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Chapter 7
Natural and Step Response of RL and RC Circuits 

In this chapter our goal is to find V and I that shows when energy is 
either released or acquired on the conductor (L) and the capacitor (C) 
in response to the sudden change in a DC voltage or current source 

Important Notes : 
t = 0   —>   After the sudden change
t = 0   —>   At the sudden change
t = 0   —>   Before the sudden change

What are we going to work on ?

1 - Natural Response :
Find I and V when we don’t have a current or voltage source in the 
circuit , so the is released to a resistance network

2 - Step Response :
Find I and V when we have a current or voltage source in the circuit 
so the energy is being acquired by L and C

t(0 ) = t(0 ) (VERY IMPORTANT)

3 - General Case :
We use it to solve both cases above and get the complete response 

X(t) = X(     )  +  [ X(O  ) - X(     ) ]  eThe Rule :

t

&

&--m- i-A25 55;8
..
% , 0%-

-

8/24 ,5-55jj1...

·>158,

- -

-
T

- -
-> -

·STUDENTS-HUB.com

https://students-hub.com
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First - The Inductor ( L ) :

1 - There is no voltage across the inductor if the current through 
it is not charging with time , so we convert it into short circuit

2 - a finite amount of energy can be stored in the. Inductor even if the 
voltage across it is zero , according to the following law

3 - the inductor never dissipate energy , it only stores energy

t = 0                                            t =  

♾

 AND    t = 0 

↳di the value of * I prime

It(t) = Ex(0) +1(t)d , 10

Energy of the inductor : Will-H

t -

I = 0

3 ] 3
* At t-ot the inductor * Att = - And t =0

-

,
the

Can be considered as a inductor can be considered
Current Source . as aShort Circuit

*The inductor stores Current
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Second - The Capacitor :

1 - There is no current across the capacitor if the voltage across it is 
not charging with time , so we convert it into open circuit

2 - a finite amount of energy can be stored in the capacitor even if the 
current across it is zero , according to the following law

3 - the capacitor never dissipate energy , it only stores energy

t = 0                                            t =  

♾

 AND    t = 0 

Jibreel Bornat

34

Ic =CdV C value * V prime

dt

(1) = V(0) + !((t)dt , 10

Energy of the Capacitor : We (t)-1 C VE)

t -

7] J: ].
r

* At t-ot the Capacitor * At t =- And t=0-
,
the

Can be considered as a capacitor can be considered

Voltage Source . as a open Circuit (zero Voltage)
-

* the capacitorStores Voltage
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Series parallel combination of inductors and capacitors

1.1 - series inductors : 

1.2 - parallel inductors : 

2.1 - series capacitors :

2.1 - parallel capacitors :
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) -mererr Leg
Leg = L + La + Ly

de

2s Tea
1

- + c + = Ceg
Leg

a) Ce=C + 2 + C,
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First Order Circuits (RL and RC)
The circuits that include inductor or capacitor BUT not both

First order circuit = First order differential equation 

1 - Natural Response (discharging) :
It happens when we switch from the battery to a resistive network
And it can be RL or RC circuit

① RL circuit 

Jibreel Bornat

i(t) = i(     )  +  [ i(O  ) - i(     ) ]  e

*

*

· I(h)
· (ot = 10%) - Vs

T I current
source & VsReg R

& t ime Constant : J = /R

-
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Example
after switching it out find
↑- EL(t) for E 7,0

Step 1
findElo ,

from the circuit directly or on the law

Since we have a current source 10 = 20 A

Step 2 :-

After switching we get a natural

response circuit ,
then we find

1.I J-L/R
, R : 10/40 + 2 = R = 101

T--2/10 I = 0 . 2 ,
S
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② RC circuit 
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Usually           in the natural response is equal to zero 
because we don't have ay source to supply the circuit

V(t) = V(     )  +  [ V(O  ) - V(     ) ]  e

20i(*) You have to find i when the capacitor became
open Circuit or the inductor became short circuit :

we don't have any sources i (8) = 0
&

↑ (t) = i(0) + (i(04 - ((0) e/ ·i
ict) = 0 + 120 - 01e

St

↑ (t) = 20 e-5t
Note : i(x)

2. Ex (t) for t >,0
+

we use current divider rule

10 * -EE)id
10 + 40 05615

*

-Sh
· 0 .2 * -20 5t Folt) = -Ye

3. Vo (t) for t 0+

- 5t
Vo = to * Ruo =) Vo = - Ye * 40

= Vo = -160 est

· I(h)

· Vot = Velo) = Ve *

· time constant : J = RC
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Jibreel Bornat

Example 2
After Switching X-oX find
1. Vc(t) for t 0
like the steps above

v 10% = Vs Velo : 100

5

. RC
,
R : (240060) +32 R = 80k1

5 0 . 3 80 I : 40 mist

V(x) = 0

Wit = 0(100-0)est VI-100e'est

2. voll) for 10t

by Voltage divider rule ,
48 * 100 e-25t
48 +32

Volt) = Go east for to"

3. Folt) for t 0 +

-25t
&o(t) = 60 2 = Folt) = e-25tmA

60

4. Total energy dissipated by 60k1
Step 1
find the Power at Gok1P- * R
P-(e-23)" * 60K =) P : 60 esomm

Step 2
do integration from ZERO to

*

~/60 o-borsowe
·STUDENTS-HUB.com

https://students-hub.com
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Example 3 for Step response
1- find i(t)
we do source transformation to

get Vs = IRVs = 80
↑ 10%Us 110 = -DA

R

: (0)=
ToL/R [ = (2000) 2 t = 0 . 1

- 10 E
ilt) = 12 + (-0-12/e it = 12 - 20 e

2. rat inductor after switching to f
- 10 E -10t

V =LV = 0. 2 *2004

3. t when the voltage of the inductor = LITT
- 10tfrom the low above V- 40e

25 : 40 e-lot =) 25
= clot = In (5) InTo

- 0. 47 = -10t = t = 0.0473

* Note : :(0 = 110) Just for the inductor
↓(ot) = Vlot Just for the Capacitor

·STUDENTS-HUB.com

https://students-hub.com


Jibreel Bornat

Example 4 : Dependent Source
↓ - find VCE) -
Step 1

Normally find i at t = o,

↑ (0% = 1015 = 110 =2

r(0) = 0

Step 2

Since we have dependent source we find Thevinin

equivalent Circuit at t = x

in
-

let V =G ↓ iz
then we make- · ·

source transfer.
and apply KUL
- 6 + 2i+ + 2 =0 -[i + =4) iT = 2A

Rth=W Rth= Rth = 3r

iT
T = /Rth T=

3

&

Step 3

find Vori at t = o
+

Using KCL

-Capacitor - Voltage source

-Inductor- Current source

↓:VVo
VC) = 0 + 1 - 6-0) e- VIt) = -6e
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