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Chapter 8
Natural and Step Response of RLC Circuits 

It's when we have resistor, inductor and capacitor (RLC) in the same 
circuit, either they are connected in series on parallel, and this is called 
second order differential equation

1 - parallel RLC circuits

We have two cases 
1.1 - natural response

Jibreel Bornat

to find the DE apply KCL

in + i + ic = 0

important to find the initial conditions

VC - ! I VIE)dt + C du = - is 10%
dt

resonant frequency Neper frequency S . = - x - 92.02

w = I C = /

↳ C 2R[ Sc = - + 4202

2
↓ if < > wh :

the solutions are real distinct
Sit

VIE) = A , 2 + be Over Damped

2

2 if -w the solutions are real similar
& t

V(t) = A , tect · Aze) Critical Damped

3 if C'w",
the solutions are complex

let Wa = wh .2

VIE) = e-ct (B
, Cos Wat + Be Sin Wot) = Under Damped
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Example 1

Vot = 128
,
in 10t = 30mH

find UCL) ?
Step 1 - Find So and 32

9 1/2RC =) < = 1/2* 200 + 0. 2 *156 C = 1 . 25 * 104

W =/L W = 1/ 500L2 W = 104

S = - C - Chwh3 = -1 .25x10 - 7500 5) Si = -20,000

32 = - + Ch
-
w -) S2 = - 1. 25 x 10" +7500 32 = -5,000

- 20000E -5000E
VIE) = Are + Aze - - - - - I

Step 2 - find the initial conditions
↑ have rot , so i have to find Vlo) first derivative

& clot by applying Kar to find ico
C

·clot--is-in = ic = 30 + 103
- 12

=) in (0-) = - 90mA 200

du -90=

dt 0 .2* 106

Step 3 - Find the first derivative of eq . 1 then find Ar , As

V (E) = - 20000 A , e
- 20000 7 -50007---2

-> 5000 Al 2

apply the initial conditions to get 2 equations
12 = Ar + A2 3 Solve A . -14

· 450k = - 20000Ar-5000 Al A2 = 26

- 20000 t

hence : VIL) = 26 e
-
14

- 5000

·

·
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1.2 - step response
X(t) = Xn(t) + Xf(t) Xn(t) : natural response.

Xf(t) : step response
if(t) = current source  ,   Vf(t) = voltage source
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Example 2
The initial stored energy= 0

R = 6251
,
T = 2YmA

find in(t)

Step 1 - save normal as natural
3

a = 1/2RC =) < = 1/3 . 125 +183 =X = 32 *10

w = 1/2 w = 1/2 .54183 W = 40 * 10
3

Since u > a we apply - Wd =.Wh

wd = 1 . 6 * 109- 1 .024#10 Wd = 24 # 103

in (1) = e-ct (B
, Cos Wat + Be Sin Wot)

· 320007 (B
, Cos 24000t + Be Sin 240001)- e

· 320007 (B
, Cos 24000t + Be Sin 240001)· i(t) = 24 + e

*Note : Initial conditions are found for the final equation

Since the initial stored energy=0 1104 = Vot = 0

~co =di=Votdt L

Step 2-get the first chrevative of ilt) then solvewhen to

24 + Br =0 Bi = -24----I Br = -24

- 32000 B , + 24000 B2 = 0 -----C
& Be = = 32

-32000t(-zu cos 24000t-32 sin (4000E)↑ (t) = 24 + 2
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2 - Series RLC circuits
We have two cases 
2.1 - step response

Same as parallel Same as parallel

Same as parallel
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to find the DE apply KUL

VR +V +Vc = 0

important to find the initial conditions
t

j R
+1 I ict) dt +

-di = -Velo
C dt

O

resonant frequency Neper frequency 5= -c- . w
?

w = I & = R

↳ C 26 Sc = - + 4202

2
↓ if < > wh :

the solutions are real distinct
Sit

VIt) = A , 2 +A Over Damped

2

2 if -w the solutions are real similar

V(t) = A , tect ↑ Aze-ct) Critical Damped

3 if C'w",
the solutions are complex

let Wa = wh .2

VIE) = e-ct (B
, Cos Wat + Be Sin Wot) = Under Damped

a goss
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Example 1

V (0% = 100 V

find ict)

C = R/2L x = 560/2* 1004103 C = 2000

W = 1/ w = 1/Not w = 10000

wa=2 es was 92. 16 10 > wa = 9600

↑ (t) = e2000t(Br cos 9600t + Be Sin 9600t)

initialConditions:

theCircuit was opened 110 = 0

=Loveloto = =1000z

L 100*103

differentiate ilt):

↓ (le
- 2800t

*. 9600 B Sin aboot) + /B: cos 9600 * -280028007) ,
first Part

- 2800 t - 2800t

()e * 9600 B2Cos 9600t) + (B2 Sin 9600 * - 2000 e I)
↑

Second Part

Solve when t =08

from the first equation Br = 0

from the second equation :

) * 0) + (p + = 2800) + (1 x 96008) + )0x1) = 1000

- 2800 B. + 9600 B2 = 1000

- 2800 +0 + 9600B2 = 1000

9600B2 = 1000 = B2 = 1000 = B2 = 0. 104

9600

-
2000 t

ilt) =e * 0 . 104 Sin 9600t
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2.2 - step response
X(t) = Xn(t) + Xf(t) Xn(t) : natural response

Xf(t) : step response
if(t) = current source  ,   Vf(t) = voltage source
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Example 2

No energy is stored at C .
L

find UCL)

C = R/2 x = 180/2*0 .1 C = 1400

W = 1/ W = 1/488) W = 5000

wa= es was 23 * 106>wa = 4800

· moot

/B
. cos 48001 + Be Sin 48001)Va(k) = 2

V10% = 0 Since the initial stored energy = O

↑10% = 0 = c du dy = 0

de de

After getting the equations) B .
= -48

B2 = -14

VCL) = VICE) + Unit)

~(E) = 48 e-moot ( - 48 cos upoot - 14 Sin 4800t)
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