Announcements
1. Hour exam results — hopefully available Wed.
 Will go over exam at Tuesday’s tutorial ( 6 PM)
e Time change????
e Fresh start on homework
2. Today’s topic — RC circuits
» Kirchhoff’s analysis
o Differential equations

 Time dependent currents and charges
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Analysis of DC circuits:

Elements:
wire resistor capacitor emf
R C
a b a b
MW= G aylte
Va0 — | QT -Q |
V,,= -IR V= —Q/C V,=€

out

The principles:
Kirchhoff’s rules

At any wire junction: 2 lin =2 lout lin

For any closed wire loop: AV =0 al:l b
d C
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Circuit with an emf and resistor:

—

EF=1R
be C I_d_q_é
;-—8 R dt R
ae e d
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Circuit with an emf and a capacitor:
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Circuit containing capacitor and resistor --

Charging a capacitor: —
Jing ¥ In a circuit, charge and current

Registor
are related by : | =
+ Capacitor R " dt
— AV AW
4 < 7{_ P I: -9 | lr’
S S +q 1
1| Switch q=0
i I ’/ (e i I T
Battery E >

(a) (b) t<0 (c) =0
When the switch is closed :

e-9 R0 = e_9_dap_j,
C C dt

2/7/2005 PHY 114 -- Lecture 9 5



First order differential equation for charge g(t) and

_dg
current I(t)=—
(t) i

g_9_ddp 4
Initial condition: g(t=0)=0

solution :
q(t) =CEL—e™™)

dg ¢& L
1(t) = d—? = Ret’(R& characteristic time constant
for RC circuit
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Solution: q(t) = C&(1—e )
dq Ce(l_e_t/(RC))_Cee—t/(RC) .

Check: 8—3—— =€—
C dt C RC

— 8_€+€e—t/(RC) _ee—t/(RC) — O r

Initialcondition: q(t =0) = CE(1—e ")

_CE(1-1)=0 d

=>» Mathematical analysis tells us that the solution Is unique.
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Charge Current

_dq _ € -txre)
o) =efe 1) 0=4-E6
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Discharging a capacitor

f%{} t>0
initigl condition: q(t=0)=Q _%_ IR=0 —
. solution:
g . q(t) = Q(e—t/(RC))
01 : : : : I (t) = d—q = —i
- dt RC
t/(RC)
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Online Quiz for Lecture 9
RC circuits -- Feb. 7, 2005

o) —

0 :-:I {; f{§ G :'_"_'w HgL

f= A} =1

Congsider the RC circuit shown in the diagram above. At t=0, the capacitor initialty

has a charge Q) -- (t=0)=Q. The capacitance iz 1 x 10°° F and the resistance is
R=5000W.

1. How long will iLtelee<fqr the charge to be reduced to 37%o of its initial value?
(A) 0.0001 s m (C)0.023 5 (D) 5 s (E) 23 s

2. How long will it take for the charge to be reduced to 1%o of its initial value?
(A) 0.0001 s (B) 0.005 s @ (D)Ss(E)23 s.

e" =0.01
—t/7 =In(0.01) = —4.605
—t=7-(4.605)~0.023
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RC circuit -- Discharging a capacitor through a resistor

—oic— —o—-—-’s S
f%{} t>0
initial condition: after the switch is closed:
q(t=0)=Q Y _|r=-0
C
_Qq_dap _
C dt
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Analysis:

Result :

q(t) = Q(e—t/(RC))

1(t) = dq — _&e—t/(RC)
dt RC
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General method for solving first-order linear differential equation
Assume we want to find q(t) in terms of constants A,B,C.
dg
a—+p0+y=0
it pa+y

Try solution form: q(t) = Xe" +Z
Substitute into equation: aX (Y)e" + B(Xe" +Z)+y =0

This must be true for all times t.
pL+y=0 =>Z=-ylp Extra credit;

aXY+pX =0 =Y=-fla Find several other

X determined from initial conditions examples of physical

If q(t=0=Q =X=Q+y/p systemsthatobey a
w7 / first order differential
q(t) =Qe ™ +E(e_ﬂt “-1) equation.
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4. HRW6 28 P 055] In the circuit of Fig. 28-57, 8=12kV, C=65uF, R1=R; =R =073 MQ. With C
completely uncharged, switch S is suddenly closed (at f = 0).

~AMWW—

R 8
'EI%-

Figure 28-57.
Determine the current through each resistor for
t=0

Al)
All2)

Al3)

and = e

Allr)

Al2)

All3)
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