Chapter 23
Circuits

Topics:

* Circuits containing multiple
elements

* Series and parallel
combinations

* RC circuits

* Electricity in the nervous
system

Sample question:

An electric eel can develop a potential difference of over 600 V. How
do the cells of the electric eel's body generate such a large potential

Reading Quiz

1. The bulbs in the circuit below are connected
A. in series
B. in parallel

@

difference?
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Answer Reading Quiz

1. The bulbs in the circuit below are connected 2. Which terminal of the battery has a higher potential?

A. the top terminal
B. in parallel B. the bottom terminal
"--._.--"E
T @
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Answer
2. Which terminal of the battery has a higher potential?
A. the top terminal
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Reading Quiz
3. When three resistors are combined in series the total resistance

of the combination is
A. greater than any of the individual resistance values.
B. less than any of the individual resistance values.

C. the average of the individual resistance values.
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Answer
3. When three resistors are combined in series the total resistance

of the combination is
A. greater than any of the individual resistance values.
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Drawing Circuit Diagrams
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Checking Understanding

The following circuit has a battery, two capacitors and a resistor.
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Which of the following circuit diagrams is the best representation of

the above circuit?
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Answer

The following circuit has a battery, two capacitors and a resistor.
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Which of the following circuit diagrams is the best representation of

the above circuit?
Il 11

A B C A
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Kirchhoff’'s Laws Using Kirchhoff’'s Laws
a Junction I .
( ) / 3 MP) TACTICS BOX 23.1 Exercises 5,6
\I @ Draw a circuit diagram. Label all known and unknown quantities.
out @ Assign a direction to the current. Draw and label a current arrow / to
show your choice.
® If you know the actual current direction, choose that direction.
E Iin = E IOLI[ \ ® If you don’t know the actual current direction, make an educated guess.
Il I I All that will happen if you choose wrong is that your value for 7 will
- Ty . in 2 end up negative.
Kirchhoff’s junction law e
. . _ @ “Travel” around the loop. Start at any point in the circuit, then go all
Junction law: I] - 12 + I} the way around the loop in the direction you assigned to the current in
step 2. As you go through each circuit element, AV is interpreted to
(b) mean
= n Y = (1] Siatt and A e Ve
loop i T
: end here. ™
® For a battery with current in the negative-to-positive direction:
Kirchhoff’s loop law | AViw = +E
® For a battery in the positive-to-negative direction (i.c., the
AV4 current is going into the positive terminal of the battery):
AV = =€
. ® For a resistor:
Add the potential AVg = —IR
differences around T O Aol theloop 1awe:
the loop. 3 Sav,=0
Loop law: AV, + AV, + AV, + AV, =0
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Clicker Question

The diagram below shows a segment of a circuit. What is the
current in the 200£2 resistor?

A. 0.5A

B. 1.0A

C. 1.5A

D. 2.0A

E. There is not enough information to decide.
25A
—_—
Wiy

15 A 'g 2000 2 l

Slide 23-13

Copyright © 2007, Pearson Education, Inc., Publishing as Pearson Addison-Wesley.

Answer

The diagram below shows a segment of a circuit. What is the
current in the 2002 resistor?

B. 1.0A

[
n
=

l |

1.5 A 'g 2000 2 l
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Clicker Question

The diagram below shows a circuit with two batteries and three
resistors. What is the potential difference across the 200 €2

resistor?

30V

AN

3.0V l

A. 20V ) l 200037
B. 3.0V YT
C. 45V ,)‘*“;‘*
D. 75V o
E. There is not enough information to decide.
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Answer

The diagram below shows a circuit with two batteries and three
resistors. What is the potential difference across the 200 €2

resistor?
30V
AW
oo
30V =
]
A 20V sy l 20002
L
25V
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Series Resistors

Ry=R + R+ +Ry

Equivalent resistance of N series resistors

(a) Two resistors in series

on
I

(b) An equivalent resistor

™

[l
AN

o

Il
=

+
=

Parallel Resistors

1 1 il )=
Req: —_— 4 — 4 e+ —
R R Ry

Equivalent resistance of N parallel resistors

(a) Two resistors in parallel

& = R AV, R, S|AV,

bat
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Analyzing Complex Circuits
There is a current of 1.0 A in the circuit below. What is the (MP) PROBLEN-SOLVING
resistance of the unknown circuit element? G STRBTEGR 233
300
PREPARE Draw a circuit diagram. Label all known and unknown quantities.
9.0V F 254 soLvE Base your mathematical analysis on Kirchhoff’s laws and on the
rules for series and parallel resistors:
! B Step by step, reduce the circuit to the smallest possible number of equiv-
What is the current out of the battery? dlEntreststors. o .
B Determine the current through and potential difference across the equiv-
alent resistors.
50 150! 150 B Rebuild the circuit, using the facts that the current is the same through
] i all resistors in series and the potential difference is the same across all
50V ES ES s S parallel resistors.
assess Use two important checks as you rebuild the circuit.
® Verify that the sum of the potential differences across series resistors
matches AV for the equivalent resistor.
B Verify that the sum of the currents through parallel resistors matches 7
for the equivalent resistor.
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What is the equivalent resistance of the following circuit?
500 250 1002

AAAR AAAR AARA
W \r VWY

0z 150 500

Find the current in and the potential difference across each element
in the following circuit.
500 250 10 Q)

AN AAA
VW MW

A
VWA

v = 100 £ 150 £ 500
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Household Electricity

Neutral side

Hot side
/

m

/

Ground
connection
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The following devices are plugged in to outlets on the same 120 V
circuit in a house. This circuit is protected with a 15 A circuit
breaker.

Device Power
Computer 250 W
Heater 900 W
Lamp 100 W
Stereo 120 W

Is there too much current in the
circuit—does the circuit breaker blow?
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Capacitor Combinations

ch:C|+C2+C3+"'+CN

Equivalent capacitance of N parallel capacitors

SN O P I
“oNG GG Cy

Equivalent capacitance of N series capacitors
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Parallel capacitors

£ _T pEc BEc, BC
Series capacitors

1
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Which of the following combinations of capacitors has the highest

capacitance?
L —I1 ., " T
T _T7T S
A B C D
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Answer

Which of the following combinations of capacitors has the highest
capacitance?

I
T 7T
B
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Which of the following combinations of capacitors has the lowest
capacitance?

L Il s ]
T _TT TT
A B C D
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Answer

Which of the following combinations of capacitors has the lowest
capacitance?

Slide 23-28

Copyright © 2007, Pearson Education, Inc., Publishing as Pearson Addison-Wesley.




RC Circuits

(c) At a later time Current /

A0 -

—4
=] = E d
C === I R =0
Capacitor
voltage
AV,
AR
1
1
1
1
1
1
|
0-t t p t
=
7= RC

Slide 23-29

Copyright © 2007, Pearson Education, Inc., Publishing as Pearson Addison-Wesley.

Additional Clicker Questions

The following circuits contain capacitors that are charged to 5.0 V.
All of the switches are closed at the same time. After 1 second has
passed, which capacitor is charged to the highest voltage?

Iné - Iné "]
I.O]"T ’%2.0(! 047 F == ’%2.09 LOFT >%3.0!1 0.47 FT é].()!l
A B C D
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Answer

The following circuits contain capacitors that are charged to 5.0 V.
All of the switches are closed at the same time. After 1 second has
passed, which capacitor is charged to the highest voltage?
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The following circuits contain capacitors that are charged to 5.0 V.
All of the switches are closed at the same time. After 1 second has
passed, which capacitor is charged to the lowest voltage?

f/ - f —
|.01~'T }2.0(! 047F = ’%2_09 L()FT ga.on 0.47 r-'T §J.0!l
A B C D
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Answer

The following circuits contain capacitors that are charged to 5.0 V.
All of the switches are closed at the same time. After 1 second has
passed, which capacitor is charged to the lowest voltage?

r

047F 200
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Electricity in the Nervous System

The action potential

Depolarization

Repolarization

Reestablishing resting potential

Av, (mV)

membrane

A stimulus at this time causes a
quick rise in membrane potential.

A stimulus causes the cell to “fire”; the
first step is the opening of the sodium
channels. The concentration of sodium
ions is much higher outside the cell, so
sodium ions flow rapidly into the cell.
In less than 1 ms, this influx of positive
ions raises the membrane potential from
—70 mV to at which point the +40 mV,
sodium channels close. This phase of the
action potential is called depolarization.

Av, (mV)

membranc

The membrane potential drops rapidly,
overshooting its initial value

The positive membrane potential that
causes the sodium channels to close
causes the potassium channels to open.
The higher potassium concentration inside
the cell drives these ions out of the cell,
making the membrane potential negative.
The negative potential closes the potas-
sium channels, but a delayed response leads
to a slight overshoot of the resting poten-
tial to about —80 mV. This phase of the
action potential is called repolarization.
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AV, (mV)

membrane

Diffusion of ions reestablishes
the resting potential

The reestablishment of the resting
potential after the sodium and potassium
channels close is a relatively slow
process, because it is controlled by

the motion of ions across the membrane.
The time constant of the membrane
determines how long this takes.
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Saltatory Conduction

The ion channels at this node are triggered,

generating an action potential.

i Ion flow down the axon begins
______ to charge the next segment.

Nodes

Myelin sheath
Once the potential reaches a
threshold value, an action potential

~1s triggered at the next node.

S S e

The process continues, with the signal
triggering each node in sequence. . .

Axon

~

Y

.. .so the signal moves rapidly along
the axon from node to node.

S e
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(a) A model of a myelinated axon

The fluid in the
axon has a certain
resistivity. The axon
is thin, so the
resistance is large.

The interior and

exterior of the axon

are conducting fluid

separated by insulating
- membrane—a capacitor.

o i

axon

We model the triggering of an action potential
as closing a switch connected to a battery.

(b) Signal propagation in the myelinated axon

1. An action
potential is

2. Once the switch is closed,
the action potential emf drives
triggered at a current down the axon and
this node; we charges the capacitance of the
close the switch. membrane.

i

3. When the voltage on the capacitor exceeds a
threshold, it triggers an action potential at this
node—the next switch is closed.

1
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There are some diseases that result in a thinning of the
myelin sheath that surrounds peripheral neurons—those
that carry signals between the spinal cord and the limbs.
How will this thinning affect nerve conduction speed?

Explain this using the model for nerve conduction developed

in the chapter.
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Additional Clicker Questions

1. In the circuit below, the switch is initially open and bulbs A and B
are of equal brightness. When the switch is closed, what happens
to the brightness of the two bulbs?

EL

A. The brightness of the bulbs is not affected.
B. Bulb A becomes brighter, bulb B dimmer.
C. Bulb B becomes brighter, bulb A dimmer.
D. Both bulbs become brighter.
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Answer

1. In the circuit below, the switch is initially open and bulbs A and B
are of equal brightness. When the switch is closed, what happens
to the brightness of the two bulbs?

EL

B. Bulb A becomes brighter, bulb B dimmer.
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Additional Clicker Questions

2. In the circuit shown below, the switch is initially closed and the
bulb glows brightly. When the switch is opened, what happens
to the brightness of the bulb?

&

= o \

The brightness of the bulb is not affected.
The bulb gets dimmer.

The bulb gets brighter.

The bulb initially brightens, then dims.
The bulb initially dims, then brightens.

moom»
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Answer

2. In the circuit shown below, the switch is initially closed and the
bulb glows brightly. When the switch is opened, what happens
to the brightness of the bulb?

&

B. The bulb gets dimmer.
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Additional Examples

1. In the circuit shown below:
A. Rank in order, from most to least bright, the brightness of
bulbs A-D. Explain.
B. Describe what, if anything, happens to the brightness of
bulbs A, B, and D if bulb C is removed from its socket.
Explain.

®

® ©

®
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Additional Examples

2. In the circuit shown below, rank in order, from most to least
bright, the brightness of bulbs A—E. Explain.

®

©
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Additional Examples

3. In the circuit shown below:
A. How much power is dissipated by the 12 Q resistor?
B. What is the value of the potential at points a, b, ¢, and d?

b |‘|—Oc
tov™
60 §1151
3y
-
{‘|‘ L il
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