Electricity & Magnetism

Lecture 13

Today’s Concept:

Torques
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Electricity & Magnetism Lecture 13, Slide 1



Worms Feel B field

Worms (C. elegans) can sense the earth’s magnetic field.



https://news.utexas.edu/2015/06/17/first-magnetic-field-sensor-discovered-in-animal

Why is the zero of potential energy for the closed loop

taken from where it is perpendicular to the electric
field?

| do not understand if there is no net force on the loop
how there can be torque and how the torque doesn't
eventually stop.

can you prove how the cross product works?

When are we getting our midterm marks back : o




Velocity Selector
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Source: Wikipedia and voutube


https://youtu.be/MT-I0oUHMZc

Application: Mass spectrometer
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A velocity selector is used to select ions of given
velocity.

Then they are projected into a region of constant B and
zero E.

The radius of curvature depends on the ion’s mass.

A detector shows the various masses in the beam.




Torque Review

Compare the torques?

?:R)Xﬁ Case A -
|7_-)|:RJ_F

Case B

R.

Case C | 300 ...

Torque(A) > Torque(B) > Torque(C)
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Clicker Question

A square loop of wire is carrying current in the clockwise direction. There is a
horizontal uniform magnetic field pointing to the right.
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What is the force on section a-b on the loop?

A. Zero
B. Out of page
C. Into the Page

Electricity & Magnetism Lecture 13, Slide 3



Clicker Question

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

—_

F=ILxB ‘ °
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a < b

What is the force on section b-c on the loop?

A. Zero
B. Out of page
C. Into the Page
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Clicker Question

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

—_

F=ILxB ‘ °

¥ Y Y Yy Y Y VY Y Y Y Y

a < b

What is the force on section c-d on the loop?

A. Zero
B. Out of page
C. Into the Page
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CheckPoint 2

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

>
—_ —_— —_— d & -
F=ILxB .
/ ’\ :
>
1 :
X 7 >
S — >
4 ‘ b o Current Loop in a Magnetic Field: Question 1 (N
What is the direction of the net force on the loop? s
A. Out of page °°
B. Into the Page
C. Zero J—
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CheckPoint 4

A square loop of wire is carrying current in the clockwise direction. There is a
horizontal uniform magnetic field pointing to the right.
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Current Loop in a Magnetic Field: Question 3 (N
= 93)

In which direction will the loop rotate?
(assume the z axis is out of the page)

80

71

o
o

A)  Around the x axis

7 Around theya :
C)  Aroundthe z axis [ 1] iR

D) It will not rotate s s < o

% of Students
5

~
o
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CheckPoint 6

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

>
d ] c >
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k\ >
/1 N .
| >
into page ! 1 out of gage
. >
AN 7 >
|
a _4_\?‘/ b .
What is the direction of the net torque on the loop? f’ _ I_é X F’

A) up (on page) o Loop i Mgt il uestion'
CEB) down (on page o

C) out of page »

D) into page

E) nettorque is zero | mmﬂﬂ
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Magnetic Dipole Moment

I/

(\ ~ Area vector
% Magnitude = Area
Direction uses R.H.R.
I/
-~y

Magnetic Dipole moment

‘ i = NIA

N furns
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u Makes Torque Easy!

T = M X B The torque always wants to line u up with 5!

y
B

x B turns u toward B

=l

T =
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Practice with uw and t

—_ — g d C :
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In this case WL is out of the page (using right hand rule)
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Practice with uw and t

—_ — g ad C :
T=uxh S ;
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In this case W is IN to the page (using right hand rule)

Z A

is down (tums u toward B) Electricity & Magnetism Lecture 13, Slide 11



CheckPoint 8

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

b

YyvyvYyYvYvYVvYYy

Magnetic Moment in a Magnetic Field: Question
1(N=93)
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Magnetic Field does Work on Current-carrying wire

From Physics 120: W =f17d6
From Physics 121: T = @ xB=ub Siﬂ(@)

/2
W:f uBsin@'dd’” = uBcos =ji-B
0

1.0000 -
U 0.7500 -
0.5000 -
AU — _W 0.2500 A
0.0000 -
Define U = 0 at position of -0.2500 -
maximum torque -0.5000 1
> CI» -0.7500 - angle (0)
U — _/,[ * B -1.0000 -

0 45 9 M 135 180
—> + B =
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CheckPoint 10

i

U = +uBcos)

L
U=

yvyvyVvyyy

Which orientation has the lowest potential energy?
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CheckPoint 12

12) In order to rotate an horizontal magnetic dipole to the three postions shown, which one requires the most work done?

P>
b - ,
a C
\ ”
xea if Vi \I ’
q)a\ M I((O
BY BY
YOU FIELD
BY WHOM ?
Qa Ob Oc

Wiy fieta = =AU = U; — Uy
U=f-B
C): wpp W, 1y =—UB—(-uBcosB,)=-uB(l-cosb,)
B): _>Vbe_ﬁeld =-uB-0=-us
A): _>Wby_ﬁe1d =—uB - (-uBcosb,) = —uB(l +cos¢,)
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Calculation

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

How much does the potential energy of the I
system change as the coil moves from its X initial 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 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 30° ‘B
current / as shown. The loop can rotate about x
axis without friction. A uniform field B points
along the +z axis. Assume ¢, /, and B are known.

i=LA x - 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
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Calculation

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

X . final
initial

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

C A+ D 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 30° ‘B

current / as shown. The loop can rotate about x
axis without friction. A uniform field B points

along the +z axis. Assume ¢, /, and B are known.

Y y
a
U = —( - ﬁ x ] final
— ,L[ initial ne
What is the potential energy of the initial state?
A) Usitiar <0 B Ui =0_> Q) Usitiar >0
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Calculation

z

A square loop of side a lies in the x—z plane with ‘B 30° ‘B

current / as shown. The loop can rotate about x
axis without friction. A uniform field B points
along the +z axis. Assume ¢, /, and B are known.

> D I
U — _IL[ ) B ¥ initial final

What is the potential energy of the final state?
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Calculation

z

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

axis without friction. A uniform field B points

along the +z axis. Assume ¢, /, and B are known. >y ~

U:_ﬁ°§ x I ﬁna'lll

initial

What is the potential energy of the final state?

1
A)U =1a’B B)U = ﬁlazB C) U==Ia’B
210000 - 2

0.7500 -
0.5000
0.2500 -
U 0.0000
-0.2500 -
-0.5000
-0.7500 1
-1.0000

135 180

* angle (°)
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