Your Comments

THIS IS SOO00 HARD. | get the concept and mathematical expression. But | do not get
links among everything.

Very confusing prelecture especially what happens when switches are closed/opened
and what happens during long periods of time.

My brain just fell on the ground. Please help me pick it back up.

It's been a while since | have been this lost after watching a prelecture. | cannot
visualize these concepts as well.

| understood what was used in the questions, but are the differential equations that
they used going to be on exams? They were derived very quickly and if they're very
important | would like to go over them a little more.

This lecture was not too bad. My only concern is for the challenging circuits | am sure
will appear on the homework. | would like to do more problems like the those in class
if that's possible.

It is difficult relating all these relationships together. Also I'm having trouble determining
when something is being charged and when it is being discharged.
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Physics 212

Lecture 11

Today’s Concept:
RC Circuits
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The 212 Differential Equations

We describe the world (electrical circuits, problems in
heat transfer, control systems, financial markets, etc.)
using differential equations

You only need to know the solutions of two basic
differential equations

F0’0 =0 =0, Sin(ot +4¢)
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Capacitors in RC Circuits

Solve by applying Kirchhoff’s Rules to circuit.
Need to understand some key phrases.

IMMEDIATELY After === Charge on capacitor is same as
immediately before

After a LONG TIME === Current through capacitor =0

After xx seconds === Exponentially mare difficult!
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RC Circuit (Charging)

Capacitor uncharged, Switch is moved to position “a”

Kirchoff’s Voltage Rule e e +| I'C
_Vbattery + % + IR = O %__Vbattery Ib R %
Short Term (q=(,=0)
_Vbattery+0+ IOR =0
\/- y Intermediate |
I — atter
O R _Vbattery+ ! + dq R=0 k
Long Term (I, =0) C dt o t
_Vbattery+q€w+0' R=0 q(t) = qoo(l—e—t/RC) Ve
J, = CVbattery I(t) = d—q = |Oe_t/RC 0 t

dt
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CheckPoint 1

A circuit is wired up as shown below. The capacitor is initially uncharged and switches {

S1 and S2 are initially open. R
—\VVWH
—_—1] — C
V= 2R
g a  a
S1
ose 51 A) V=V V,=V
Close 51,

V, = voltage across C immediately after B) Vi=0 Vo=V
V, = voltage across C a long time after C) V;=0 V,=0

Immediately after the

switch S, is closed: After the switch S; has been

closed for a long time
Q 1s same as immediately before =0
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Close S;att=0
(leave S, open)

VC A

0 t
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CheckPoint 1

A circuit is wired up as shown below. The capacitor is initially uncharged and switches {

S1 and S2 are initially open.

R
—VVWWH
b - C
T 2R
/n ,(/ﬂ
S1
Close 51, — —

V/; = voltage across C immediately after B) V,=0 Vo=V I
V2 = voltage across C a long time after C) V1 =0 V2 =0

Immediately after the

switch S, is closed: After the switch S; has been
closed for a long time

Q is same as immediately before . =0
c=
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RC Circuit (Discharging)

Capacitor has (= CV, 4y, Switch is moved to position “b”

Kirchoff’s Voltage Rule a |
y | 1
+ﬂ+IR:O Vintery b o
C - R
Short Term (g = () %
Vbattery + IR — O
_V Intermediate

| — battery \Y
’ R + g + 2? R=0 k

Long Term (I.=0) )
%’"+O.R:O q(t) =gee "™ IK
qoo _ O I(t) _ Ioe—t/RC
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Vv

CheckPoint 1c

A circuit is wired up as shown below. The capacitor is initially uncharged and switches
S1 and S2 are initially open.

%

VWA

Ir

2R

« a el

After being closed a long time, switch 1 is opened and switch 2 is closed. What is the

current through the right resistor immedi itch 2 is closed?
A 1r=0 B. Iz =V/3R C. Ig=V/I2R D. I = VIR

Two Loop RC Circuit: Question 5 (N = 859)
60

53.9

40

1 1\
——C | -

2R :

f Students

%

o

=)
o
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CheckPoint 1 d

Il
|
0

ﬂ

Now suppose both switches are closed. What is the voltage across the capacitor after a
very long time?
A. V=0 B.Vc.=V C.V.=2V/3

A) The capacitor would discharge completely as t approaches infinity
B) The capacitor will become fully charged after a long time.

C) Current through capacitor is zero
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R
Close both S1 and S2 and
1 ——C wait a long time...
VT 2R
S1 S2
B «
— |
—VVWW A No current flows through
R the capacitor after a long
time. This will always be
\ ——t C \V IR the case in any static
C circuit!!
v
IROUtZEirRLO\(}p 0 Right Loop
+ "V = +V--2IR=0
V.= (2/3)V
| = VI(3R) V.=2IR > Ve=(3)
Electricity & Magnetism Lecture 11, Slide 16



CheckPoint 1 d

Il
|
0

ﬂ

Now suppose both switches are closed. What is the voltage across the capacitor after a
very long time?
A. V=0 B.Vc.=V C.V.=2V/3

a) The capacitor would discharge completely as t approaches ., .pre circuit: uestion 7 ot = 860)
infinity 50 .

40 35.8

[
=

b) The capacitor will become fully charged after
a long time.

% of Students

181

a
=

=

c) Current through capacitor is zero 0

A B C
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DEMO - Clicker Question 1

Bulb 2
= AAA—
S R
Vv Bulb1 &R

What will happen after | close the switch?

A) Both bulbs come on and stay on.

| B) Both bulbs come on but then bulb 2 fades out. |
C) Both bulbs come on but then bulb 1 fades out.
D) Both bulbs come on and then both fade out.

No initial charge '
on capacitor === V(bulb 1) = V(bulb 2) = V ===l Both bulbs light

No final current
mmp- V(bulb 2) =0
through capacitor ( )
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DEMO Clicker Question 2

Bulb 2
= AAA—
S R
Vv Bulb1 &R

Suppose the switch has been closed a long time.
Now what will happen after open the switch?

A) Both bulbs come on and stay on.

B) Both bulbs come on but then bulb 2 fades out.
C) __Both bulbs come on but then bulb 1 fades out.
D) Both bulbs come on and then both fade out.

Capacitor has charge (=CV) === Capacitor discharges through both resistors
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{ In this circuit, assume V, C, and R; are known.
o é A C initially uncharged and then switch S is closed.
1 2
R
3 What is the voltage across the capacitor after a long

V /= —C time ?

Conceptual Analysis:
Circuit behavior described by Kirchhoff’s Rules:
Zvdrops =0
2lin = 2oy
S closed and C charges to some voltage with some time constant

Strategic Analysis

Determine currents and voltages in circuit a long time after S closed
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Calculation

S In this circuit, assume V, C, and R; are known.
R, R, . C initially uncharged and then switch S is closed.
3
vV — ——C What is the voltage across the capacitor after a long
time ?

Immediately after S is closed:
what is |, the current through C
what is V., the voltage across C?

A) Onlyl,=0 | B)OnlyV.=0| C) Bothl,and V. =0 D) Neither I, norV.=0

Why?
We are told that C is initially uncharged (V = Q/C)
|, cannot be zero because charge must flow in order to charge C
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Calculation

I
1; In this circuit, assume V, C, and R; are known.
S C initially uncharged and then switch S is closed.
Rl Rz R3

What is the voltage across the capacitor after a long
V —/— —C time ?

Immediately after Sis closed, what is |;, the current through R, ?

V vV V VR . v_ RtR R
R R, +R R, +— 23 R.R, +R,R, +RR
Rl 1 3 R1+R2+R3 1 R, +R, ) 23 T Mg
A B C D E
Why? S
Draw circuit just after S closed (knowing Rlé R,
V. =0) Rs
R, is in series with the parallel V — V.=0
combination of R, and R; ¢
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Calculation

S In this circuit, assume V, C, and R; are known.
R, R, . C initially uncharged and then switch S is closed.
3
vV — ——C What is the voltage across the capacitor after a long
time ?

After S has been closed “for a long time”, what is |, the current through R, ?

Vv V 0
R, R,
A B C
I
Why? > x
|
After a long time in a static circuit, the R, |
current through any capacitor I -0 Vv R
c~ C 3
approaches 0 ! IR 2
This means we Redraw circuit with open Vo — -T—
circuit in middle leg v
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Calculation

S In this circuit, assume V, C, and R, are known.
R, R, C initially uncharged and then switch S is closed.

What is the voltage across the capacitor after a long
time ?

After S has been closed “for a long time”, what is V., the voltage across C ?

R
R Vv :
Voo R+ 2s 0
R, +R, 'R, +R,
B C D E

L ]
Why? Ré
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CheckPoint 2 :7”

The two circuits shown below contain identical capacitors that hold the same charge at t = 0. Circuit
2 has twice as much resistance as circuit 1.

2R

|

|

0O
A
||
|
0

Circuit 1 Circuit 2
Which circuit has the largest time constant? L
09
A)  Circuit 1 o _ os
Two RC Circuits: Question 1 (N = 859) \\
B Circuit 2 % 75 o
@) cireit2 D \\
C) Same e 05
% 40 04 \\ \\\
2 03
20 144 02 \ \\ RCI=2
U= Requiv C , o1 L }\\ \\\\
A E C o Ru — 1 e \hﬁl L

0 1 2 3 4 5 6 7 8 9 10
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CheckPoint 2

The two circuits shown below contain identical capacitors that hold the same charge at t = 0. Circuit
2 has twice as much resistance as circuit 1.

Two RC Circuits: Question 3 (N = 858)

50
w0 40.7
£ . —— C R —— C 2R
‘.U'I; . 2156 196
= 11.1
10 7.1
n [1]
AoB b E Circuit 1 Circuit 2
Which of the following statements best describes the charge remaining on each of the the two capacitors for for anyv
time after t =07 R
A
0, =0, 08
i or L\
O Ql = Qg 06 \
{:}QI{QfatﬁrﬁtaﬂdﬂmﬂQl:}Qzafceralnﬂgﬁrﬂe o \
O Q,; = Q, atfirst and then Q, < Q, after a long time 04 \‘\\
. 03 (AN RC =
| Q — Q e-t/RC | 02 \\ \\\
0 0.1 AN \\
JRO=1— [~

Look at plot!
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