5*t);
plot(t,v,'mo'), grid, xlabel('time(sec)'), ylabel('V(Volts)')
title('RESPONSE OF OVERDAMPED PARALLEL RLC CIRCUIT')

USING MATLAB TO VISUALIZE THE RESPONSE
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USING MATLAB TO VISUALIZE THE RESPONSE%script6p8.m
%displays the function i(t)=exp(-3t)(4cos(4t)-2sin(4t))
% and the function vc(t)=exp(-3t)(-4cos(4t)+22sin(4t))
% use a simle algorithm to estimate display time
tau=1/3;
tend=10*tau;
t=linspace(0,tend,350);
it=exp(-3*t).*(4*cos(4*t)-2*sin(4*t));
vc=exp(-3*t).*(-4*cos(4*t)+22*sin(4*t));
plot(t,it,'ro',t,vc,'bd'),grid,xlabel('Time(s)'),ylabel('Voltage/Current')
title('CURRENT AND CAPACITOR VOLTAGE')
legend('CURRENT(A)','CAPACITOR VOLTAGE(V)')
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USING MATLAB TO VISUALIZE RESPONSE
%script6p9.m
%displays the function v(t)=exp(-3t)(1+6t)
tau=1/3;
tend=ceil(10*tau);
t=linspace(0,tend,400);
vt=exp(-3*t).*(1+6*t);
plot(t,vt,'rx'),grid, xlabel('Time(s)'), ylabel('Voltage(V)')
title('CAPACITOR VOLTAGE')
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