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Charging and discharging in RC Circuits
(continued)

Last Time: R

We learned that simple the Input node _.Output node
simple RC circuit with a step +

iInput has a universal Vin Q — C
exponential solution of the form: 3

V., = A + BeRC — ground

Example: R = 1K, C = 1pF, Vin steps
from zero to 10V at t=0:

e Initial value of Vout is 0 10-
« Final value of Vout is 10V 6.3V > :
e Time constantis 102 sec |

e Voutreaches 0.63 X10in 10° sec
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Charging and discharging in RC Circuits

For this example: R = 1K, C = 1pF,
Vin steps from zero to 10V at t=0: Input node R Output node

AN\ —¢
10-% +

Vin Q — C
6.3V [~ 5 -

>

. .
lnsec time —,

Note that we found this graph without even using the equation
V,, = A+ BetRC (That is we did not try to evaluate A and B).

We simply used the dc solution for t<0 and the dc solution for t>>0
to get the limits and we used the time constant to get the horizontal
scale. We only need the equation to remind us the solution is an
exponential. So this will be the basis of our easy method.
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Charging and discharging in RC Circuits
(The official EE42 Easy Method)
Method of solving for any node voltage in a single capacitor circuit.

1) Simplify the circuit so it looks like one resistor, a source, and a
capacitor (it will take another two weeks to learn all the tricks to do
this.) But then the circuit looks like this:

2) The time constant of the Input node R Output node

transient is t = RC. . q—/\/\/\/—o

3) Solve the dc problem for the Vi _

. . in — C
capacitor voltage before the transient.
This is the starting value (initial value) - —— ground

for the transient voltage.

4) Solve the dc problem for the capacitor voltage after the transient is
over. This is the asymptotic value.

5) Sketch the Transient. It is 63% complete after one time constant.

6) Write the equation by inspection.
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Charging and discharging in RC Circuits
(Example 1 of the EE42 Easy Method)

Find Vc(t) for the following circuit: (input switches from 2V to -1V att=0)

1) Simplify the circuit : 'r—

I v o

+ —
V'i‘ Q 2pF - 10K e

__L +
_ 3) Before the transient
2) The time constant of the \Vin = 2V so Ve =2v 2V
transientist = RC = 20nsec - 1
10K
4) After the transient is over Vin __ e

=-1Vso Vc =-1V. Thisis the +
asymptotic value. -1V
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Charging and discharging in RC Circuits
(Example 1 of the EE42 Easy Method)

Find Vc(t) for the following circuit: (input switches from 2V to -1V at t = 0)

1K 9K V
We have : Initial value of Vc is 2V,

final value is -1V and t = 20nsec
V|n — 2pF
5) Sketch Vc (1) :

\4/3 What is the equation for an
| « Initial val exponential beginning at 2V,
2 nitial vaiue decaying to -1V, with t = 20nsec?

0 [— |\}Qi >t (nsec)
2 ?O 4060 ™\ Final value V(t) =-1 +3e™

37% of transient
remaining at one
time constant
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OUR METHOD AVOIDS ALL MATH!
@ Sketch waveform (starts at Vco, ends asymptotically at V1, initial
slope intersects at t = RC or transient is 63% complete at t=RC)

@ Write equation: 2a. constant term A = limit of V as t ® ¥
2b. pre-exponent B = init(i)al value - constant term

0} 1 2 3 4
-1
R ~ 10-3 2
RC = 10— -
’X Out ‘g’ 3 \v/ = 5 4 56 t/.OOl
. * V. -0 g out
- In » VCo ~ 4
4 C i \_\_
— — .
10 time (msec)
9 \
\
8
\ -7
t=0 R _ ! - 1
out RC = 0.1nsec y g \ ‘V’n. = 2 +8e /1
’ o— v V v_. Q uu
+ in »Vo =10 4 =
1 1
—_— — 0
0 0.1 0.2 0.3 0.4 0.5

t in microseconds



EECS42 SPRING 2001 LECTURE 8 Copyright Regents of University of California W. G. Oldham

R 4 Examples

out
—\W\—r1 V, =A+Be '™
+
- Vl

N
t=0
E} —— C RC=0.01sec

VCO =0 VCO =5V

12 12
10 y, 10
s 8 A=10

5 5 B=-5

_ O 6 S 67
Vi = 10 > )
4
5 2
o 0
0 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04 C
time (sec) time (sec)
12 12
V — O 10 A=0 10 A=0
1 3 B=0 o B=5
5 5
6
g g o
4 AN
0 0 I —
0 0.01 0.02 0.03 0.04 0 0 0.01 0.02 0.03 0.04 0.05

time (sec) time (sec)
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COMPLICATION: Event Happens att® O
(Solution: Shift reference time to time of event)

6
Example: switch closes at 1nsec ¢ \
_ 4 - (t- 107 ©)
t = 1nsec R S 3 .6
S AN A out > — 2 10 ~
N » Co 2
—_—cC ~
N RC = 2msec 1 \
— — 0- E—

0 2 4 6 8

time (microseconds)
We shift the time axis here by one microsecond, i.e.

Imagine a new time coordinate t* = t-1nsec so that

In the new time domain, the event happens at t* =0
and our standard solution applies. Of course we
replace t* by t -1nsec in the equations and plots. Thus
iInstead of t* =0 we have t = 1nsec, etc.
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FINAL EXAMPLE

Your photo flash charges a 1000nt capacitor from a 50V source
through a 2K resistor. If the capacitor is initially uncharged, how long
must you wait for it to reach 95% charged (47.5 V)?

Solution: RC=2K " 10°=2sec =0

//'i

2K 40 —
Vo ya V=475 at
VVV q 30 / t="%7

+ | = /
o0V 103F Vo = OV /
10
0

By inspection: V_ =50- 50e’t?, sp O 2 A 6 8 10
time in seconds
475=50(1-e?) b e?2=(1-—5) b =
( ) a- =) t, =6sec




