Electricity & Magnetism

Lecture 11

Today’s Concept:

RC Circuits

Kirchhoff’s Rules example (if there’s time)
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Some of your comments

Two parallel plates, each having area A = 2683 cm? are
connected to the terminals of a battery of voltage V, =6 V.
The plates are separated by a distance d = 0.58 cm. What is
Q on the charged plate?

» [Q= (g0A/d)V =2.46x1071° C]
In the circuit in the prelecture why does current decrease as
time goes on? Where does the charge flow to?
To the other plate

Can you please go over time constant. My brain can't take it
anymore.

The time constant is a like a half-life only longer.




RC Circuit (Charging)

(l 1

Capacitor uncharged, Switch is moved to position “a

a C
Kirchhoff’s Voltage Rule -0 ! ! ‘
q
- I/battery + E + ]R = O —— Vbattery ’ R
Short Term (¢ =¢,=0)
— mery +0+/,R=0
. Vbamy Intermediate ] -
0
R _I/battery-l_q-l_ qR=O
Long Term (I, = 0) ¢ di ° |
~Visattery + %w +0xR =0 ¢ =q.0-¢"") *
_ 1 _-tIRC
q CVbattery ](t) - ]Oe ' ‘!
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CheckPoints 2 & 4

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

R
SAAAA

o a /

$1

v
Close S1,
B) V,= V,=V
0
0

V| = voltage across C immediately after
V, = voltage across C a long time after C) V=0
D) V=V
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RC Circuit (Discharging)

Capacitor has g, = C'V/, Switch is moved to position “5”

Kirchhoff’s Voltage Rule a | c
—e
+ L1 R=0 b " 11
C —__—Vba”e’y R
Short Term (g = q,)
I/batterjy + ]R = O
_V Intermediate

_t/RC
9> L OxR =0 Q(t)=%etR

C
qoo _ O ](t) =]Oe—t/RC

I = battery |2
O R v 4y dq R=0 N
Long Term (1. =0) C dt . .
N
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CheckPoint 6

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

R
_|_
+
—l =="C
V= 2R
& o & o
s1 s2

6) After being closed a long time, switch 1 is opened and switch 2 is closed. What is the current through the right resist
immediately after the switch 2 is closed?

A L=0
B I =13R

D L =VR
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CheckPoint 8

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

R
—— A

|
|
0

V—— 2R
S1 S2
Now suppose both switches are closed. What is the voltage across the capacitor after we wait for a very long time.?
AV.=0

OV, =213
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DEMO - Clicker Question 1

e
S

= sb1@r L,

What will happen after | close the switch?

A) Both bulbs come on and stay on.

D) Both bulbs come on and then both fade out.
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DEMO - Clicker Question 2

S

v Bulb 1 @5 "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.
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Calculation

{ In this circuit, assume V/, C, and R, are known.
R, R C'initially uncharged and then switch S'is closed.
2
R;
What is the voltage across the capacitor after a long
V —C time ?

Conceptual Analysis:
Circuit behavior described by Kirchhoff’s Rules:

2 Vdrops =0

Z ]ln = 2 [out
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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S In this circuit, assume V, C, and R. are known.
R, R, R C'initially uncharged and then switch S'is closed.
3
V — — 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 /., the voltage across C?

A) Onlyl,=0 B)OnlyV.=0 C)Both/,and V.=0 D) NeitherZ, nor V=0

Why?
We are told that C'is initially uncharged (V' = 0/C)
[, cannot be zero because charge must flow in order to charge C
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Calculation

iy

I
1; S In this circuit, assume V/, C, and R, are known.
Rlé R, R, C'initially uncharged and then switch S'is closed.
What is the voltage across the capacitor after a long

V—— —C time ?
Immediately after §'is closed, what is /,, the current through R, ?

V V R +R, +R,

R, R +R, R R, + R,R, + R R,

A B E
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V —— C ?

In this circuit, assume V/, C, and R, are known.

I
> Cinitiall h d and th itch S'is closed
R, R, R, initially uncharged and then switch S'is closed.

Immediately after S'is closed, what is /,, the current through R, ?

14 . 4

R, R +R; R +R,+R,

A B C
Why?

Draw circuit just after S closed (knowing

R, is in series with the parallel
combination of £, and R,

V

R, R,

What is the voltage across the capacitor after a long time

R +R,+R,

R R, + RR, + R R,
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Calculation

: S -
R, R,

In this circuit, assume V/, C, and R, are known.
R C'initially uncharged and then switch S'is closed.
3

| — 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 C'?

4 4
0

R, R
A B C
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R S In this circuit, assume V/, C, and R, are known.
! R, R C'initially uncharged and then switch S'is closed.
3

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 C ?

V 4 0
R, R,
A B C
1
Why? f
After a long time in a static circuit, the R, !
current through any capacitor [.=0 Ve R,
approaches 0 ! 1 Y |
This means we Redraw circuit with open VT T E
circuit in middle leg -
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Calculation

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

=
NNVN—/
A
=
S

R,

| — C 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 V 2
V——=2 |4 R,R,
R1+R2 RI+R2+R3 O
B C D E

Electricity & Magnetism Lecture 11, Slide 14



Calculation

\) In this circuit, assume V/, C, and R, are known.
R, R,

R C'initially uncharged and then switch S'is closed.
3

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 V £
g 14 R,R,
R
R1+R2 1+R2+R3 O
B C D E
I I

Why? R, i
— Ve=Vy=IRy= (VIR + Ry))R; Ve R
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How do Exponentials Work?

Q1) = Qoe™""*¢

o0 ]

O
0.7500
“Fraction of initial \
charge that remains” 0.5000 \
0.2500 \
0.0000 \’%ﬁho——o—o—
0.0000 2.5000 5.0000 7.5000
“How many time constants worth {
of time that have elapsed” RC
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Time constant:
T =RC

The bigger T is,
the longer it takes to get
the same change...

o0 |\
0,

0.5000 - RC =2

0.2500 \ \
RC=1

0.0000 1 \\

—

0.0000 2.5000 5.0000 7.5000 10.0000

[
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CheckPoint 10

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

== C R ==0C 2R
Circuit 1 Circuit 2
Which circuit has the largest time constant?
A)  Circuit 1
B)  Circuit 2
C) Same
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CheckPoint 12

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

——— R —— 2R
Circuit 1 Circuit 2

Which of the following statements best describes the charge remaining on each of the the two capacitors for for any

D Q; < O, atfirst and then Q, > Q, after a long time
E Q, > 0, atfirst and then Q, < Q, after a long time
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https://phet.colorado.edu/sims/html/circuit-
construction-kit-ac/latest/circuit-construction-kit-
ac en.html



https://phet.colorado.edu/sims/html/circuit-construction-kit-ac/latest/circuit-construction-kit-ac_en.html

There is no Session 3

Please record BOTH Charge and Discharge curves
for your circuit. (Activity 24-8)

Multimeter\

|
N | l ~ | l
C R o C
Red - e Red I "J\Thww:: i
: kel | . . " S
Use this -~ |‘5"‘m Instead of this ™ BT . |(5Pm’)

You can save time by fitting your data in Logger
Pro.

Use the “Analyze” function under the menus.




