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Last Time: The Lorentz Force and the RHR

F=qvxB
1. Point Fingers in direction of v

2. Curl all fingers in direction of B
3. Thumb points in direction of F

And a few challenging Clickers:

Only B, since it does
not change the speed

A XXXXX;B(XX F,=F,; both are
P A S aIrerrendicular to B

Work done by magnetic field is = 0;
F is always perpendicular to dx
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Magnetic Force on a Current

 Whatis the total force dF on a length dl of
current-carrying wire in B field?

* Current described by:
— n charges q per volume
— Each has velocity=v

— Wire cross-section=A.

—>

Force on a single charge = qv X B

Force on charges moving

in line segment dl = dF = gV X B) = q(nA)(dL)(v x E))

_ dg : = T,
Recall Current = I=E=qn/1v p dF = 1dl x B

For a straight wire of length L carrying a — g
current |, the force on it is therefore : = ]L X B




*Reminder from Prelecture

What units result when a velocity v is multiplied by an area A? Volume per
second

A simple and useful way to picture this is to think of water flowing in a
garden hose. If the speed of the water is known (v =10 m/s = 1,000 cm/s
for example)and the cross-sectional area of the hose is also known (A =10
cm? for example), then the volume of water that travels past any point of the
hoseis every second is v*A = 10,000 cm?/s = 10 liters/s. In other words, if
we know the velocity of the water and the area of the hose we can easily
figure out the volume of water transported by the hose per unit time. If we
multiply this by the density of water (i.e., 10 liters/s * 1 kg/liter = 10 kg/s)
then we immediately discover how much mass is moving past a pointin the
hose the hose per unittime.

This has an exactanalogy with current in a wire. Think of the wire as the
hose and the current flowing in the wire as the water. The average velocity
of the charges v, ,times the area of the wire A tells us the volume of the
charge carriers that moves through the wire per unittime. If we multiply this
by the numberdensity of the charge carriers n we find the numberof charge
carriers per unit time flowing in the wire, and if we multiply this by the
charge carried by each one g we find the charge per unit time flowing in the
wire.

In other words, the currentin the wire / is equalto the productqgnAv,,,,.




Work and Magnetic Fields

 Magnetic fields do no work on free charges

* Magnetic fields can do work on current
carrying wires!




Shout-out Clicker

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

—

F=ILxB

Yy¥ Y Y YYYYYYYY

"
What is the force on section a-b of the loop?
ALz ]
B O_out of the page
-, omto the page
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Shout-out Clicker

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

—

F=ILxB

yYYyvyYVvYyYyy

a L

Yyvyvyy

What is the force on section b-c of the loop?
A ozero

B o©out of the page
c [|omto the page
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Shout-out Clicker

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

—

F=ILxB

Y Y Y Yy YYYYYYY

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

B) | Out of the page

C) Tntothe page
smartPhysics




Shout out ... CheckPoint 2

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

>
d c >

’.

>

>

|

(S

{. 09, >
>

>

>

a > b >

What is the direction of the net force on the loop?
A O out of the page

mnto the page
O the net force on the loop 1s zero
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(real) Clicker y !

A currentI flows in a wire which is formed in the shape of
an isosceles triangle as shown. A constant magnetic field
exists in the -z direction.

What is F, net force on the wire in the y-direction?

X X X X X X X X
X X X X X X X X

(@) F, <0 (c) F,>0

—_
X
o’

* The forces on each segment are determined by: 3

* From symmetry, F, =0
 For the y-component:

F, =F, =ILBsing
F;, =-2ILBsm{

Fy=F1y+F2y+F3y=O

* Therefore:




A square _Ioop;of‘ wire is cAarrying current in the counterclockwise
~direction. A horizontal uniform magnetic field points to the right

Y 4
|
= >
|
d - >
| -
: >
I >
|
P g >
_______ (‘.)""":"——-—(‘x')————’———->x
|
1 >
t >
| b >
———— —————————
a | >
In WhiCh direCtion Wi” the IOOp rOtatE? Current Loop in a Magnetic Field: Question 3 (N
(assume the z axis is out of the page) o =9'89) -
40 500/0

w
=

~
o

% of Students

-
o

o

D) It will not rotate
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Torque on a loop

« Coil has widthw (the side you see) and
length L (into the screen).

 Torqueis given by:

F=ILB p |[t=IABsin6

where A = wL = area of loop

F

maximum t occurs when the plane of the loop is parallel to B,
which is when 6 =90




Some pictures
i

F A
(>

]

. | g

,




CheckPoint 6

A square loop of wire is carrying current in the counterclockwise
~direction. A horizontal uniform magnetic field points to the right

>
d C >
1 »
. >
I
| >
N\ . ~ ﬁ > - —_ —_
Y P T=RxF
T 1 R T T =
[ >
i >
1
>
— b
a I >
51 What s the direction of the net torque on the loop? Current Loep i HagnedcFed: uestion s (
-O up )
O down o B 42%
O out of the page e |
O mto the page g 201
O the net torque is zero -
—

o
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Magnetic Dipole Moment

Define magnetic dipole moment of a current loop as:

magnitude: [ u=AI]

direction: 1 to plane of the loop
in the direction the thumb of right

hand points if fingers curl in ]YB\ A
~F

direction of current.

Fi
« Torque onloop is then: A \0

t = AIB sin0 b f:ﬁxf} /u

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

Remember this: The torque always wants to line u up with B!




Do we know the directions?




Clicker YA

A circular loop of radius R carries currentl. A
constant magnetic field B exists in the +x
direction. Initially the loop is in the x-y plane.

— How will the coil rotate?

w _ By
b)

(c) It will not rotate

« The coil will rotate if the torque on it is non-zero: T = [i x B

 The magnetic moment u is in +z direction.
* Therefore the torque t is in the +y direction.
* Therefore the loop will rotate as shown in (b).




Potential Energy of Dipole

 Work required to change the
orientation of a magnetic dipolein

the presence of a magnetic field. 3|B
\ F T
Fl /

fo N

« Define potential energy U (with zero at 7
position of max torque) corresponding u
to this work.

R -




CheckPoint 8

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 ?

Yy YyYyYvYYY YVYY
o

T =ixB

Biggest when ﬁJ_E

Magnetic Moment in a Magnetic Field: Question
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Magnetic Field can do Work on Current

r

W frd&’
y X B ubB si(6)

“—=*“signin mtegratlon because direction of rotation is decreases 0

W = f@ﬂBsm(é’)dﬁ uB cos(0) =

AU =-W

Defined U = 0 at position of
maximum torque U

U=-ji-B

—»

- a1 o (6] - (6]
1 1 1 )
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CheckPoint 10

U

U = —uBcosb

U = +ubBcosf

Yy vYyvYvYYYY

Which orentation has the most potential energy?

=_ﬁ.é

Magnetic Moment in a Magnetic Field: Question

3(N=188

)

585




CheckPoint 12
|

n order to rotate a horizontal magnetic dipole to the three postions

shown,which one requires the most work done by the magnetic field?
L

b - ’
a C
N
>
>
>
P
BY BY
You ‘ FIELD S
BY WHOM ? T
OCa &b Oc »
W, wu=-AU=U,-U,
U=—ii-B

C): mmmlpy Wby_ﬁezd =—uB - (-uBcosb,) = -uB(1-cosb,)
B): _>Vbe_ﬁezd = _MB -0 = _ILLB
p): W, g =—UB—(—uBcost,)=-uB(l+cosg,)
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(similar) Potential Energy of Dipole

(this is an important slide)

0=0

U=-uB U= uB

(minimum) (maximum)




