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1-02-f <RC and RL Transient Circuits>

1. Instantaneous Value od RC Circuits

Finding the Voltage or Current at a Particular Instant of Time !

Occasionally, you may need to determine the voltage or current at a par-
ticular instant of time that is not an integral multiple of 7, as in the pre-
vious sections. For example, if

Ve = 20 V(1 — e712m9)

the voltage v, may be required at # = 5 ms, which does not correspond to
a particular value of 7. Fig. 10.30 reveals that (1 — e ) is approximately
093 at t = 5ms = 2.57, resulting in v, — 20(0.93) — 18.6 V.
Additional accuracy can be obtained by substituting v = 5 ms into
the equation and solving for v, using a calculator or table to determine
e¢~%3. Thus,

Ve = 20 V(I — e=5m2ms) — (20 V)(1 — e~25) = (20 V)(I — 0.082)
= (20 V)(0.918) = 18.36 V

Find the Time to Reach a Particular Level of Voltage or Current

For example, solving for ¢ in the equation

ve = Ve + (Vi = Vy)er

results in
-V -V
t = 7(log,) u = 7(In) u (10.23)
(ve = V) (ve = V)
noting than
log, = In

For example, suppose that
ve = 20 V(1 — e71/2ms)

and the time f toreach 10V is desired. Since V; = 0 V,andV, = 20V,
we have

t = 7(In) Vi=Ve) _ = (2 ms)(In) (0V -20V)
(UC—Vf) (10V —20V)
. —20 V\] _ o
=2 ms)[ln( —10V” — (2ms)(In2) = (2 ms)(0.693)
= 1.386 ms
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For the discharge equation,
ve = Ee?" =V, (e")withV, = 0V
Using Eq. (10.23) gives

vV, -V -
t = 7(In) Vi=Vy) _ r(ny iz 0V)
(’UC—Vf) (ve — 0V)
and t =7 In Vi (10.24)
Ve
For the current equation,
. E _.,.. _E _
lczﬁeﬂ II—E If—OA
I.
and t =In — (10.25)
e

10.9 THEVENIN EQUIVALENT: r = R,,C

EXAMPLE 10.12 The capacitor in Fig. 10.64 is initially charged to
40 V. Find the mathematical expression for v, after the closing of the
switch. Plot the waveform for v ..

Solution: The network is redrawn in Fig. 10.65.

Ey:
£ _ RE __ U8kHU20V) oy
™7 R, + R, + R, 18kQ + 7kQ + 2kQ
Ry R, = R, + R;||(R, + R,)

Ry = 5kQ + (18 kII(7 kQ + 2 kQ)
= 5kQ + 6kQ = 11kQ

Ry R,

—o——Wy Wy

Thévenin 5 k{} 7k
+ +
40V C 40 pF R3§18k0 E="120V

2kQy =

FIG. 10.65
FIG. 10.64 Network in Fig. 10.64 redrawn.
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Therefore, V. 40 V and Vf =80V

and T = R;,C = (11kQ)(40 uF) = 0.44 s

Eq. (1021 wve =V, +(V; — Vf)e"’T
=80V 4+ (40 V — 80 V)e1/044s

and Ve = 80V — 40 Ve /0445

The waveform appears as in Fig. 10.66.

Ave

80V [---------====
40V/7=0_443

FIG. 10.66
v for the network in Fig. 10.64.

EXAMPLE 10.13 For the network in Fig. 10.67, find the mathematical
expression for the voltage v after the closing of the switch (att = 0).

Solution:
Ry =R +R, =60Q2+100 =160
E, =V, +V, =IR, +0
= (20 x 1073A)6 ) = 120 x 1073V = 0.12 V
and T = R,C = (16 2)(500 x 10~5F) = 8 ms
so that ve = 012 V(1 — e—#/8ms)

RZ

MWy )

10 Q -

1(D20mA§R1=69 _T_ N
500 uF v,

.

FIG. 10.67
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10.10 THE CURRENT i,

dvuc

ic =C— (10.26)

The capacitive current is directly related to the rate of
change of the voltage across the capacitor, not the levels of
voltage involved.

EXAMPLE 10.14 Find the waveform for the average current if the
voltage across a 2 puF capacitor is as shown in Fig. 10.68.

Ve (V)
) S ——
I
I
!
[y - !
b |
1l L | 1 i t
0 t 31 2 3 4 12 (ens)
o 7
At
FIG. 10.68
vefor Example 10.14.
Solutions:

a. From 0 ms to 2 ms, the voltage increases linearly from 0V to 4 V;
the change in voltage Av = 4 V — 0 = 4 V (with a positive sign
since the voltage increases with time). The change in time
At =2ms — 0 = 2 ms, and

Av,
At
=4x1073 A =4mA

e, = C

=(2><10-6F)( 4v )

2x1073s

b. From 2 ms to 5 ms, the voltage remains constant at 4 V; the change
in voltage Av = 0. The change in time At = 3 ms, and

. From 5 ms to 11 ms, the voltage decreases from 4 V to 0 V. The
change in voltage Awv is, therefore, 4 V — 0 = 4 V (with a nega-
tive sign since the voltage is decreasing with time). The change in
time Af = 11 ms — 5 ms = 6 ms, and

: Av 4V

=C C = _(2x10F)————
e At (2% )(6 X 10— s)
ir =—-133x102A = -1.33mA

av
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d. From 11 ms on, the voltage remains constant at 0 and Av = 0, so
ic,, = 0 mA. The waveform for the average current for the
impressed voltage is as shown in Fig. 10.69.

ic (mA)

4

1 2 3 4 6 7 8 9 10 1|1 12 t(ms)
B Y

FIG. 10.69
The resulting current i for the applied voltage in Fig. 10.68.

3. Instantaneous Value of RL Circuits

11.9 INSTANTANEOUS VALUES

The similarity between the equations
ve = Vi+ (Vi + Ve
and I, = If‘i‘(]; —If)e"‘”

results in a derivation of the following for 7 that is identical to that used
to obtain Eq. (10.23):

(Ir' B If)
(L = 1))

t = 7 log, (seconds, s) (11.26)

For the other form, the equation v, = Ee~"/7 is a close match with
v, = Ee™"'™ = V.e~"'", permitting a derivation similar to that employed
for Eq. (10.23):

t =71 logeE (seconds, s) (11.27)

vy,

For the voltage vy, V; =0V and V, = EV since v, = E(1 — e™"").
Solving for ¢ yields

E
t =11 —_—
T Og‘"[E

Vf
—_— (seconds, s) (11.28)

or t=’rloge[
f— Ur
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11.10 AVERAGE INDUCED VOLTAGE: v,

— —

average induced voltage is defined by

~
vy, = L7 | - (volts, V) (11.29)

where A indicates a finite (measurable) change in current or time.
Eq. (11.12) for the instantaneous voltage across a coil can be derived
from Eq. (11.29) by letting V, become vanishingly small. That is,

Ve = MMER =

EXAMPLE 11.8 Find the waveform for the average voltage across
the coil if the current through a 4 mH coil is as shown in Fig. 11.54.

Ai, (mA)
10+
51
i L W S R .
0 1 2 3 4 5 6 7 8 9 10 t (ms)

FIG. 11.54
Current i, to be applied to a 4 mH coil in Example 11.8.

Solutions:

a. 0to 2 ms: Since there is no change in current through the coil, there
is no voltage induced across the coil. That is,

g, 0
=B g~y
b At At
b. 2 ms to 4 ms:
: 10 x 103 A
v, =LA — (4 x 102 m)| 22X A) 50 %102V =20mV
At 2% 10-3s

c. 4msto 9 ms:

ULzL%z(—4XIO‘3H) =—-8x103V=—8mV

S% 1038

10 510 A]
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d. 9 ms to oo:

0
v, = L—=L— =0V
L At At
* v, (mV)
20 +20 mV
10+
ov ov
L | | | | | 1 |
012345678?10t(ms)
1ok -8 mV

FIG. 11.55
Voltage across a 4 mH coil due to the current in Fig. 11.54.

the voltage across the coil is not determined solely by the

magnitude of the change in current through the coil (A, ), but
by the rate of change of current through the coil (Ai, /At).

11.12 STEADY-STATE CONDITIONS

10V
=L -2 _3sa
R, 20

R]
Wy
20 I
1+

20 |h
L=2H§‘ RZ30 E__—__IBV

|||
|
e
M
(9]
=

FIG. 11.60
Substituting the short-circuit equivalent for the inductor fort > 57.
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;  10mH I
Rl Rl
MW Wy
50 ¥y t, 50
6 mH Vi
+ +
E=2v RZ60 - =21V RZ60
R, <30 R, <30
— — %\(—/
FIG. 11.61

Establishing the equivalent network fort > 57.

Applying the current divider rule yields

R _ (69)10.5A) 63, .,

'""R,+R, 6Q+30 9

EXAMPLE 11.10 Find the current /, and the voltage V. for the
network in Fig. 11.62.

Rl + T}“ -
Wy Ik
20 c
. ILl Ly
E=10V R3§4Q*E
R, =30
FIG. 11.62
Example 11.10.
Solution:
10V
I, =—f - — " _2a

R, +R, 5Q

v _RE _(30)10V) o
R, +R  30+20
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EXAMPLE 11.11 Find currents /,and 7, and voltages V, and V, for
the network in Fig. 11.63.

R d R L
| — 3 -
MWN—B00——WA—T00*
X 20 I, 10 L, R4é4“
i 50
E =50V R, N . R5§ 70
C1’|\ Vi G T~V2
L.
FIG. 11.63

FIG. 11.64
Substituting the short-circuit equivalents for the inductors and the
open-circuit equivalents for the capacitor fort > 5.

Solution: Note Fig. 11.64.

I, =1,
B E B 50V _S0v 5A
R +R,+R, 20+1Q+7Q 10Q
V, = LR, = (5A)7Q) =35V
Applying the voltage divider rule yields
(Ry + R)E (1 +7Q)(50V) _ (8Q)(50V) 40V

' R fR, +R, 20+10+70Q 100
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7. _Glossary — English/Chinese Translation

English Chinese
RL circuit RL EBE§

RC circuit RC EBES

Instantaneous value BRAE

transient circuit B ERER

Thevenin equivalent circuit BTN R

induced voltage RARIEE E

steady state condition RS
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Your Notes:
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