Your Comments

Those eyes watching the current loop scared me! Now I'm gonna have to sleep with the
light on for at least 3 days. Thanks a lot Gary.

Magnetic moments are very difficult to understand, and the second checkpoint question is
very confusing.

| feel like | should have a good grip on this new information because it is about similar
topics as 211 but | am honestly very confused as to what is going on.

I'm confusing the direction of the magnetic field vector and the torque vector. Can you
elaborate more on these in class?

The dipole moment is really confusing.

So many directions were pointed out to me that | got lost! What is the torque
direction? Is that the same of the magnetic moment?

ahhh! so many things

How does one use the right hand rule when direction of current/particle and magnetic
field are parallel?
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Physics 212

Lecture 13

Today’s Concept:

Torques
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Last Time:

F=quxB

This Time:
F=q> VxB Y
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Clicker Question

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

F=ILxB

¥y 7y vy YyYYyYVYyYYY

&f
Gt

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

B.out ot the page
Cinto the page
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Clicker Question

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

F=ILxB
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What is the force on section b-c of the loop?
K Zero
B.out of the page
[C.nto the pag_el
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Clicker Question

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

F=ILxB —

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

B) I Out of the page I

C) Into the 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 >
>
A h
7 AN g
>
® -
a o b >
>
What is the direction of the net force on the loop? 80 733
A. Out of the page B. Into of the page 60

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

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

iSOF=ILxB=0 10
[ ]

A B C

% of Students
g
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=
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CheckPoint 1b

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

y
|
: >
d : C >
T >
: >
: >
7N 5 - -
--------- () EECECEEI TEEEEEY ¢ SEEEECERRES
: >
: >
T >
a e : b >
In which direction will the loop rotate? ” 37
(assume the z axis is out of the page) i
£ 40
A)  Around the x axis Z
IB)  Around they axis | i R
C)  Around the z axis U
D) It will not rotate A ; c D
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CheckPoint 1c

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

|
‘ : : >
d ! c >
T >
: -
: >
i — - — —_
©O) TP(X,T— . T =RxF
: >
: >
1 L
da > : b »
What is the direction of the net torque on the loop? NEE:
C. Out of the page D. Into the page 57
E. The net torque is zero ® il 104

A B c D E

r x f =torque
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Magnetic Dipole Moment

7§

(—\ B Area vector
A4 Magnitude = Area
Direction uses R.H.R.
1
(e :

Magnetic Dipole moment

‘ 7i = NIA

N turns

Electricity & Magnetism Lecture 13, Slide 10



uMakes Torque Easy!

T = X B turns x toward B
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Practice with gand ¢

— — ~ d c .
T=uxBb B -
O) .

AN~ 4 g

\-/ . .

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

is up (turns x 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

B

Yy yy vy vy vyYyYyYy

100
82.8

a0

60

40

% of Students

7=1ixB

20
B9 8,3

Biggest when l[j | § ) : c
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Magnetic Field can do Work on u

From Physics 211:  \W = J"[d@
From Physics 212: 7 = U X B = ub Sin(6)

W = ijsin(a)de = uBcos(8) = ii-B

AU =-W

Define U = 0 at position of
maximum torque

= a1 o (3] [l 6]

Uz—ﬁ-é m— iT—bB G
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CheckPoint 2b

]

¢

0
U =—uBcosé

U =+uBcosg U=0

Yy vy vy vy vy vy Yy

Which onentation has the most potential energy?

U=-zi-B 7 [

40

34.1

30

20 15

% of Students

10

A ] 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.

T
vV v vV vv

L AT

:B

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 ou > OI Wfidd > 0

B) Wy, >0, Wgg<0

C) Wy, <0, Weiq >0
D) Wyo, <0, Wy <0

Wfield =—AU

* AU>0, so W,y <0. W, must be opposite Wy
* Also, torque and displacement in opposite directions —

Wiieg <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

Oa Ob Oc Wb = —-AU :Ui _Uf

y_field —
U=-4-B

Q) mp Wy, (og = —uB—(—uBcosf,) =—uB(l-cosd,)

—>Wby folg = —MB—0=—uB

A W g =—pB —(—1BC0sb,) = —1B(1+C0s¢,)
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Calculation

JA

A square loop of side a lies in the x—z plane with B ‘ o B
current | as shown. The loop can rotate about X 30

axis without friction. A uniform field B points

along the +z axis. Assume a, |, and B are known.

How much does the potential energy of the |
system change as the coil moves from its X . final
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 1/
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 ‘ c B
current | as shown. The loop can rotate about X 30

axis without friction. A uniform field B points

along thé +7 axis. Assume &, |, and B are known.

o final
initial

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

A) +X B) —X Z | C)+y | D) -y
<
- 7
' * C-;) ﬂ [IZIA |q—y
o

Right Hand Rule
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Calculation

z

A square loop of side a lies in the x—z plane with B ‘ c B
current | as shown. The loop can rotate about X 30

axis without friction. A uniform field B points

along the +z axis. Assume a, |, and B are known.

o 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

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

y y
—_— a
U=—-u-B X | .
initial na
What is the potential energy of the initial state?
A) Uinitiar <0 ‘ B) Uinitia =0| C) Uinitia >0
Z
. 6=90" == jieB=0
0 u
y
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Calculation

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

y y
— a
U=-iB '
’Ll *initial final
What is the potential energy of the final state?
A) Usina <0 B) Ufinas =0 C) Utinal > O‘
Check: 1 moves away from B
yA yA
initial final » 0= 1200 Energy must increase !
#
6 =90° =P 110 B <0
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Calculation

z

A square loop of side a lies in the x—z plane with B ‘ o B
current | as shown. The loop can rotate about X 30

axis without friction. A uniform field B points

along the +z axis. Assume a, |, and B are known.

y y
— a
U=—-u-B A .
initial na
What is the potential energy of the final state?
A)U = 1a°B B)U =§|a28 C) u :%IazB
YA 1 - . 1
cos (120°) = 5 wfp U =—p-B=-pBcos(120") = EﬂB
" u=la’
0: 1200 1 )
=P U =—I1a"B
\ P y 5
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