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High concentration
of iron filings
indicates stronger
magnetic field.
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Magnetic field is Stronger
tangent to magnetic
magnetic field line. field
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External magnetic
field lines point
from N toward S.
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Internal magnetic
field lines point
from S toward N.

@ Cengage Learning



Geographic
South Pole

Geographic
North Pole
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Typical Field Strengths

* The units of the magnetic field are Teslas
* Typical field strengths
* Earth's magnetic field 5x10°T
* Sun's magnetie field 2x107*T
* Bar magnet 9x1 0°1
* World’s strongest magnet 457
*+ Neutron Star magnetic field 10°T to 10°T



Reading Question 30.5

A current moving
upward along a
vertical wire
generates a
magnetic field

Pointed upward
Pointed downwards
Clockwise around the
wire
Counter-clockwise
around the wire



Biot Savart Law

Field due to a moving charge
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Example
field due to electron
orbiting proton
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Field of a long straight wire
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Magnetic field of a
current loop

A 4B = dB, + dB, i MOIRz :
B B| = 2D 3/2j
2(R? 4 y?)

What is it at the center?

«What is it lemt and 1 w1 above?
What is it for Y »» R?
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Magnetic Dipole Moment

Always
=14
For a current loop
—, IRE -
y>>R— B = ngs j and p=IrR?
. Y "
of magnetic fild | - g =IrR?
along y axis H
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Ferromagnetic material
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Maagnetic Force on a
Charged Particle

The magnetic force is a TURNING force
Fg = q(7 x B)
Fp| = |q|(|5]| B|siny)
|FB\ (l'UHBJ_D

(180 Q)
(180 — Q)




Right Hand Rule #2 and
examples

* QOnly the perpendicular component
matters

* Let’s look at a few cases

* Let’s calculate a few cases



Lorentz Force

ﬁL=FE—I-FB =q(E—I—17X§)

* Let’s do a few qualitative
and quantitative examples
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North geographic pole

Trapped

CoSmIC
rays \\

South geographic pole

> Cengage Learning |




Mass

pectrometer

®
X

%

X Q Q&
RN ® &
X &
Region 2
X

E

X @ ® ® &

N

S
®I"
® B @ I /8 ® ® §
_® 5
® ® ®

X
X

Photographic

plate
—

+ + + + +

® @ ® B® &
® K O Q & &

¥+ _+ TEmT
XX
@6]3?

Region 1
®

;

L

X
03¢
QE

2

—
B

@ @ ® ® ® &

Velocity selector



Reading Question 30.6

A magnetic field a. Accelerate, not

can only the decelerate

velocity of a b. Change the direction of,

moving Charged change the kinetic
energy

particle. It can
c. Accelerate, not do work

d. Change the direction of,
do no work.



Force on a current
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Force Between Two Long,
Straight Wires
* The y |

s d s y 2. Direction of magnetic
‘r X | f rted by B
mlag “l u e ls X C(l)li‘(r:Zr?txii v?/ire)é o
Z - )
given by 1 i e

€ Wire 1 W
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Side view
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orque on a Current Loop
in a Magnetic Field
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Torque

* When field is perpendicular to plane T = NIABsin

* When field is parallel to plane T = NuBsiny

* |n between? 7=nji x B

* Torque attempts to align plane of If there is potential for

current loop with the magnetic field : : :
motion, there is potential

* Be careful, the angle here is NOT the
same as the angle for forces energy

—

* Examples U = —ji- B = —pBcosy



M
otors/Generators

NS
SRS




“‘\_/' — ' Current through

FaS A A
commutator but not — . .
through rotor; 7 = 0 7' —‘tB(] x Z) ) ‘EBk
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