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A source-free RLC circuit 1s a circuit where:
* All independent sources are removed (set to zero)
* The response depends only on initial stored energy
* Capacitor — stored electric energy —||—
* Inductor — stored magnetic energy ..

¢ This leads to a natural response (transient response only).
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Part 1

The Source-Free Series RLC Circuit
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A series connection of RLC with initial energy in L and/or C.

Governing Equation vy + v; + v = 0 and substitute the following

'R Ldi v ! ji dt

Vg =i v, = L— = -

R d L dt C C

' l "

IR + L T + C f i dt = 0 Differentiate to eliminate the integral:
d?i di

1
L——+ R— + —i = 0 Thus, the standard form will be
dt? dt C

Now, define new parameters:

Damping factor /Neper frequency (Np/s) g =

R
2L
1
Undamped Natural frequency (rad/s) w, =

VIC
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R L
I
ﬁ) Vi— C
d2i+Rdi+ 1 _ 0
dt?2 ' Ldt  LC

Characteristic Equation

s% + 2as + w?

The roots s; and s, are called natural frequencies (Np/s)
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Types of Responses
s1=—at/a?— w}
1. Overdamped (o > wy)  i(t) = Aje®' + Aye™ ‘
S9 = —« a? — w}
e Two real roots
2. Critically Damped (@ = wo)  i(t) = (A Agt)e_m $1 =82 = —«
* Repeated root
3. Underdamped (o < wy) i(t) = e (A coswyt + Assinwyt)
* Complex roots
81 = —« jwd
Sp = —Qa — Jwyg

Assist. Lect. Ibrahim 1. Ibrahim



EPE 204 Electric Circuits Analysis 11

(1) A

Overdamped response

¢ Underdamped response
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Critically damped response

!

Q=
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Example 1: Calculate the roots of the RLC series circuit knowing that R = 40Q), L = 4H and
C = 0.25F . Is the natural response overdamped, underdamped, or critically damped?

We first calculate R 40 | |

@=——=—=5 wy=—p— = = |
oL 2(4) VIC Vaxi

Since a > w, this means the response is overdamped, and this leads to:

The roots are

. 7 g - A S~
S1o = —a X \/a‘—w{j:—bi V25 — 1

or

s; = —0.101, S

—9.899

)

This 1s also evident from the fact that the roots are real and negative.
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Part 2

The Source-Free Parallel RLC Circuit
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A parallel connection of RLC with initial energy in L and/or C.

Governing Equation ip + i; + i = 0 and substitute the following

>

. _V , 1 _ dv
'R = p lezfvdt lc =C—7
7 1J g+ c o
—— = U Differentiate to eliminate the integral:
RY1)V dt
dv 1dv 1

CW+§d—+—v=O__-J
Now, define new parameters:

1
Damping factor /Neper frequency (Np/s) ¢ = ——

2RC
1
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S R

v Lgllﬂ v C =4/

+ o0
c’ =

RC dt
Characteristic Equation

s? 4+ 2as + w?

The roots s; and s, are called natural frequencies (Np/s)
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Types of Responses
s1=—at+/a?— w}
1. Overdamped (o > w) v(r) = A]g""f + A, —
- S2 = —qQ a? — w?
* Two real roots
. iti — N - ! 1 = 89 —
2. Critically Damped (a = wy) U(f) _ (A] 1+ AET)E' o 81 = 89 o'

* Repeated root

3. Underdamped (o < w _ :
ped ( 0) v(t) = e “(A; cosw,yt + A, sinw,t)

* Complex roots
81 = —a jwd

89 = —a — jwg
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Example 2: Calculate the roots of the RLC parallel circuit knowing that R = 2Q), L. = 1H and
C = 0.5F . Is the natural response overdamped, underdamped, or critically damped?

We first calculate , — 1 1 — 1

T 9RC  2x2x05 2

wp = —= =1

vVLC

Since a < w.. this means the response 1s underdamped. and this leads to:

Wy = \/u.:[‘-; a? =+/1-0.25 = 0.866
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Comparison: Series vs Parallel RLC
Feature Series RLC Parallel RLC

Variable i(t) v(t)
Damping factor R 1

aA=— A =——

2L 2RC

Governing law KVL KCL
Energy loss R R
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