Practice 1: RC Circuits

Example 1:

Find the output of the following simple RC network, with:

Solution:
1.

R, C, Vin given. R VVVVV

The switch closes at t=0.

V(0)=Vo , @ LS .

Let’s write the KVL of the circuit: =

V,, (1) =V, (1) + Ve (1) =V, (t)+ic (1)R

V, =V. +RCV, = 7V.+V, r2RC

Next we'll find the homogenous solution to the simple differential equation:
V()= Ke /"

The solution is the homogenous plus a particular solution, so we’ll guess the particular
solution:
V,, (1) =V,

cp in

And find K, using our knowledge that V.(0)=Vo:
V, (1) =V,, +V,, =Ke * +V,

V,(0)=V, =Ke 77 +V, =K +V,,
K=V,-V,

Finally, we’ll put it all together:

V(1) =(V, =V, )& /% 1V, =V,e ke +(l—e%*c )vin

It is useful to extract t from this equation, in order to find time delays depending on

voltages:

e’%ac — Vc _Vin
VO _Vin

V, -V,

in = |
Vc _Vin o VC (t) _Vc (Oo)

t=RClIn



Exercise 2:

The following circuit is given with: R1

R1=100KQ, R2=2KQ, C=100pF

The switch is closed when Vou<0 R2

< V
in: Vin jr—
Vin: A Vin <+> o out
10V I

Draw a graph of Vou(t)

Solution:

1.

2.

We'll start at t<0. We have Vi,=-5V for a long time (steady state), so the capacitor is an
open circuit. Since the input voltage is negative, the voltage on the resistors is negative
and the switch is closed. We get the following equivalent circuit: RI

Vin =3V :VRl +Vout

=V, - R, _ 5. 2K _ ow §R2 Vou
R +R, 102K

out

At t=0, the voltage changes to Vi,.=10V. The capacitor’s voltage
stays continuous, so V¢(07)= Vc(0)=Vou(t<0). The switch is still cIosed,iFel

i
RL -» —»

- - - iRZ+
Ty =lro tlc

V— _V . V . . Vin % __C
in out _ “out 4 (3\/ + T  |Vou
RL R2 ™ <> e

SO our circuit is now:

N R1+R2 B \i

out Rl- R2 out Rl J__
Cw ;ut+ out = ivin

R1+R2 R1+R2
Vo4V, =V, =S RUR2 646606 v = —RE v _oov

R1+R2 R1+R2

From the first exercise, we can find the time that the switch opens (Vout=0):
t, =7In Vo Ve, :O.Zy-lnﬂzo.o&zsec

Vou (tl)—Vw 0-0.2



4. Now the switch opens and we get a standard discharging RC network until t;=10usec:

V, (t=t,) = (V, -V, )e 7R 1V,

[+

79.92//
V,(104—0.084)=(0—-10)e /1% +10=—10e % +10 = 6.20V

5. At t=10y, the Vin=-5V. The capacitor again has voltage continuity and the switch stays
closed. We have the same RC network with a different Vio.. We will now find the time

when the switch opens again:

t,—t,= Rc|nwzmﬂ_ I 8:29+5
Vou (t3)_vin

t,=t,+8.14 =18.14 usec

=8.14usec

6. The switch now closes again so we return to our second equivalent circuit, though now
Vin=-5V:

Vo (t=t) 4V, (t=1,) =V, V,, (0)=0
7,=0.19%usec V, = R2:Vy =—0.098V
R1+R2

Vout A

B.29V

[
18.14usec
> 0t
/ 0.08usec 10usec .
01V | T 3

T, = D_E[yﬂec]
7, =10.0] uSec|



