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Transient Analysis of RC circuits

» Consider the RC circuit shown in Fig (a). Assume that the switch is
closed at time t = 0 and assume that the voltage across the
capacitor at the time of switching is zero.




» Voltage across the capacitor is

» Taking inverse LT, we get the capacitor voltage as

_1y

vet)=E(1-e R°)

» The circuit current and the voltage across the capacitor vary
as shown in Fig. below
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Transient response of RC circuit —
With initial conditions applied

Consider the circuit shown in Fig.(a). Let us say that with the switch in
posifion S,, steady state condition is reached. Now, the capacitor is
charged to voltage E and will act as open circuit.
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t time t = 0, the switch is furned to position S,. The fransform circuit for

time t > 0 is shown in Fig. (b).

Considering the transformed circuit  1(s) =- ts _ _EC _ E/R
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Taking inverse LT i(t) = - Ee Re

The capacitor current exponentially changes from — E/R to zero with
ime constant 1/ RC.



Since R I(s) + V(s) = O the voltage across the capacitor is

Ve(s) = - R1(s) = ——
S+ ﬁ
1y
Taking inverse LT ve(t)=E e R¢

The Capacitor voltage decays exponentially with fime constant
1/R

current and voltage transients are given by the above two
quations are shown in Figure
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General case of finding the
Capacitor Voltage

®» |n the previous discussion, it was assumed that the initial
capacitor voltage V~(0) = 0.

®» There may be initial charge in the capacitor resulting non-

zero initial capacitor voltage . Further, the circuit
arrangements can also cause non-zero initial capacitor
oltage.

For this purpose consider the circuit shown below. The
switch was in position S, for a long time. It is moved from
position S, to S, at time t = 0.
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We shall assume the following:

1. Af time 1t = O the circuit was at steady state condition
with the switch in position S,

2. After switching to position S,, the circuit is allowed to
reach the steady state condition Thus, we are
interested about the transient analysis for one
switching period only.

Initial capacitor voltage V-(0) is E; and the final capacitor
current V(x),will be E,.

THe more general expression for the Capacitor voltage
can be obtained as

Velt) = Veleo) + [Ve(0) = V(o) JerlER)!




Circuit with multiple resistances

In order to calculate the fime constant 1/RC for circuifs with
multiple resistances, following steps to be followed

1. Calculate the Thevenin's Equivalent resistance across the
Inductor (i.e inductor as the load )

2. Time constant is given by 1/CRth




Summary of formulae useful for
fransient analysis on RC circuits

1. Time constant T = RC a=1/RC

2. When the capacitor is discharging from the initial voltage of E
1 v(t)
Ve(t) =E e € EI\
T >
t
3. When the capacitor is charged from zero initial voltage to final voltage of E
1 Ve(t)
—t
ve)=E(1-e ")y  Efrmmmeeeeeoooooeees

I "‘
t
4. When the capacitor voltage changes from vc(0) to v (=)
4 vel(t)
1
ve(t) = ve(e0) + [ve(0) - ve(0)] & T° Vel®=) [T e
Plot of ve(t) depends on values of ve(0) and ve(=0) /
>
dv.(t) t
5. Capacitor current ic(t) = CT
ve(0)
E

)= e




Problems

P.4.15 Consider the circuit shown below. The switch was in closed
position for a long time. It is opened at time t = 0. Find the
current i(t) fort > 0.

500 O %L : 1 | 5w
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» Solufion Circuit atf time 1 = 0 is shown.

200 '
200 + 500

ve(0) = 35 X Y

For time t > 0, capacitor voltage of 10 V is discharged through a
resistor of 250 Q.

» Time constant RC=250X2X 103=0.55;
SO Vc(t) = V(o) + [Vc(0) = V(o) ]e/ER
= 0+(10-0) e(I/CRIt =10 e-(1/0.5)t
ic(t) = (E/R) e /RC = (10/250)e /0> = 0.04 e2' A



P.4.16 A series RC circuit has a constant voltage of E, applied at time 1 =
0 as shown in Fig. below. The capacitor has no initial charge. Find
the equations for i, Vi, and V.. Sketch the wave shapes. E= 100 V
R =5000 Q C =20 uF
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Solution

= V(o) + [Vc(0) = V(o) e VRN 0.02 A

) =0; V(o) =100 ; So V(t) = 100+[0 — 100] e-(1/0-1)1 \
=100 (1 -e0) Vv ———

ic(t) = (E/R) e /RC = (100/5000)e 01 = 0.02 10" A

oltage across the resistor is V() = R i(f) = 5000 * 0.02 =10 = 100 e~10" A




Consider the circuit shown. The switch was in open position for a
long time. It is operated as shown. Compute and plot the
capacitor voltage for t > 0. Also find the time at which the
capacitor voltage is 50 V.
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ircuit af fime 1t = 0~ is shown in Fig. (a).
itor acts as open circuit. |,, Q = 0. A 25F g
i
Volyjage V, = 80 V and voltage V; = 60 V c e /L
ThUS VC(O) :20\/ ( 80V . T EY
ith the switch is in closed position, the circuit - 160 T
L s 0

will be as shown in Fig. (b). (b)

With the steady state reached, Capacitor acts as open circuit.
I, Q =0. Voltage V, =80 V and voltage V; =0 V.

Thus V(o) = 80 V



RC=16X25=405 t ve(t)
80\ oo
Using Vc(t) = V(o) + [Vo(0) = V(o) e 1/CRI
V(t) = 80+[20 — 80] e-(1/401
= 80 - 460 e0.025t \/ 20V
Plot of the capacitor voltage is shown. 1

Let t, be the time at which the capacitor voltage = 50 V.
Then 80 - 60 0025 = 50
l.e/60e0025M =30 or e 0025t =0.5

hus t, = 27.728 s

Consider the circuit shown below. The switch was in position S1
for a long time. It is operated as shown. Compute and plot the
capacitor voltage for t > 0. Also find the fime at which the
capacitor voltage becomes zero.
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Solution

Voltage V-(0) =-20 V Circuit for time t > 0 and ifs Thevenin'’s
equivalent are shown below.
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\V'Th X25=20V SO Vc(w) =20V

Rm=5|| 20=40;

RC=4X0.5=2s
Using Vc(f) = V(o) + [V(0) = V(oo)]e 7RI
Vc(t) = 20+[- 20 — 20] e (/21
= 20 - 40e" 0.5t Vv
ic(f) = (E/R) e '/RC = (40/4)e05 = 10 05t A




Let t1 be the time at which the capacitor voltage reaches
zero value.

Then
EEEIEE- =0, e .e %M =05
Or -0.51, =-0.6931; Thus t, = 1.3863 s

Capacitor voltage reaches zero value at time t;, = 1.3863 s



RC Circuit RL Circuit

k3 1=RC;a=1/RC t=L/R; a=R/L

Switching at 1 =0; V-(0*) = V(O) Switching at 1 =0 i (0*) =i,(0)

With DC, at SS capacitor acts as With DC, at SS inductor acts as

open circuit short circuit

Vc(0) # 0; V() = 0; Then i (0) #0; i () =0; Then
Ve(t) = Vc(0) e i (t) =i (0)e™"

Vc(0) =0; V(o) # 0; Then i1(0) =0; i (o) #0O; Then
Ve(t) = V(o) (1 - e™T) i (t) =i () (1-€7T)
Vc(0) #0; V(o) #0; Then i (0) #0; i (o) #0; Then

Ve(t) = V(o) +[Vc(0) -V (oo)Je VRE i (1) =i (o) + [iL () - i (o0) &R/

ie(f) = CdV(1) V, (1) = Ldi(t)
dt dt
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