Course Updates

Notes for today:
1) Assignment #7 due Monday

2) This week: Finish Chap 27 (magnetic fields
and forces)



Thompson's charge/mass ratio of electron measurement

Electron beam

Screen




Magnetism

Forces & Magnetic Dipoles







Faraday's motor

Wire with current
rotates around a
Permanent magnet

dF =1dI x B




‘“ Torque on a rectangular
current loop

/ "~ The loop will
feel a torque
which tends to

rotate the loop,
back into plane

i B!

Consider a wire loop dimensions a X b whose plane 1s an angle ¢ relative
to a constant B field. There will be a net torque whose magnitude on this

loop 1s given by,

7| = IBabsin ¢ = IB(area)sin ¢



Magnetic Moment, u , of a rectangular
current loop

Definition ; @ = currentxarea= 1 A

—>

U 1s vector quantity, whose direction 1s

¥
= normal to loop plane, use right hand rule to
define direction.
[—

We can define vector torque more conveniently
in terms of vector magnetic moment crossed
by B field

T=@xB

Another name for a current loop Is “magnetic dipole”



Derivation of T = :L_Z X B Torque on a rectangular
current loop

Forces on wires of length b
are collinear and cancel.

F=1]xB
Forces on wires of length a

cancel but are not collinear.
There will be a torque.

B

=1
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F = 1| x B|= laB
T=2rF = 2(% sin@)(laB)
7| =1B(ab)sing

T|= ,uBsin¢:‘ﬁ><l§‘

7 =/ixB




F = IL x B

A square loop of wire is carrying
current in the counterclockwise
direction. There 1s a horizontal uniform
magnetic field pointing to the right.

a) Zero b) out of the page
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¢) into the page



F = IL x B

A square loop of wire is carrying
current in the counterclockwise
direction. There 1s a horizontal uniform
magnetic field pointing to the right.

b) out of the page

Fp=0=F4
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¢) into the page

B.



F = IL x B

A square loop of wire is carrying
current in the counterclockwise
direction. There 1s a horizontal uniform
magnetic field pointing to the right.

a) Zero b) out of the page
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¢) into the page



F = IL x B

A square loop of wire is carrying

current 1n the counterclockwise

direction. There 1s a horizontal uniform

magnetic field pointing to the right. a -

¥ ¥ Y Y Yy YYYYYY

a) Zero b) out of the page @nto the @
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F = IL x B

A square loop of wire is carrying
current in the counterclockwise
direction. There 1s a horizontal uniform
magnetic field pointing to the right.

a) Zero b) out of the page

¥ ¥ Y Y Yy YYYYYY

¢) into the page



F = IL x B

d c >
A square loop of wire is carrying .
current in the counterclockwise .
direction. There is a horizontal uniform g
magnetic field pointing to the right. a - b

b) out of the page ¢) into the page

—
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Magnetic Moment, u , of arbitrary loop

Definition ; p = currentxarea=I A This is
We can more generally define magnetic moments only gener'al
by area and do not need to know the actual dimensions.

"l A
[/ T OK

= I I
For any shape, p = currentxarea=I A

and - - =
T=UXB

>

—>

—>

Note: if loop consists of N turns, u=NAI



Torque on loop In different angular positions

o B
B
HT / T [
T .
/1-» 4A\
Net torque is zero when Net torque is maximum when
B is parallel to p B 1s perpendicular to p




Bar Magnet Analogy

* You can think of a magnetic dipole moment as a bar

magnet:

1

 We will see that such a current loop does produce magnetic
fields, similar to a bar magnet.



Application; galvanometer uses torques on
coiled loops in magnetic field

Restoring
torque

Torque is produced about the
needle axis and this counter
acts the restoring spring and
enables the needle to rotate

Magnetic-
A L/f field

torque

Current increased Current decreased

- U =1+ Areaincreases - u decreases

- Torque from Bincreases > Torque from B decreases

> Angle of needle - Angle of needle
increases decreases

This is how almost all dial meters work—voltmeters,
ammeters, speedometers, RPMs, etc.
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Fi eld

A circular loop has r'adlus = 5 cm and carries
current I =2 A in the

counterclockwise direction. A magnetic field 8=0.5T
exists in the

neqo‘hve z-direction. The 'oan iz at an angle €= 20°to
the xpplane. ,
u=rr’l=.0157 Am?

u

O, Xz T

. =— sin 30° = —.0079 Am?
(= wcos30°= .0136 Am?




Electric Dipole Analogy

E
tle . X,
> 9\\
() > vg &
-q
T=rxF F=FxE
Fegf FelixB
=2qa 1=NAI
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A square loop of wire is carrying

current 1n the counterclockwise

direction. There 1s a horizontal uniform

magnetic field pointing to the right. a

a)zero b)up c¢)down d)outof the page

¢) into the page

Y Y Y Y Y Y YyYYYYY



d C
A square loop of wire is carrying
current 1n the counterclockwise
direction. There 1s a horizontal uniform
magnetic field pointing to the right. a - b

a) Zero c)down d)outof the page e) into the page
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Potential Energy of Dipole

>
Work must be done to change . B
the orientation of a dipole 9\
(current loop) in the presence of ~ >
a magnetic field. -4 2 >

Define a potential energy U (with zero at
position of max torque) corresponding to
this work.

0 9
U = dee — U= [uBsin 0do
90°

Therefore,

U = uB|-cosfl,. = U=-uBcost :>[U = —jieB




Potential Energy of Dipole

> > >
B B B
> > >
> > >
> > >
=0 T:MB =0
U=-uB U=0 U= uB

€ >
negative work positive work




Question 35: Loop Loop 2

: : & (®
Two current carrying loops are oriented
in a uniform magnetic field. The loops
are nearly identical, except the direction
) ]

of current 1s reversed.

a) clockwise b) counter-clockwise C) zero



Question 35:
Two current carrying loops are oriented
in a uniform magnetic field. The loops
are nearly identical, except the direction
of current is reversed.

Loop 1

Loop 2

e/

(o)

a) clockwise b) counter-clockwise

L left

) B

7=0



Question 6:
Two current carrying loops are oriented
in a uniform magnetic field. The loops
are nearly identical, except the direction
of current is reversed.

a) T,>T, b)r, =T,

Loop 1

Loop 2

e/

(o)

c)T, <T,



Question 6:
Two current carrying loops are oriented
in a uniform magnetic field. The loops
are nearly identical, except the direction
of current is reversed.

a) T,>T, <b)r1:D

L right

Loop 1 Loop 2
& (&)
() iy
¢) T, <T,
u B 0° r=0



Question 7:
Two current carrying loops are oriented
in a uniform magnetic field. The loops
are nearly identical, except the direction
of current is reversed.

a) loop 1 b) loop 2

Loop 1

Loop 2

e/

(o)

c) the same



Question 7:

Two current carrying loops are oriented

in a uniform magnetic field. The loops

are nearly identical, except the direction

of current 1s reversed.

Loop 1 Loop 2
& ()
() (4
c) the same



The Hall EffecT
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+ Positive charges moving * Negative charges moving
CCW experience upward clockwise experience

E%uﬁ:lgnum between electrostatic & magne‘f'E%%gs force

- Upper pla’re at higher ‘vUpper plate at /ower
mn-ﬂ“&llft Fiown = QEinguced = 4 Wpo‘l'eﬁi'ra‘fdnﬂBW "Hall Voltage"

* This type of experiment led to the discovery (E. Hall, 1879) that current in
conductors is carried by negative charges (not always so in semiconductors).

e Can be used as a B-sensor.




* Decision time approaching




