RC Circuits (32.9)

_ , @ We have only been discussing DC
(a) Before the switch closes . . . .
The switch will-, circuits so far. However, using a capacitor

close att = 0.

BN 2 we can create an RC circuit.

@ In this example, a capacitor is charged
but the switch is open, meaning no
current flows.

Charge 0, @ The switch closes and current flows
B through the resistor, discharging the

capacitor. The current stops once the
capacitor is discharged.

@ The voltage around the loop is

Charge Q T}.;e current is reducing the A VC _|_ AVR — 9 — /R — 0

AV. = QIC charge on the capacitor. C
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@ The rate of charge leaving the capacitor is equal to the rate of
charge passing through the circuit (the current)

- _9Q
- dt
@ The loop then becomes (dividing by R and rearranging)
Q
E_IR =0
Q dQ
E-FFR =0
£+§ =0
RC dt
aQ 1
Q -~ “rc®

@ We can solve this by integrating it.
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@ The integral is
Q t
Q__1 (4
QO Q RC 0
@ We can do that integral

InQIg =InQ-1InQ :m(oﬂ):_R_"C
0

@ Solving for Q gives

Q= Qe "fC = Qe /"

where T = RC is the time constant of the circuit.
@ The resistor current is then

dQ QO —t/T_ QO —t/T_AVC —t/’[
gt - 7 ° rc® ~ R °©

—t/t

|=— :/oe
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@ b)
Charge Q An exponential Current
" decay curve
3 The charge has
. decreased to
— O H #737% of its initial I The current has decreased to
’ WAlIE B 7 ! 37% of its initial value at t = 7.

The charge has {

decreased to
0.37Q,1- - - - #13% of its initial 0 377,4- - - -

¢ valueatr=2r. ' |
0.13Q0,4--------= ' i
- O : T T t App— 0 :|. : T T t
0 T 27 37 0 0 27 37
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Charging a Capacitor

(a) Switch closes at7 = 0's.
‘._‘ R
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+——
£ = =
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(b)

Charge Q
sz\x
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