PHYSICS ©

FOR SCIENTISTS AND ENGINEERS A STRATEGIC APPROACH 4/E

Chapter 27 Lecture
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&)

RANDALL D. KNIGHT

pter rrent and Resistance

IN THIS CHAPTER, you will learn how and why
charge moves through a wire as a current.
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Chapter 27 Preview

What is current?
Current is the flow of charge through a Deflects
conductor. We can’t see charge moving,
but two indicators of current are:

m A nearby compass needle is deflected.
w A wire with a current gets warm.

Current [ is measured in amperes,

a charge flow rate of one coulomb
per second. You know this informally
as “amps.”

<« LOOKING BACK Section 23.6 The motion of
charges in electric fields
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Chapter 27 Preview

How does current flow?
We'll develop a model of conduction: 11
m Connecting a wire to a battery causes a M—o1
nonuniform surface charge distribution. -|E
m The surface charges create an electric
field inside the wire. =
= The electric field pushes the sea of
electrons through the metal. I

Electrons are the charge carriers in
metals, but it is customary to treat
current as the motion of positive charges.

++

Current is /. Current density J = /A is the B
amount of current per square meter.
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Chapter 27 Preview

What law governs current?
Current is governed by Kirchhoff’s junction law.

= The current is the same everywhere in a circuit with no junctions.
» The sum of currents entering a junction equals the sum leaving,

0—- T& —») Laff—— %ﬂn‘

Same 7
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Chapter 27 Preview

What are resistivity and resistance?
Collisions of electrons with atoms cause a ®@ ® @
conductor to resist the motion of charges. ‘%ﬁ?—
= Resistivity is an electrical property of a E @ Né_.
material, such as copper. - ;)ng
= Resistance is a property of a specific wire @ + ®
or circuit element based on the material
of which it is made and its size and shape.
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Chapter 27 Preview

What is Ohm’s law?
Ohm'’s law says that the current flowing —
through a wire or circuit element depends
on both the potential difference across it
and the element’s resistance: Av

I=AVIR

« LOOKING BACK Section 26.4 Sources of
potential
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Chapter 27 Reading Questions
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Reading Question 27.1

What quantity is represented by the symbol J ?

Resistivity

Conductivity
Current density

Complex impedance

moowp

Johnston’s constant
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Reading Question 27.1

What quantity is represented by the symbol J ?

A. Resistivity
B. Conductivity
' C. Current density
D. Complex impedance
E. Johnston’s constant
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Reading Question 27.2

The electron drift speed in a typical current-carrying
wire is

Extremely slow (= 10 m/s).
Moderate (~ 1 m/s).

Very fast (= 10* m/s).

Could be any of A, B, or C.

No numerical values were provided.

moowp
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Reading Question 27.2

The electron drift speed in a typical current-carrying
wire is

v’ A. Extremely slow (= 10 m/s).
Moderate (= 1 m/s).

Very fast (= 10* m/s).

Could be any of A, B, or C.

No numerical values were provided.

moow
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Reading Question 27.3

All other things being equal, current will be larger in
a wire that has a larger value of

Conductivity.

Resistivity.

The coefficient of current.
Net charge.

moow>

Potential.

©2017 Pearson Education, Inc.
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Reading Question 27.3

All other things being equal, current will be larger in
a wire that has a larger value of

V/A. Conductivity.

Resistivity.

The coefficient of current.
Net charge.

moow

Potential.
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Reading Question 27.4

The equation 7 = AV/R is called

A. Ampeére’s law.
Ohm’s law.
Faraday’s law.
Weber’s law.

Oow
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Reading Question 27.4

The equation I = AV/R is called

A. Ampeére’s law.
vB. Ohm’s law.

C. Faraday’s law.

D. Weber’s law.
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Chapter 27 Content, Examples, and
QuickCheck Questions
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Electric Current

= How does a capacitor get discharged?
= Figure (a) shows a charged capacitor in equilibrium.
= Figure (b) shows a wire discharging the capacitor.

= As the capacitor is discharging, there is a current in the
wire.

rodes stay
indefinitely.
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Electric Current

= When a current is flowing, the conductors are not in
electrostatic equilibrium.

= Though you cannot see current directly, there are
certain indicators that current is present in a wire.

Current causes the
wire to get warm, . .

.anda wmpzts‘x needle to deflect.
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The metal as a whole is electrically neutral.

= The outer electrons of
metal atoms are only
weakly bound to the @ \ @ ° @ @
nuclei. B =

L
In a metal, the outer ® ) g .@ . ®

electrons become
detached from their

® [ ]
parent nuclei to form a @ .»@ pe @ 4 @*’-‘,‘_

fluid-like sea of electrons

that can move throth the Ions tmém] atoms minus valence
solid. electrons) occupy fixed positions.
Electrons are the Charge The conduction electrons :
carriers in metals solid as a whole, not any particular atom.

They are free to move around.

re bound to the
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The Electron Current

= We define the The sea of electrons flows through
electron current i,  yire at the drift speed v,.
to be the number of :
electrons per
second that pass
through a cross
section of the Electrons
conductor.

The number N, of Wire

electrons that pass g
through the crgss The electron current i, is the number

section during the of electrons passing through this
time interval At is cross section of the wire per second.
N, =i At
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The Electron Current

= If the number density of Wire at time ¢ A crosssection
conduction electrons is . . ¢ of the wire
ne, then the total () o _) .
number of electrons in e . W

the shaded cylinder is There are 1, a of electrons
per cubic meter of wire.  is moving (o the right
Nc = nCV with drift speed vy
=nAAx
=nAvAt Wire attime 1 + A1 Cross-section area A

= So the electron current

.s 098

is = ne Avy

The sea of electr has moved
forward distance Ax = vy At

The shaded volume is V=A Ax
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QuickCheck 27.1

A wire carries a current. If both the wire diameter
and the electron drift speed are doubled, the
electron current increases by a factor of

© o AW

moowpy

Some other value.
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QuickCheck 27.1

A wire carries a current. If both the wire diameter
and the electron drift speed are doubled, the
electron current increases by a factor of

A.

@

2
4.
C. 6.
8 iyoc Avy,

E. Some other value.
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The Electron Density

3/25/2019

= In most metals, TABLE 27.1 Conduction-electron
each atom density in metals
contributes one Electron
valence electron to Metal density (m~%)
the sea of -
electrons. Aluminum 6.0 X 10%

= Thus the number Copper 8.5 % 10%
of conduction Iron 8.5 % 10%
electrons n, is the G

old 28

same as the . 2:J5010
number of atoms Silver 5.8 10%
per cubic meter.

[R—— Sise2725

Example 27.1 The Size of the Electron Current

EXAMPLE 27.1 | The size of the electron current

What is the electron current in 4 2.0-mm-diameter copper wire if

the electron drift speed is 1.0 107" mis?

soLve This is a straightforward calculation. The wire's cross-

section area is A = mr
electron density for copper

3.14 % 10 °m? Table 27.1 gives the
8.5 107 m . Thus we find

io=nAvy=27X 1075

AsSESS This is an incredible number of electrons to pass through

electrons moves fast—in fact,

This is a fairly typical clectron current

©2017 Pearson Education, Inc.

on of the wire every second. The number is high not because
i

it moves at literally a

il's pace—bul because the density of electrons is so enormous.
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Discharging a Capacitor

How long should it —-16nC  +16nC

take to discharge this
capacitor?

A typical drift speed

through a wire is

of electron current }
i

vg= 10~ m/s.
At this rate, it would

Missing 10"
electrons

e N k3

e

AL

10" excess electrons

take an electron D —

about 2000 s (over
half an hour) to travel
20 cm.

But real capacitors discharge almost instantaneously!

What's wrong with our calculation?

©2017 Pearson Education, Inc.

Electron
_~current
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Discharging a Capacitor

= The wire is already full

1. The 10" excess electrons on the
negative plate move into the wire.

3/25/2019

of electrons!

= We don’t have to wait
for electrons to move
all the way through the
wire from one plate to
another.

= We just need to
slightly rearrange the
charges on the plates
and in the wire.

&)
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)

Q

2.0-mm-diameter wire

—

. The vast sea of
electrons in the
wire is pushed
4% 10" mto

2

the side in 4 ns.

3. 10" electrons are

pushed out of the
wire and onto the
positive plate. This
plate is now neutral.
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Creating a Current

Because of friction, a steady push is
needed 1o move the book at steady speed.

* I

‘push

.y

fqﬁ- +me

Retarding force  Sea of electrons

Because of collisions with atoms, a steady
push is needed to move the sea of electrons
at steady speed.

©2017 Pearson Education, Inc.

= Abook on atable
will slow down and
stop unless you
continue pushing.

Analogously, the

sea of electrons
will slow down and
stop unless you
continue pushing
with an electric
field.
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Establishing the Electric Field in a Wire

= The figure shows
two metal wires

Positive plate
Negative plate \

Uniform surface

\ charge density

attached to the 5 B G

plates of a - - B R+

charged capacitor. | E o \ W
= This is an J E +|+

electrostatic P=3

situation.

= What will happen if
we connect the

bottom ends of the There is no current
wires together? because electrons can’t

move across the gap.

©2017 Pearson Education, Inc.

E = 0 atall points
inside the wire,
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Establishing the Electric Field in a Wire

3/25/2019

= Within a very brief The nonuniform surface charge density
interval of time creates an electric field m\i(h“ltm wire,
(=1077s) of 2 E 3
connecting the 2 £++++:'
wires, the sea of N S e R
electrons shifts B o g
slightly. +
- +
= The surface charge : o
is rearranged into a —
nonuniform
distribution, as s Ay ) 8 ]
. . The surface charge The wire is neutral at
shown in the flgure. density now varies the midpoint between
along the wire. the capacitor plates
©2017 Pearson Edcaton, nc Slide 27-31

Establishing the Electric Field in a Wire

= The nonuniform distribution of surface charges along a
wire creates a net electric field inside the wire that
points from the more positive end toward the more
negative end of the wire.

= This is the internal electric field that pushes the electron
current through the wire.

“The four rings A through D
model the nonuniform charge
distribution on the wire.

More positive More negative
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QuickCheck 27.2

Surface charge is distributed on a wire as shown.
Electrons in the wire

Drift to the right.
Drift to the left.
Move upward.
Move downward.

moowpy

On average, remain at rest.
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QuickCheck 27.2

Surface charge is distributed on a wire as shown.

3/25/2019

Electrons in the wire

A. Dirift to the right.
v’B. Drift to the left.
C. Move upward.

D. Move downward.

©2017 Pearson Education, Inc.

=

Electric field from
nonuniform surface
charges is to the right.
Force on negative
electrons is to the left.

E. On average, remain at rest.
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A Model of Conduction

= Within a conductor
in electrostatic
equilibrium, there is
no electric field.

In this case, an
electron bounces
back and forth
between collisions,
but its average
velocity is zero.

©2017 Pearson Education, Inc.

No electric field Ions in the lattice
of the metal
\

The electron has frequent collisions with
ions, but it undergoes no net displacement.
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A Model of Conduction

In the presence of an
electric field, the
electric force causes
electrons to move
along parabolic
trajectories between
collisions.

Because of the
curvature of the
trajectories, there is a
slow net motion in the
“downhill” direction.

©2017 Pearson Education, Inc.

With an electric field  Parabolic trajectories
in the electric field

@ 9/ o
oo P P
& o & ¥

o1

)

& Net displacement

A net displacement in the direction

opposite to E is superimposed on the
random thermal motion.

Slide 27-36
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A Model of Conduction

= The graph A series of collisions.
shows the B]ccuuxu“ lh;: LkL‘L‘C'CI'.‘;UU]] 1\
always 1n the same direction,
speed of an ] the average velocity is not zero.

electron during

multiple . / i
collisions. " L //] //
t

A A — 4
'
* The average >4 : .‘/ V4
drift speed is Ving
- .
er The mean time The average
Vg = between rebound
m collisions is 7. velocity is zero.

©2017 Pearson Education, Inc.
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Electron Current

= The electric field strength E in a wire of cross-
section A causes an electron current:

. netA
e

= The electron density n, and the mean time between
collisions 7 are properties of the metal.

= The electron current is directly proportional to the
electric field strength.
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Example 27.3 Collisions in a Copper Wire

EXAMPLE 27.3 ‘ Collisions in a copper wire

Example 27.1 found the electron current to be 2.7 % 10" s™" for
a 2.0-mm-diameter copper wire i ectron drift speed
is 1L.OX 107 m/s. If a ic field of 0.020 V/im is
needed to sustain this current, a typical value, how many collisions
per second, on average, do electrons in copper undergo?

MoDEL Use the model of conduction.

©2017 Pearson Education, Inc.
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Example 27.3 Collisions in a Copper Wire

EXAMPLE 27.3 ‘ Collisions in a copper wire

soLvE From Equation 27.7, the mean time between collisions is

mvy
T=—==28x10"s
ek

The average number of collisions per second is the inverse:

1
Collisionrate = —=35% 1057

Assess This was another straightforward calculation simply to
illustrate the incredibly large collision rate of conduction electrons

©2017 Pearson Education, Inc. Slide 27-40

= If Q is the total amount of charge that has moved
past a point in a wire, we define the current 7 in
the wire to be the rate of charge flow:
I= LZ—Q current is the rate at which charge flows
t
= The Sl unit for current is the coulomb per second,
which is called the ampere.

= lampere=1A=1C/s

= The conventional current I and the electron current

i, are related by 0 o
— e €

1 = ei,
R At At

Slide 27-41

QuickCheck 27.3

Every minute, 120 C of charge flow through this
cross section of the wire.

¢ ¥ )

The wire’s current is

A. 240 A

B. 120A

C. 60A

D. 2A

E. Some other value.

©2017 Pearson Education, Inc.
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QuickCheck 27.3

Every minute, 120 C of charge flow through this
cross section of the wire.

o ) 0
() b /zir

The wire’s current is

A. 240 A
B. 120A
C. 60A
vD. 2A
E. Some other value.
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= Note that the direction of the current 7in a metal is
opposite to the direction of the electron current ..

The current [ is in the direction that positive _
charges would move. It is in the direction of E.

i I

<;® -—® <—®:}E

i =

The electron current i, is the mol_i)un of actual
charge carriers. It is opposite to E and I.

©2017 Pearson Education, Inc.
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The Current Density in a Wire

= The current density J in a wire is the current per
square meter of cross section:

i I
J = current density = A = n.evy

= The current density has units of A/m?.

©2017 Pearson Education, Inc. Slide 27-45
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®QuickCheck 27.4

The current density in this wire is

Zmix:[tl
'
4 X 10° A/m?
2 X 10° A/m?
4 X 10° A/m?
2 X 103 A/m?
Some other value.

moowp
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QuickCheck 27.4

The current density in this wire is

! e
A. 4 X10°A/m?

vB. 2 x 105A/m?
C. 4 X 103A/m?

2 X 103 A/m?

E. Some other value.

o
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Example 27.4 Finding the Electron Drift Speed

EXAMPLE 27.4 | Finding the electron drift speed
A LOAcurn
What are
in the wire?

am-diameter aluming
e drift speed of the ek

“The electron dsift speed is thus

= 13X 107 mfs = 0.13 mmfs

SoLVE We can find the drifi speed from the curvent density. The

where the cos
current density is

election densily for aluminum was laken

ed 1,05 107 mis as
hows where that value

electron drift

=13 % 10° Afm®

speed. This examy

©2017 Pearson Education, Inc. Slide 27-48
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Conservation of Current

= The figure shows two
lightbulbs in the wire
connecting two charged
capacitor plates.

As the capacitor
discharges, the current
through both bulbs is
exactly the same!

The rate of electrons
leaving a lightbulb (or
any other device) is
exactly the same as the
rate of electrons
entering the lightbulb.

3/25/2019
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Charge Conservation and Current

= Due to conservation of charge, the current must be the
same at all points in a current-carrying wire.

The current in a wire is
the same at all points, ™

I = constant

©2017 Pearson Education, Inc. Slide 27-50

QuickCheck 27.5

A and B are identical
lightbulbs connected to a
battery as shown. Which is
brighter?

A. BulbA
B. BulbB
C. The bulbs are equally bright.

©2017 Pearson Education, Inc. Slide 27-51
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QuickCheck 27.5

A and B are identical
lightbulbs connected to a
battery as shown. Which is
brighter?

A. BulbA
B. BulbB
/C. The bulbs are equally bright.

Conservation of current

3/25/2019
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Kirchhoff’s Junction Law

= For a junction, the law of
conservation of current
requires that

Junction

E[m: Zlum

Input currents

where the X symbol

means summation. Output currents

= This basic
conservation
statement is called
Kirchhoff’s junction
law.

3 Iin =% l«mt
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QuickCheck 27.6

The current in the fourth wire is

J 5A
16 A to the right.
4 A to the left. e
2 A to the right. JM
2 A to the left.
Not enough information to tell.

moowm»

©2017 Pearson Education, Inc. Slide 27-54
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QuickCheck 27.6

The current in the fourth wire is
J 5A
A. 16 A to the right.
B. 4 A to the left. e
C. 2 Atotheright. JM
VD 2 A to the left. Conservation of current

E. Not enough information to tell.
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Conductivity and Resistivity

= The conductivity of a material is
ez'r

n
o = conductivity =

= Conductivity, like density, characterizes a material
as a whole.

= The current density J is related to the electric field
E by J=cE

= The resistivity tells us how reluctantly the electrons
move in response to an electric field:

m

L. 1
= resistivity = — =
p y -

nee’r
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QuickCheck 27.7

Both segments of the wire

are made of the same
metal. Current I, flows into 1 ‘_ 2
segment 1 from the left.

How does current 7, in
segment 1 compare to
current I, in segment 2?

A 1>,
B. I,=1,
C. I,<I,
D. There’s not enough information to compare them.

©2017 Pearson Education, Inc. Slide 27-57
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QuickCheck 27.7

Both segments of the wire

are made of the same

metal. Current /, flows into 7 ‘_ 2
segment 1 from the left.

How does current 7, in

segment 1 compare to
current I, in segment 2?

A I,>1],
¢'B. I, =1, Conservation of current
C. <],
D. There’s not enough information to compare them.
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QuickCheck 27.8

Both segments of the wire

are made of the same

metal. Current /, flows into I ‘- 2
segment 1 from the left.

How does current density

J, in segment 1 compare

to current density J, in
segment 2?

A J>T,
B. J,=J,
C. J,<J,
D. There’s not enough information to compare them.
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QuickCheck 27.8

Both segments of the wire

are made of the same

metal. Current I, flows into 1, ‘- 2
segment 1 from the left.

How does current density

J, in segment 1 compare

to current density J, in

segment 2?

VA- Ji>J, Smaller cross-section area
B. J,=J,
C. J,<J,
D. There’s not enough information to compare them.

©2017 Pearson Education, Inc. Slide 27-60
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QuickCheck 27.9

Both segments of the wire are

made of the same metal.

Current I, flows into segment 1 ‘- 2
1 from the left. How does the

electric field E, in segment 1

compare to the electric field E,
in segment 2?

A. E >E,
B. E, =E, but not zero

C. E <E,

D. Both are zero because metal is a conductor.

E. There’s not enough information to compare them.
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QuickCheck 27.9

Both segments of the wire are

made of the same metal.

Current I, flows into segment 1 ’- 2
1 from the left. How does the

electric field E, in segment 1

compare to the electric field E,
in segment 2?

V'A. E\>E, J=cE
B. E, =E, but not zero
C. E <E,
D. Both are zero because metal is a conductor.
E. There’s not enough information to compare them.

©2017 Pearson Education, Inc. Slide 27-62

This woman is measuring her percentage body fat by
gripping a device that sends a small electric current
through her body. Because muscle and fat have different
resistivities, the amount of current allows the fat-to-muscle
ratio to be determined.

©2017 Pearson Education, Inc. Slide 27-63
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Conductivity and Resistivity

TABLE 27.2 Resistivity and conductivity of
conducting materials

Resistivity Conductivity
Material (2m) (Q7'm™)

Aluminum  28x 10  3.5x 10

Copper 1.7 % 107% 6.0 X 107
Gold 24 %1078 4.1x 107
Iron 9.7 107% 1.0x 107
Silver 1.6 x 107% 6.2 %107

Tungsten 56%107¢ 1.8 % 107
Nichrome* 15x10°% 6.7 10°

Carbon 3,5%107° 2.9 % 10*
*Nickel-chromium alloy used for heating
wires.
©2017 Pearson Edeaton Side 2764

Example 27.5 The Electric Field in a Wire

EXAMPLE 27.5 | The electric field in a wire

A 2.0-mm-diameter aluminum wire carries a current of 800 mA. What is the electric
field strength inside the wire?

soLvEe The electric field strength is

- = + =0.0073 V/m
o or? (35%10°0 " m)w(0.0010 m)

where the conductivity of aluminum was taken from Table 27.2.
ASSEsSs This is a very small field in comparison with those we calculated in Cha
22 and 23. This calculation justifies the claim in Table 23.1 that a typical ele
strength inside a current-carrying wire is y
on a wire to create the k electric field necessary to push a considerable current
n, once again, is the enormous value of the charge-carrier
2. Even though the electric field is very tiny and the drift speed

'\ a wire can carry a substantial current due to the vast number of
able (o0 move.
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Superconductivity

= |In 1911, the Dutch
physicist Kamerlingh
Onnes discovered that
certain materials
suddenly and
dramatically lose all
resistance to current

when cooled below a Superconductors have unusual
certain temperature. magnetic properties. Here a
) small permanent magnet

= This complete loss of levitates above a disk of the high
resistance at low temperature superconductor
temperatures is called YBa,Cu;0, that has been cooled
superconductivity. to liquid-nitrogen temperature.

2017 Poarson Eeaton, Slide 2766
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Resistance and Ohm’s Law

= The figure shows a section
of a conductor in which an
electric field E'is creating
current I by pushing the
charge carriers.

= The field strength is
_Av_Av
As L

= The current density is

The potential difference creates an
electric field inside the conductor

and causes charges to flow through it.

V. AV V.

L B

E—dlp — ,—p
| | q |
—_— —

3/25/2019

Ths T - Area A
J=1IA=Elp : L
. Equipotential surfaces
= So the current is related are perpendicular to the
to AV by electric field.
A
I=—AV

pL

©2017 Pearson Educaton, I Slide 27-67

Resistance and Ohm’s Law

= The current through a conductor is proportional to
the potential difference between its ends.

= We define the resistance R of a long, thin conductor
of length L and cross-sectional area A to be
2
A
= The Sl unit of resistance is the ohm.

* lohm=1Q=1V/A

= The current through a conductor is determined by
the potential difference AV along its length:
AV

I ? (Ohm’s law)

©2017 Pearson Education, Inc. Slide 27-68

QuickCheck 27.10

Wire 2 is twice the length and

twice the diameter of wire 1. 1
What is the ratio R,/R, of their =
resistances?
A. 1/4 )
B. 12
C.
D. 2
E.
©2017 Pearson Education, Inc. Slide 27-69
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QuickCheck 27.10

Wire 2 is twice the length and

©2017 Pearson Education, Inc.

twice the diameter of wire 1. 1

What is the ratio R,/R, of their —

resistances?

A. 1/4 )
v'B. 12

C. 1

D. 2

E. 4

Slide 27-70
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Batteries and Current

= Abattery is a source of

The battery creates a
potential difference
between the ends of the
wire.

The potential difference
in the wire creates an
electric field in the wire.

The electric field pushes
a current 7 through the
wire.

The current in the wire is
I1=AV,. /R

wire/

©2017 Pearson Education, Inc.

potential difference AV, .

downhill” through

be tained

Positive terminal 4
U=gAV,, 3

=
[

Increasing U —

«— Decreasing U/

arge from the
ide o the positive side. Charge ¢
gains cnergy AU = gAY,
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Ohm’s law is limited to
those materials whose
resistance R remains
constant—or very
nearly so—during use.

doubles the current.

©2017 Pearson Education, Inc.

Ohmic materials

The resistance is

slope

The current is directly
proportional to the
potential difference.

AV

= The materials to which Ohm’s law applies are called ohmic.

The current through an ohmic material is directly proportional
to the potential difference; doubling the potential difference

= Metal and other conductors are ohmic devices.
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QuickCheck 27.11

The current through a (:)_I.

wire is measured as the o AV -
potential difference AV -
is varied. What is the I(A)

wire’s resistance? 50

0.01Q T~ R=inverse
25 of the slope

0.02 Q

S0Q 04 : : AV (V)

100 Q 0.0 05 1.0

Some other value

moow
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QuickCheck 27.11

The current through a O:)—;'

wire is measured as the * AV -
potential difference AV -
is varied. What is the [(A)

wire’s resistance? 50

001 Q T R.: inverse
25 of the slope

0.02 Q

500 0+ ; : AV (V)

100 Q 0.0 05 1.0

Some other value

v

moow>
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Nonohmic Materials

= Some materials and devices are nonohmic,
meaning that the current through the device is not
directly proportional to the potential difference.

= Diodes, batteries, and capacitors are all nonohmic

devices.
Nonohmic materials

Diode-
!

€,

This curve is not
linear and does not
have a constant slope.

AV
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Battery-Wire-Resistor-Wire Circuit

= The figure shows a
resistor connected to
a battery with current-
carrying wires.

Current must be
conserved; hence the
current I through the
resistor is the same as
the current in each
wire.

The next two slides
show how the electric
potential varies
through the circuit.
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|2

R

The current is constant along the
wire-resistor-wire combination.

A
1]
Wire Resfjsmr

3/25/2019
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Battery-Wire-Resistor-Wire Circuit

..... In the ideal-wire

V

A Vbat

s®
.

A Vresist

model there is no
voltage drop along
the wires. All the
voltage drop is
across the resistor:
Avrmiq = Avhzn'

©2017 Pearson Education, Inc.

Wire Resistor
Distance around circuit

Wire
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Battery-Wire-Resistor-Wire Circuit

(a) The current is constant along the

I
Wire

wire-resistor-wire combi

e

tion.

(b)

AViu

.- In the ideal-wire

model there is no

Wire

Resistor
©2017 Pearson Educaton, Inc. Distance around circuit

Wire
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Example 27.7 A Battery and a Resisto

EXAMPLE 27.7 | A battery and a resistor

What resistor would have a 15 mA current if connected across the terminals of a 9.0 V/
battery?

MODEL Assume the resistor is connected to the battery with ideal wires,

SOLVE Connecting the resistor to the battery with ideal wires makes AV, =
AV, = 9.0 V. From Ohm's law, the resistance giving a 15 mA current is

Wi _ 90V

K 1 0015 A

= 600 £}

Assess Currents of a few mA and resistances of a few hundred ohms are quite typical
of real circuits.
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Chapter 27 Summary Slides
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General Principles

Current is a nonequilibrium motion A
of charges sustained by an clectric field.
Nonuniform surface charge density creates
an electric field in a wire. The electric field +
pushes the electron current i, in a direction
opposite to E. The conventional current |

is in the direction in which positive charge i
seems to move =

©2017 Pearson Education, Inc.
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General Principles

Conservation of Charge

The current is the same at any two
points in a wire.
Ata junction,

2= Dl

This is Kirchhoff’s junction law.
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General Principles

Electron current
i, = rate of electron flow
N, =i At
Conventional current
I = rate of charge flow = ei,
Q=1IAt
Current density
J=1A
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Important Concepts

Sea of electrons

Conduction electrons move freely around
the positive ions that form the atomic
lautice.

Conduction

An electric field causes a slow drift at speed
V410 be superimposed on the rapid but
random thermal motions of the electrons.

Collisions of electrons with the ions transfer energy to the atoms.

This makes the wire warm and lightbulbs glow. More collisions
mean a higher resistivity p and a lower conductivity o

©2017 Pearson Education, Inc. Slide 27-84
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Important Concepts

The drift speed is vy =

collisions.

The electron current is related to the drift speed by
i =n Avy

where n_ is the electron density.

©2017 Pearson Education, Inc.

er o s
E, where 7 is the mean time between
m
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Important Concepts

An electric field E in a conductor causes a current density
J = n.evy = oE, where the conductivity is

7 nelr

= m
The resistivity is p = l/o.
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Applications

Resistors

A potential difference AV, between the ends
of a wire creates an clectric field inside the wire:
AV

L
The electric field causes a current in the direction
of decreasing potential

E..=

The size of the current is

AVyire
R

1=

AV
P . N
where R = =~ is the wire’s resistance.

This is Ohm’s law. 4
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Decreasing V
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