October 8th

Magnetic Fields - Chapter 29



Review

e Force due to a magnetic field is FB — q\7 X B

e Charged particles moving with v [
to a B field move In a circular path

with radius r
Path of proton

*B

r =

qB . .



Hall Effect

e Electrons moving in a l 1
wire (= current) can be = ¢ -
deflected by a B fied . . . . ===
called the Hall effect B B

e Creates a Hall potential
difference, V. across the
wire

e Instead of an individual

electron let's consider the
current through the wire l; 1,-




What Is /; on a current?

F. =qvxB
e Want to replace g with /
| = @ so (= It
dt

e Relate time ¢ to length of
wire L and drift velocity v,
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Magnetic Fields (Fig. 29-17)

. | I_ e Jo agep
e Chargeis q=— S ——— [
Vd

e Substitute this for g In

F. =QVxB

e Velocity Is drift velocity, v, X N ¢ .

1LV,

F. =qv,Bsng= Bsng

Va



Magnetic Fields (Fig. 29-18)

F. =ILBSing
e Force on a current Is
F, =iLxB

e Vector L points along wire In
the direction of the current

e Force on a single charge is |fB — q\7 X é



Magnetic Fields (Fig. 29-16)

e Hall effect - B field o
exerts force on
electrons moving in
wire

e Electrons cannot
escape wire so force Is :
transmitted to wire .
Itself

e Change either direction i-o
of current or B field,
reverses force on wire
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Checkpoint #5

@ What is the direction of the B field so F; Is
maximum?

—

F, =iLxB=iLBsing

e Where’'s the maximum?

sng=1 ¢=90 ~— |~

B
e What's the direction of B ? / l

Use right-hand rule ¥

B points In -y



Magnetic Fields (Fig. 29-20)

e What happens If we put
a loop of wire carrying a
current in a B field ?

e 5 on opposite sides of
the loop produce a
torgue on the loop
causing It to rotate.

Electric motor — a commutator reverses the
direction of the current every half turn to that
the torque iIs always in the same direction.



Magnetic Fields (Figs. 29-21c¢)

e Define normal n» to plane

: : 511-4?\‘3;1';19 !
using right-hand rule b N\ -
| P
e Torgue tends to rotate loop B
to align 7 with B field \\
e Torque for single loop \
: : |
r =1IABsSIné
where A Is the area of the loop f =
and 0 Is between n and B {,l\ﬂfﬂ“ =
e Replace single loop with coll HF\/ -
of N loops or turns A

r=(NiABsng 17
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Magnetic Fields
* Define magnetic dipole moment fy = NI A

T =(NIABsing = uBsing

e The direction of the magnetic

I
dipole moment is the same as ifwmu w7
X Ve
N C

the normal vector to the plane. / r

- —> -'..-'1:'.- -
S T —Side 5
— Rotation—" "~

e The torque becomes




Magnetic Fields

e A magnetic dipole in a .
magnetic field has a — —77e
magnetic potential U = /J B
energy, U

e Lowest energy when s
dipole moment lined 2

up with 2 field Q Q

e Highest energy when p R ;
dipole moment directed u

opposite B field Highest Lowest
energy energy

B



Magnetic Fields

* Magnetic dipole moment p has

Torque Potential Energy

—

I =[IxB U=-fi+B

e Remember electric dipole moment p

Torque Potential Energy

—

= pxE U=-p-E



