


Goals for Chapter 28

» To determine the magnetic field produced by a
moving charge

 To study the magnetic field of an element of a
current-carrying conductor

 To calculate the magnetic field of a long, straight,

current-carrying conductor

 To study the magnetic force between current-
carrying wires

» To determine the magnetic field of a circular loo

0

* To use Ampere’s Law to calculate magnetic fields
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Introduction

- What can we say about
the magnetic field due
to a solenoid?

- What actually creates
magnetic fields?

* We will introduce
Ampere’s law to
calculate magnetic
fields.
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The magnetic field of a moving charge

Perspective view

« A moving charge generates a | y -
] _ Right-hand rule for the magnetic field due to
mag netl C fl e I d tha‘t depends On a positive charge moving at constant velocity:

Point the thumb of your right hand in the
the Ve I OCity Of the Charge. direction of the velocity. Your I'ingex:s now curl

around the charge in the direction of the

magnetic field lines. (If the charge is negative,

. Figu re 28 1 ShOWS the d i reCtiOn the field lines are in the opposite diroctiou':\)\

For these field points, 7 and U

Of the fiEId . both lie in the beige plane, and

B is perpendicular to this plane.

View from behind the charge

The X symbol
indicates that the
charge is moving into
the plane of the page
(away from you).

For these field points,  and v both lie in the
gold plane, and B is perpendicular to this plane.
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Magnetic force between moving protons

» Follow the text
discussion of the
vector magnetic field.

» Follow Example 28.1
using Figure 28.2 at
the right.

————-
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Magnetic field of a current element

* The total magnetic field of ” —
several moving charges Is —a '[ s

the vector sum of each field.

For these field points, r and dZ both lie in the %
beige plane, and dB is pcl‘pcmlicul;n' to this

 Follow the text discussion of
the vector magnetic field due
to a current element. Refer to
Figure 28.3 at the right. The ,
formula derived is called the A |
law of Biot and Savart.

gold plane, and dB is perpendicular to this plane.

(b) View along the axis of the current
element

\ Current directed into
@)/(th e plane of the page
/
*\ &) |

\\/
N/
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Magnetic field of a current segment
» Read Problem-Solving Strategy 28.1.
* Follow Example 28.2 using Figure 28.4 below.

y
0 P,
@Pz\ 1.2 m
(954 =18 125 A
C K 30> ) — X
—>| l&—
Z 1.0cm
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Magnetic field of a straight current-carrying conductor

* If we apply the law of Biot and Savart to a long straight
conductor, the result is B = g,l/2nx. See Figure 28.5 below left.
Figure 28.6 below right shows the right-hand rule for the

direction of the force. Right-hand rule for the magnetic field

y around a current-carrying wire: Point the

l thumb of your right hand in the direction of the
a current. Your fingers now curl around the wire

in the direction of the magnetic field lines.

I' caused by each element of
the conductor points into the
4 plane of the page, as does
T the total B field.

T At point P, the field dB
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Magnetic fields of long wires
» Follow Example 28.3 for one wire.

 Follow Example 28.4 for two wires. Use Figure 28.7 below.

@) y (b)
‘Btotal
B?_‘ P Wire 1 | | Wire 2 fB |
() R
e ¥ P °1 P *
= total k—d—><—d—>|
! | 34 Blolal
S 3d
2—2Vg,
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Force between parallel conductors

The magnetic field of the lower wire exerts an

° I h f 't I th attractive force on the upper wire. By the same
e O rce per u n I e n g token, the upper wire attracts the lower one.

O n eaC h CO n d u Ctor‘ IS If the wires had currents in opposite directions,

they would repel each other.
e
- &

FIL = ul1 L/27r. (See —
Figure 28.9 at the right.)

« The conductors attract
each other If the currents
are In the same direction
and repel If they are In
opposite directions.
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Forces between parallel wires

 Follow Example 28.5 using Figure 28.10 below.

I=15000A L

2
<
-

. 23

r=4.5mm

>

I'=15000A
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Magnetic field of a circular current loop

- The Biot Savart law gives i
B, = wla2/2(x2 + a2)¥2 on the
axis of the loop. Follow
the text derivation using
Figure 28.12 at the right.

At the center of N loops,
the field on the axis is
B, = uNl/2a.
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Magnetic field of a coill

. B
* Figure 28.1:_)) (tOP) Right-hand rule for the
shows the direction of reamrentinalonp: . G

the field using the
right-hand rule.

 Figure 28.14 (below)
shows a graph of the
field along the x-axis.

 Follow Example 28.6.

| |
—3a —2a —a O a 2a 3a
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Ampere’s law (special case)

* Follow the text discussion of Ampere’s law for a circular path
around a long straight conductor, using Figure 28.16 below.

(@) Integration path is a circle centered on the (b) Same integration path as in (@), but (©) An integration path that does not enclose the
conductor; integration goes around the circle integration goes around the circle clockwise. conductor

counterclockwise. : ' J
> Result: $B = dl = — gl Result: $B «dl = 0
Result: $B - dl = ppl :

B

=)
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Ampere’s law (general statement)

* Follow the text discussion of the general statement of Ampere’s
law, using Figures 28.17 and 28.18 below.

Perspective view

(@

Curl the fingers of
your right hand around
the integration path:
Your thumb points

in the direction of
positive current.

Arbitrary closed
curve around
conductors

B

Top view

Plane of
curve

(b)

Isg=11 =K+

Ampere’s law: If we calculate the line integral
I® of the magnetic field around a closed curve, the
result equals w, times the total enclosed current:

$B - dl = pyl

encl*
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Magnetic fields of long conductors
» Read Problem-Solving Strategy 28.2.

» Follow Example 28.7 for a long straight conductor.

 Follow Example 28.8 for a long cylinder, using Figures 28.20
and 28.21 below.

B
mol |
)i 2R |
pol r /1
B=5—-—7/ |
277 R | B M() I
Lol | : 2arr
da 2 2mR |
!
| |
I/ | I I Ly
O R 2R 3R 4R
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Field of a sole

noid

» A solenoid consists of a helical winding of wire on a cylinder.

* Follow Example 28.9 using Figures 28.22—28.24 below.
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Field of a toroidal solenoid
A toroidal solenoid Is a doughnut-shaped solenoid.

* Follow Example 28.10 using Figure 28.25 below.

Path2 7 Path 3

The magnetic field is confined almost entirely
to the space enclosed by the windings (in blue).
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The Bohr magneton and paramagnetism

* Follow the text discussions of the il o
Bohr magneton and paramagnetism, netic Materials at T = 20°C
using Figure 28.26 below. Material X = Ky = 1 (X 1079)

Paramagnetic
 Table 28.1 shows the magnetic o ammonium alun i
susceptibilities of some materials. l‘j] ‘2“6’

Aluminum 2.2

» Follow Example 28.11. o o
Oxygen gas 0.19
Diamagnetic
Bismuth —16.6
Mercury =29
Silver —2.6
Carbon (diamond) —2.1
Lead —1.8
Sodium chloride =14
Copper —-1.0
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Diamagnetism and ferromagnetism

(a) No field

Follow the text discussion of

diamagnetism and ferromagnetism. e —
Figure 28.27 at the right shows how — «—
magnetic domains react to an applied
- . (b) Weak field
magnetic field.
A —>
Figure 28.28 below shows a
magnetization curve for a = -
ferromagnetic material.
M = on
B
My [ o s o e e e (c) Stronger field
@
—
—>
@
B, —
0 B
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Hysteresis

 Read the text discussion of hysteresis using Figure 28.29 below.

 Follow Example 28.12.

(a) (b) (©

@ A large external field in the @ External field is reduced to

opposite direction is needed to Magnetlzatl(-).l'l ...... Ee zero; magnetization remains.
reduce the magnetization to zero. ML A Ml i fingetisg _ M

: @ Material is magnetized These materials can

Y to saturation by an external field. be magnetized to
@ Further increasing the saturation and
reversed external field gives " Applied external demagnetized by B
the material a magnetization " field B, - smaller external . 0
in the reverse direction. | fields than in (a).
. @ Increasing the external field
i = in the original direction

@ This magnetization remains if

it again reduces the
the external field is reduced to zero.

ot

magnetization to zero.
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