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RC DC Circuits:

The resistor and capacitor may be the equivalent resistance and equivalent capacitance
of combinations of resistors and capacitors.) Our objective is to determine the circuit
response, which, for pedagogic reasons, we assume to be the voltage v(t) across

the capacitor. Since the capacitor 1s mitially charged, we can assume that atttmet =0,

the initial voltage 1s
w(0) = Vo

with the corresponding value of the energy stored as
1 2

Applying KCL at the top node of the circuit

ic+ip=20
By definition, i- = Cdv/dt and iy = v/R. Thus,
dv v
HTR
of
du v
@ "re = °

This 15 a first-order differential equation, since only the first derivative of v 15 inwvolved.

To solve 1t, we rearrange the terms as

d
v RC
Integrating both sides, we get
f
Inv=——+InA
RC s

where In A 15 the integration constant. Thus,

U t
A RC
2
i) = %" —_ZetA t>0
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Taking powers of ¢ produces
o(t) = Ae /R

But from the initial conditions, v(0) = A = V. Hence,

U[r'} — LJDE—!.JIEC

This shows that the voltage response of the RC circuit 1s an exponential decay of the mitial voltage.

Smce the response 1s due to the imtial energy stored and the physical characteristics

ot the circuit and not due to some eXremal voltage or CUMTENT SOUICE,
1t 15 called the natural response ot the circurt

I |

Fig. 3.3.1 plot.

[Source: “Fundamentals of Electric Circuits” by charles K. Alexander, page: 240]

This implies thatat f = 1. .
Voe T RC = v,e~! = 0.368V,

or

T=RC

In terms of the time constant, Eq. (7.7) can be written as

u(t) = Ve /T

Problem1:

The switch in the circuit in Fig. 7.8 has been closed for a long time, and it is opened at t

= 0. Find v(t) for t > 0. Calculate the initial energy stored in the capacitor.
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Fig. 3.3.2 For probleml.

[Source: “Fundamentals of Electric Circuits” by charles K. Alexander, page: 242]
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Solution:
For t <0, the switch is closed; the capacitor is an open circuit to dc, as represented in

Fig. 3.3.3(a). Using voltage division

9
ve(f) = 55 (20 =15V, 1<0

Since the voltage across a capacitor cannet change instantaneously, the voltage across the capacitor

att =0 1sthe same att = 0, or
ve(0) = Vo= 15V

Fort = 0, the switch 15 opened, and we have the RC circuit shown the independent source
is needed to provide vy or the mitial
Th-e 1-£2 :wid 9—5.'3- rﬂs1s:mrs 1:1 Series give
Rq=14+9=10Q
The time constant 15
T=RgC=10x20%x10"° =025
Thus, the voltage across the capacitor for f = 0 1s
u(t) = ve(0)e™T = 15¢702 v
o1
u(t) = 15¢ > V

The mitial energy stored in the capacitor 15

1 1
we(0) = E-f:ug(::l} =5 x20x 107° x 152 =22517

Fig. 3.3.3 For probleml.

[Source: “Fundamentals of Electric Circuits” by charles K. Alexander, page: 243]
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