Your Comments

Well | know I can't say the concepts were easy. In addition | am not sure they are difficult.
Therefore, | assume that | found the concepts difficult. | would like to be sure that we
discuss everything there is to discuss.

| often accidentally use my left hand to figure out the direction of a cross product because
it's hard to move my right hand into those crazy vector positions.

Please go over the concept of the dipole and its potential energy

Torque and potential energy were confusing to understand conceptually. .
Torque was always confusing to me! Even in 211!

I'm pretty intimidated by this topic.

| know we haven't found any yet, but with future advances in physics, do you believe
we will ever find a monopole?

Woah give me a MOMENT to process this because my head's spinning because torque
and oh look there's a cat MEWing
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Physics 212

Lecture 13

Today’s Concept:

Torques

n =~
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Last Time:

FogbxB

This Time:
ﬁ=g2\2)(é A4
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Clicker Question

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

—

F=ILxB

YA N

N ZZ‘
Ca—

¥ Y Y YYYYYYY

a

What is the force on section a-b of the loop?

B.out of the page

C.mto the page
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Clicker Question

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

F=ILxB >
d >
=LA
— ™S >
4 .
7 2\ >
a >
\ .
N / .
a s F\j/ >
What is the force on section b-c of the loop?
A Zero

B.out of the page
|c.nto the panfI

Electricity & Magnetism Lecture 13, Slide 5



Clicker Question

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

F=ILxB >
/d _\ C .

8 ~ .

(o) X

[

Q/J—r b .

What is the force on section d-a of the loop?
A) Zero

B) I Out of the page I
C) Intothe page
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CheckPoint 1a

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

>
d C .
>
/\ "
7 N >
>
O, SO—
AN 7 >
~___~ .
a > b >
What is the direction of the net force on the loop? 80 753
A. Out of the page B. Into of the page 60

C.[The net force on the Toop Is zero |

% of Students
Py

“it is a closed loop (length vector is 0) so the net force A

iSOF=ILxB=0 1
[

A B C

~N
o

o

Electricity & Magnetism Lecture 13, Slide 7



CheckPoint 1b

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

ya
|
: >
d : & >
T >
: >
: >
D t P >
--------- () EXCEECE FERPERT 69 EEEE RS
: >
: >
1 >
a > : b >
In which direction will the loop rotate? ” 537
(assume the z axis is out of the page) )
£ 40
A)  Around the x axis ‘:3 7
. 20 15. 17.4
'B)  Around they axis | = ’ 133
C)  Around the z axis .
D) It will not rotate A B c D
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CheckPoint 1c i

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

( ; : >
d : G >
- >
: >
: >
1 > - —_—
° —
(o) :—RP(X)F > T =RxF
5 >
T >
a > : b >
What is the direction of the net torque on the loop? T
30
B. Down § 232 au
C. Out of the page D. Into the page ‘g”
E. The net torque is zero = 0 i 104

A B C D E

r x f =torque
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Magnetic Dipole Moment

I/

f\ ~ Area vector
4 Magnitude = Area
Direction uses R.H.R.
r 1
u=IA
I/
(.

Magnetic Dipole moment

. i = NIA

N furns
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u Makes Torque Easy!

T = ILt X B The torque always wants to line ¢ up with 5!

turns U toward B

W

y
B
T = ﬁxé turns u toward B
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Practice with uand t

— — g d (o] :
(o) "

\u - :

> / b >

In this case [t is out of the page (using right hand rule)

is up (turns u toward B)
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CheckPoint 2a

Three different orientations of a magnetic dipole moment in a constant magnetic field are
shown below. Which orientation results in the largest magnetic torque on the dipole?

b .
d A\ e .
[T L s ] > B
- - -y ,
N 4 -
N N .
>
T=UxB .
. L e T
Biggest when ¢ | B A : c

Electricity & Magnetism Lecture 13, Slide 13



Magnetic Field can do Work on u

From Physics 211: W = frdﬁ

From Physics 212: ‘; ﬂ X B ﬂB sm(b’)

1

W = f uBsin(6)dO = uB cos(6) = B

AU=-W . /

Define U = 0 at position of
maximum torque

Us-ji-B = s <«
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CheckPoint 2b

>
3 >
C P
] > B
>
¢ >
U =-uBcos6
U=0 >
U = +uBcos¢ = .
Which orientation has the most potential energy?
50 293

U=-jiB

.
o

34.1

w
o

~
o

16

% of Students

[y
o

o

A B C
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Three different orientations of a magnetic dipole moment in a constant magnetic field are
shown below. We want to rotate the dipole in the CCW direction.

WA

B

vV V. vV vV vV vV v v

First, consider rotating to position c. What are the signs of the work done by you and the

work done by the field?
A) W, >0, W, >0 ”ﬁeld =-AU

B) W, >0, W,4<0 * AU >0, s0 W,y <0. W, must be opposite W,

C) W, <0, Wg,,>0

¢ nd displacement in i irecions —
D) W, <0, Wgyq <0 Also, torque and displacement in opposite directions

Weeiq <0
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CheckPoint 2c

Three different orientations of a magnetic dipole moment in a constant magnetic field are
shown below. In order to rotate a horizontal magnetic dipole to the three positions shown,
which one requires the most work done by the magnetic field?

BY BY
YOU  FIELD

vV vV v vV vV vV v v

Oa Ob Oc I/Vb

V

eu =AU =U, -U,
U=—ji-B

o o Wy, oy = 1B ~ (~aB0s6),) = ~dB(1 - o)

B): —PW;W_ﬁeld =—-uB-0=-uB

p): =W, =—UB - (-uBcosl,) =-uB(l+cosg,)
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Z
A square loop of side a lies in the x—z plane with B g ] B
current / as shown. The loop can rotate about x 30
axis without friction. A uniform field B points
along the +z axis. Assume g, /, and B are known.

How much does the potential energy of the 7

system change as the coil moves from its X —_ final
. eae ey . . ey InMa

initial position to its final position.

Conceptual Analysis
A current loop may experience a torque in a constant magnetic field

T=uXB
We can associate a potential energy with the orientation of loop
U=-u-B

Strategic Analysis
Find u
Calculate the change in potential energy from initial to final
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Calculation

Z
A square loop of side a lies in the x—z plane with B g ] B
current / as shown. The loop can rotate about x 30
axis without friction. A uniform field B points
along thé +z axis. Assume ¢, /, and B are known.

. final
initial

What is the direction of the magnetic moment of this current loop in its initial
position?

A) +x B) —x | C) +y | D) -y
| \
1 u
. * @ 1 ﬁ=IA q—y
y
-

Right Hand Rule
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Calculation

Z
A square loop of side a lies in the x—z plane with B g ] B
current / as shown. The loop can rotate about x ‘ 30 ‘

axis without friction. A uniform field B points
along the +z axis. Assume g, /, and B are known.

. final
initial

What is the direction of the torque on this current loop in the initial position?

B) —x C) +y D) -y
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Calculation

Z
A square loop of side a lies in the x—z plane with B g ] B
current / as shown. The loop can rotate about x 30
axis without friction. A uniform field B points
along the +z axis. Assume g, /, and B are known.

y y
Y a
—_
U — _‘l/{ * B X ! final
initial
What is the potential energy of the initial state?
A) (]initial <0 ‘ B) (]initial = Ol C) l]initial >0
5 6=90" =P ji*B=0
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Z
A square loop of side a lies in the x—z plane with B g ] B
current / as shown. The loop can rotate about x 30
axis without friction. A uniform field B points
along the +z axis. Assume g, /, and B are known.

Y y
Y a
—_
U=-u-B v -
initial
What is the potential energy of the final state?
Check: u moves away from B
Z
final —p () = 1200 Energy must increase !
== 11*B <0
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Z
A square loop of side a lies in the x—z plane with B g ] B
current / as shown. The loop can rotate about x ‘ 30 ‘

axis without friction. A uniform field B points
along the +z axis. Assume g, /, and B are known.

Y y
— a
U = _lLl . B X ' final
initial
What is the potential energy of the final state?
1
A)U =1a’B B) U=§Ia28 C) U=51a2B
z R ) 1
cos(120°)=—l wep U =-uB=-uBcos (120 )=§ﬂB
B 2 2
u=1Ila
6= 1200 1
y # U = ElazB
u

Electricity & Magnetism Lecture 13, Slide 23



