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Chapter # S
Natural and Step Response of RL and RC Circuits

In this chapter our goal is to find \ and | 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 : N
t=0 —> After the sudden change
t=0 —> At the sudden change
t=0 —> Before the sudden change

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

What are we going to work on ?

1 - Natural Response :
find | 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 | and V when we have a current or voltage source in the circuit
S0 the energy is being acquired by L and C

3 - General Case :

We use it to solve both cases above and get the complete response
piateisn o b nhd, i o b 0 0N S BB a8 ¥
C_t dis N co\B P\ gy 3L , W\o— Febensi\an ol

o QLN 3\ oM = _te 2 5\ b J-2

-t/t

iThe Rule: X(t) =X(eo) + [X(0) - X(e=)] e
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first - The Inductor (L)

= the vode of L % T Price :

________________

L
I (L) = T (o) .l f\w) Jt, Lzo .

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

Enerqy of L incluctor: E L (E) =_:‘)_: L Ii“:) E

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

3-%

t=0c0 AND t=0

I=o0

E E:)

¥ AL L =0" b Wndlctor
Con be Conoidened @ a
Currenlt cource .

¥ AL Lz co And k=0, Lk
inovClor Con be Considered
as a Ghof‘: C;(‘Cul'k

¥ Tre ingJuctor Skores Currerd
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Second - The Capacitor :

E IC.= C ﬂ E_.,) C Voluve * V-()M'mg —/’ +
- C==<v

L -
Ve () = Ve (o) +__L_JI¢(L)JL- , L 30 o

1 - There is no current across the capacitor if the voltage across it is
hot 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=0c0 AND t=0

. _l V=0
—

]

¥ Ak L =0" b Capacitori ¥ AL L = co Asd L=O, Lk
CaPaC it o~ Con be Considered
as a ope/\ Cl'(‘C,ul'E

Con be Coneidered s o
Vo lkage Source .

T — E

¥ |ha CaPacikor Slores Volkage
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Series parallel combination of inductors and capacitors

11 - series inductors :

1.2 - parallel inductors :

L.

Lo
Leq. = L|+ L&*L;

L.

L;

2.1 - series capacitors :

L eq L| L& L3

Ceq_ - C,

2.1 - parallel capacitors :

C,

C2
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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

(D RL circuit

o Llime Consktants L = L/R

)
]
]
}
]
]
-t /T. :
]
]
]

o iM)=i(ex) + [i(0M)-ife=)] e

EXa«naL', i f—()>< ;

20 0

OCI:CP QWI'ECM\Q it out CMOI @ % \ «
20 A

I- T for L 2o o.mw 2H $100 70,3400

GSlep 1 ¢-
Cind I(o) ,from khe Circuil dreckly or on b law
oince we hawe a Curred cource = L (07) = 20A

Slep 2 o- 20 L,

Apl:t/‘ QWI'EC)\MB' we S&k C naturel //l - 00 :§4OQ
resPonse Cincuik , than we [ing/

|1°—E T=L/R , R 10,0 +2 = R =10n

T=2/10 = T =i.xs
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2o \. LGC) )/ou hewvwe Lo Cmﬂ ' When e Ccefocitor~ becume

O0Pen Circuit or b ing/vchor become Shork Circuit ¢

20 I

we chbn’l howve any Sources =3 | (e0) = 0O —

1E) = i(e0) + (i(0") - i(=0) e™¥T in)| o 2100 0,3400
ity o +(2 -0)¢e " ]

i (k) = 20 e~ St

MoEe ¢ Usually i(=2) in the natural response is equal to zero
because we don't have ay source to supply the circuit

2- Tot) for bt 2 0F

we Use Curred civicer rule

10 % (-Telt)) wossas— 38
lo + Yo o\-2 20 //lézH %1()9!‘§4()Q
-S _
= 0.2 ¥ -20¢ : st

= Iot) =-Ye

3_ Vo (L\ ‘Ol‘ I.T ZO-'- s L
Vo =TIo x Ruo = Vo = -ye ~ x HO

=5 Vo = - |60 e.se
@ RC circuit
. f'.[(l:)
. o V'Q(O') = \fc.(.O"') = \/e E _t
e kime conskont s L = AC
e WD =Veo) + (UOD -UeTE |/
' ' = Vs

______________________________________________
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Exaomde. 2

ACLe~ Swikching X = Y find
I- Ve (L) for k 20

like Lha SkepPs abowne

Ve(o™) = Vi => Ve(o)= loo

L- Rc , R (4o /60) +32 =5 R=80kn
T=0'5¥80 =Y T= Uo M.S
V(eo) = O L
V(t) = o(\oo-0) e.”t =5 V(b = loo e'ls
2- Vo(Ck) fOr Ets ot st
by Volkage chvickr rute , _UE x looe
n— Y& +32
Vol(t) = 6o e for b 20"

3-— Io(k) COPE%'?S: 25 L
Tolk) =_boe _y Tolk) = €5 mA

6o

Y- Tobod onergy clissipated by bo K S
okep | .
Cind Lhe Power ok BoK L = P=Is % R
P=(e) x6ok =5 P=6o €°mw

Skep 2
oo i'nkegbwétbn fr\om ZEQ\O Lo O
oo

w :]50 €’ z0o-(-60/s0) = D= 1ams

\ 4

o
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Exaemde. 3 [or Ghepf response SN

1= Fined § (&) 20 o X
we chb Source trandormadion ko L+ ¥
gek Vs = IR =y Vi=8o T . I ZOOmH%O“A¢
\(07) = (o) = -8A -
(o) = V= 224 _¢ i(o0) = I12A
R A

C=L/R =>T=(2oo*lo-3)/l = L=o0.1

. -k . -ok
k) = 12+ (-8-12) €01 =5 ib)= 12-20€ "

2+ \[ ek ingfuctor after SwikChing Lo b .
Valc/i =y V=0.2% 200e°" _yv=Ye"

c/k

3- L wen Eh V“oll:&ge of Lle \nodvclor = yA-vA
from Lre low e¢bove V= Yo e-lol—. i
25 = Uo e®" =y 28 _ elob _( In (25> zlne™

yo Yo
-0.Yz = -lot =5 E=0.0yz S

¥ Moke 31 i(0*) = i(o7) Svst for bre inductor
'V (o%) = V(07) Sust for bre Copociter
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E'XPW\PL& Y % Delenfet Sourece
" ﬁm&/ V—(E\ t=0
Skep | _%/ r °
Mormolly Fined | ok l:=o-,aom§

I(0) = Wo/s => ((07)=2 wv= i
V(eo) = O i

Step 2 o
Sincwe We howe 0‘6,0%(/@.}, Sovrce WwWe C.'nd | havinin
e?wt‘valbwf CirCuik ek b = co

let \Fr=6 =) .
bhon we messa (1) =20 T = E 0O
Sovnce +ronsfer. o o

one/ 0PPW VL
-6 +2iT+2 =20 =y 2it=4 = \t= 2A

Rth = Vi g Ren=6 g Rin =30
\r A

L= L/ P\B"\ => L= 2

2
SLtep 3 I :
Findd Vor i ok t=o0" Using KCL VLO)<T> m§ ZACD Vo(0")
- CapPocito~ —p Volkoge Sovrce ° el
- Ingclor —y Curredd Gource

VMo - Vo _2 =0 :_—)VB=V~CO"')=—6V
6 2 L 3k

-3
Vet =0 +(-6-0)e T = Vity= -6e =

\ 4
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