RC & RL Circuits



Differential Equation

= Algebraic Equation
X+X=1
2x =1
X=0.5

= Differential Equation

dx .
—+X=X+Xx=0
dt



X =-—X
= Candidates
X =t% X =2t

X =COSt, X =—siInt

X = Ke™ x = Ke"



Solution

X =—X
X =Kle" = —x=-Ke*
Kie" + Ke" = K(1 +1)e”

A=-1
X =Ke™
X(0)=K

X(t) = x(0)e™



Another Example

2X+3x=0

x = Ke™, x = KAe™
2K 1e" +3Ke" =0
K(24A+3)e" =0
A=-15

x=Ke™
X(0)=K



Characteristic Equation

ax+hbx=0
al+b=0
b

A=——>=¢
a



Non-zero input

X+x=1

Xx(t) = Ke" +K,
X+Xx=KAie"+Ke"+K, =1
K (A+1)e" +K, =1
A=-1K,=1

x(t)=Ke" +1

lim x(t) =1

t—o0



Xx(0)=K, +1
K, =x(0)-1
x(t) =(x(0)-1)e™" +1

If: x(0)=0
X(t)=—e"+1

>

0 t(sec)

= Complete response = natural response + forced response
= Natural response(homogeneous solution), transient response
= Forced response(particular solution), steady state response



Resistor




Capacitor
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Series and Parallel Capacitors

N
Cr=C1+Co+C3+--+Cy=)» C,
n=I1






Inductor

Magnetic Core I‘_ Length / —>|
\ Area A

(e

N turns of wire




Series and Parallel Inductors
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RC Circult

0 t (sec)

KVL:

Ri+v=e, i:Cﬂ
dt

RCy+v:e, v(0)=0
dt



= Complete response = natural response + forced response
= Natural response(homogeneous solution):

RC9X+V=O
dt
1
RCs+1=0=>s=——-
RC
t
v(t) = Ke RC
= Forced response(particular solution), steady state:
V :VSS
dVv

RC—=4V_=1=V_=1
dt




= Complete response = natural response + forced response

_t
v(t)=Ke R¢ +1
v0)=K+1=0=K=-1

t
v(t)=—e f¢ +1
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RL Circult

e(?)

L 4
_> _O
i(?) + !
e(t) J_’) RS (1)
o_ >
0 t (sec)
e(t) = Lﬂ+v,| _Y
dt R
L dv

Ea+v:e(t),v(0) =0



= Complete response = natural response + forced response
= Natural response(homogeneous solution):

——+Vv=0

R dt

L L

—S+1=0=>s=——

R

L

v(t) = Ke R

= Forced response(particular solution), steady state:
V=V,
L dV

4V, =1V, =1
R dt




= Complete response = natural response + forced response

L

v(t) = Ke R +1
v(0)=K +1=0= K =1

L V(I)A
v(t)=—-e R +1 4

|
|
|
o t(sec)



