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1.Moving electrically charged particles Nail o

ex: current in a wire makes an electromagnet. :
The current produces a magnetic field that is utilizable
2.Spinning motion of the electrons. REtary £
These particles have an intrinsic magnetic field around
them,

* The magnetic fields of the electrons in certain materials add together to give
a net magnetic field around the material. HHH aligned in same direction
*Such addition is the reason why a permanent magnet, has a permanent
magnetic field.
* In other materials, the magnetic fields of the electrons cancel out, giving no
net magnetic field surrounding the material. TT (I aligned in opposite directions
* Large objects, such as the earth, other planets, and stars, also produce
magnetic fields.
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28-2 What Produces a Magnetic Field? i

Magnetic Field Direction Electric fields are created:

B E *microscopically, by electric charges

(fields) of elementary particles
_\\\ // (electrons, protons)
*macroscopically, by adding the

‘ + .,: field of many elementary charges of

the same sign

Magnetic fields are created :
*microscopically, by magnetic

\\ ‘moments” of elementary particles

(electrons, protons, neutrons)

//’/

~ *macroscopically,
FROM North Poles  Compare to Electric . p, 54ding many microscopic
TO South Poles Field Directions magnetic moments (magnetic
materials),

* by electric charges that move
(electric currents).

http://www.phys.lsu.edu/~jdowling/PHY S21132-SP15/lectures/index.html
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28-3 The Definition of Magnetic Field B d:

Magnetic Field B A magnetic field B is defined in terms of the
force Fy acting on a test particle with charge ¢ moving through the

3=

5.
RHR @ &% [

Some Approximate Magnetic Fields

field with velocity v

—= . —

FE — q vV X B? At surface of neutron star 10T
ear big electromagnet 15T
ear small bar magnet 102T

i At Earth’s surface 1074T
Fﬂ' — 1@'1"3 511 q!.,)._. n interstellar space 1070T

Smallest value in
magnetically

g
i ; shielded room 1071471

¢ is the angle between the directions of velocity v and magnetic field B.

The ST unit for B is the tesla (T):1 T = 1 N/(A -m) = 10* gauss.

November 21, 2021 PHY 102 Physics II © Dr.Cem Ozdogan 5
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. . . 9 .
How to Find the Magnetic Force on a Particle® Fg=| f}| vB sin .

1. The magnitude of the force acting on a particle in
a magnetic field is proportional to the charge g and
speed v of the particle.

~* \3"&2
E@ Cl y - dureckion

 ifthe charge is zero = the force is equal to zero ,1; ra,verﬂ!,

 if the particle is stationary = the force is equal to zero
« Ifv and B are parallel or antiparallel = the force is zero
« Ifv’andB are perpendicular to each other = the force is at its Max.

2. The Direction of the force 2 use RIGHT HAND RULE

) VB
- v! . ‘L\\_. %
r - :.l\ E - B

If g1is

PHY 102 Physics II © Dr.Cem Ozdogan

positive

Ifgis

negative

I’ The force Fy acting on a charged particle moving with velocity v through {3 f.s s not charyg

a magnetic field Bis always perpendicular to v" and B.
November 21, 2021
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28-3 The Definition of Magnetic Field B 7 [
Magnetic vs. Electric Forces

Electric Force on E

Charge‘Parallel |t0 E: ' - -

IE‘E :q E v=0 or v£0 FE
FB

B

-

>V

v£0 new path is circular!

http://www.phys.lsu.edu/~jdowling/PHY S21132-SP15/lectures/index.html
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Magnetic Field Lines (Similar to electric field lines) .

1.the direction of the tangent to a magnetic field line at any pomt —'i'--'
gives the direction of B at that point

2.the spacing of the lines represents the magnitude of B
(stronger where the lines are closer together, and conversely). .

W Opposite magnetic poles attract each other, and like magnetic poles repel each other.

November 21, 2021

The field lines run from
the north pole to the

south pole.

()

Filg. 28-5 (a) A horseshoe magnet and (b) a C-shaped magnet. (Only some of the

external field lines are shown.)

The end of a magnet from which the field lines
emerge is called the north pole of the magnet; the
other end, where field lines enter the magnet, is
called the south pole.

Because a magnet has two poles, it is said to be a
magnetic dipole

The external magnetic effects of a bar magnet are
strongest near its ends, where the field lines are
most closely spaced.

Thus, the magnetic field of the bar magnet collects
the iron filings mainly near the two ends of the
magnet.

PHY 102 Physics II © Dr.Cem Ozdogan



28-3 The Definition of Magnetic Field B d:

Sample Problem

Magnetic force on a moving charged particle

A uniform magnetic field J_i"., with magnitude 1.2 mT, is

directed vertically upward throughout the volume of a labo-

ratory chamber. A proton with kinetic energy 5.3 MeV en-

ters the chamber, moving horizontally from south to north. ? N —E:
What magnetic deflecting force acts on the proton as it en- E:kﬁl Y x
ters the chamber? The proton mass is 1.67 % 10+ ke. Aﬁ@ij?
(Neglect Earth’s magnetic field.) & ©

Wr:}(r' we._ }'\_p've, ‘ ﬁ\[ur‘ﬂu W’.Dﬂ

X o
= Path of proton i \3 fF_
L ] & L 3 =3 ,]g
’ R f% by )

T Iy
- - - . Fﬂ . ; ‘E{;§’G gcloa;rﬁaﬂfw
L] L1 L] el fB ’ CW
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28-3 The Definition of Magnetic Field B

A uniform magnetic field E., with magnitude 1.2 mT, is
directed vertically upward throughout the volume of a labo-
ratory chamber. A proton with kinetic energy 5.3 MeV en-
ters the chamber, moving horizontally from south to north.
What magnetic deflecting force acts on the proton as it en-
ters the chamber? The proton mass is 1.67 X 107 kg.
(Neglect Earth’s magnetic field.)

KEY IDEAS

Because the proton is charged and moving through a mag-
netic field, a magnetic force F, » can act on it. Because the ini-
tial direction of the proton’s velocity is not along a magnetic
field line. F, g 15 not simply zero.

Magnitude: To find the magnitude of F . we can use Eq.28-3
(Fy = IglvB sin ¢) provided we first find the proton’s speed v.
We can find v from the given kinetic energy because
K = Imv’. Solving for v, we obtain

L \/ K \/{2}(5.3 MeV)(1.60 X 10~ I/McV)
m 1.67 X 10" kg

=32 x 10" m/s.
Equation 28-3 then yields
Fp = IglvB sin ¢
= (1.60 X 10~ C)(3.2 % 10" m/s)
» (1.2 x 10~ T)(sin 90°)
=&l X 1IN (Answer)

This may seem like a small force, but it acts on a particle of
small mass, producing a large acceleration; namely.

November 21, 2021

Fs __61X10°5N
-2 = 3.7 X 102 m/s%.
“TTm T 167 x 107 kg ;

Direction: To find the direction of F, we use the fact that Fy
hasthedjrecuunofihecmﬁspmductqﬁ'xﬂ Because the
charge quspnsmw:,,FHmust have the same direction as Vv x B
which can be determined with the right-hand rule for cross
products (as in Fig. 28-2d). We know that V" is directed horizon-
tally from south to north and B is directed vertically up. The
right-hand rule shows us that the deflecting force FE must be
directed horizontally from west to east. as Fig. 28-6 shows. (The
array of dots in the figsure represents a magnetic field directed
out of the plane of the figure. An array of Xs would have repre-
sented a magnetic field directed into that plane.)

If the charge of the particle were negative, the magnetic
deflecting force would be directed in the opposite direction—
that is, horizontally from east to west. This is predicted auto-
matically by Eq.28-2 if we substitute a negative value for 4.

Fig. 28-6 An overhead view of a proton moving from south to
north with velocity v in a chamber. A magnetic field is directed
vertically upward in the chamber, as represented by the array of
dots (which resemble the tips of arrows). The proton is deflected
toward the east.

PHY 102 Physics II © Dr.Cem Ozdogan
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* Both a E and a B can produce a force on a charged particle.
* When the two fields are perpendicular to each other, they are said to be

BL1E

crossed fields.

* What happens to charged particles as they move through crossed fields?

A modern version of apparatus for measuring the ratio of
mass to charge for the electron. >

§ +

B
J_ L Filament I .
[ rxjr’1 -
T - .-'ll‘-: o |
L Screen O
il
|
v e
To vacuum pump
When the two

fields in Fig. are
adjusted so that
the two deflecting
forces cancel

'

November 21, 2021

glE =

¥V = B .

b Screen 5
Glass
envelope

e

qlvB sin(90°) =

\glvB

J—

—

PHY 102 Physics II © Dr.Cem Ozdogan

* Thus, the crossed
fields allow us to
measure the speed of
the charged particles
passing through them.

. Dgﬂe@tion of the

_particle at the far end

~ of the plates is

glEL?

2mvt

11
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28-4 Crossed Fields: Discovery of the Electron 7 et
Video: Crossed Fields

File Edit View Objects Comments Forms Document Tools Help
= BBNreEz2@on/s0omue@e-s/-00EAM L0 M X
*Ch28_lecture-}tagnetic_Fields_annotated.pdf %

o (B |@[p e [o[0

Page 12/49 | Width: 720pt Height: 540pt Objects: 0
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* When a conducting strip carrying a current /i is placed in a uniform magnetic
field, some charge carriers (with charge e) build up on one side of the
conductor, creating a potential difference V across the strip.

The polarities of the sides indicate the sign of the charge carriers.

[

—a—

(a)

Fig. 28-8 A strip of copper carrying a current i is

l;—

(&)

[

(c)

High

immersed in a magnetic field . (a) The situation

immediately after the magnetic field is turned on.
The curved path that will then be taken by an

* A Hall potential difference V is associated
with the electric field across strip width d,
and the magnitude of that potential
difference is V =Ed.

* When the electric and magnetic forces are
in balance (Fig. 28-8b),

— Wwhere v, is the drift speed. /i

i _—

ne  neA
Where J is the current density, A the cross-

sectional area, e the electronic charge, and n
the number of charges per unit volume.

The number density Bi
. n= ]
of the charge carriers Vie

Here, I=( A/d), the thickness of the strip.

Fig. 28-8 (c) For the same current direction, if the charge
carriers were positively charged, they would pile up on the

electron is shown. (b) The situation at equilibrium. right side, and the right side would be at the higher potential.

November 21, 2021
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Hall Voltage For Positive Charge Carriers

- . Magnetic
m = magnetic fiald
=+— force on B
positive charge
carriers,
A =td iz = electric force
from charge
Uy buildup.
Y

d —| This diagram shows the polarity
| that would result from positive
charge carriers, as in some

Direction of conventicnal :
samiconductors,

glectric current

At equilibrium:

F

mag

IB

—

elec

ve

—C— Vj,; =% then carriers +

nA A Vi, =- then carriers —

http:/www.phys.lsu.edu/~jdowling/PHY S21132-SP15/lectures/index.html
November 21, 2021

The current expressed
in terms of the drift
velocity 1s:

| =neAv,

Fmagl —ev,B
v
_eB IB
" neA nA
Felec =eE _ez —ev_f
d A

IB

V, =——
Hall nef
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28-5 Crossed Fields: The Hall Effect
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Example, Potential Difference Setup Across a Moving Conductor:

This is the resulting
electric field.
¥y

I
i
B

X

(e)

Reasoning: When the cube first begins to move through
the magnetic field, its electrons do also. Because each elec-
tron has charge g and is moving through a magnetic field
with velocity V', the magnetic force F, acting on the elec-
tron is given by Eq. 28-2. Because ¢ is negative. the direc-
tion of Fjy is opposite the cross product V' x B . which is in
the positive direction of the x axis (Fig. 28-95). Thus, F};

acts in the negative direction of the x axis, toward the left
face of the cube (Fig.28-9c¢).

November 21, 2021

The weak electric
field creates a weak
electric force.

¥

This is the cross-
product result.

2

=l
X
=

(b)

Electrons are forced
This is the magnetic to the left face, leaving
force on an electron. the right face positive.
i 2

D_,.
x B

=|

+
— +
+

gﬂt

(c) (d)

Figure 28-9a shows a solid metal cube, of edge length

d = 1.5 cm, moving in the positive y direction at a constant
velocity v of magnitude 4.0 m/s. The cube moves through a
uniform magnetic field B of magnitude 0.050 T in the posi-

tive z direction.

(a) Which cube face is at a lower electric potential and

tzmﬁ‘

Fy Fg

X

()

which is at a higher electric potential because of the motion
through the field?

Most of the electrons are fixed in place in the atoms
of the cube. However, because the cube is a metal, it con-
tains conduction electrons that are free to move. Some of
those conduction electrons are deflected by F; to the left
cube face, making that face negatively charged and
leaving the right face positively charged (Fig. 28-9d). This
charge separation produces an electric field E directed
from the positively charged right face to the negatively
charged left face (Fig. 28-9¢). Thus, the left face is at
a lower electric potential, and the right face is at a higher
electric potential.

PHY 102 Physics II © Dr.Cem Ozdogan
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28-5 Crossed Fields: The Hall Effect 7
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Example, Potentlal Difference Setup Across a Moving Conductor, cont.:

The weak electric
field creates a weak
electric force.

d ¥
_ x I
Vd | ==
d E
() — e
z’A ¢ Fg Fy L
(f)

(b) What is the potential difference between the faces of
higher and lower electric potential?

1. The electric field E created by the charge separation

November 21, 2021

produces an electric force Fp = gE on each electron
(Fig. 28-9f). Because ¢ is negative, this force is directed oppo-
site the field E —that s, rightward. Thus on each electron, F
acts toward the right and FB acts toward the left.

. When the cube had just begun to move through the

magnetic field and the charge separation had just
begun, the magnitude of E began to increase from zero.
Thus, the magnitude of F also began to increase from
zero and was initially sm‘lller than the magnitude Fp.
During this early stage, the net force on any electron was
dominated by Fp, which continuously moved additional
electrons to the left cube face, increasing the charge sepa-
ration (Fig. 28-9g).

However, as the charge separation increased, eventu-
ally magnitude Fj became equal to magnitude Fj (Fig.
28-9h).The net force on any electron was then zero, and

The forces now
balance. No more
electrons move to
the left face.

b

More migration
creates a greater
electric field.

y

[ —

|— o =

= - - -
(2) (k)

no additional electrons were moved to the left cube
face. Thus, the magnitude of F could not increase fur-

ther, and the electrons were then in equilibrium.
Calculations: We seek the potential difference V between

the left and right cube faces after equilibrium was reached
(which occurred quickly). We can obtain V with Eq. 28-9
(V= Ed) provided we first find the magnitude E of the
electric field at equilibrium. We can do so with the equation
for the balance of forces (Fg = Fp).

For Fg, we substitute IglE, and then for Fp, we substitute
lglvB sin ¢ from Eq. 28-3. From Fig. 28-9a4, we see that the
angle ¢ between velocity vector v' and magnetic field vector
B 1s 90°; thus sin ¢ = 1 and F = Fpyields

lglE = IqlvB sin 90° = IglvB.
This gives us E = vB;so V = Ed becomes
V =vBd. (28-13)

Substituting known values gives us

= (4.0 m/s)(0.050 T)(0.015 m)

= (0.0030 V = 3.0 mV. (Answer)

PHY 102 Physics II © Dr.Cem Ozdogan
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28-6 A Circulating Charged Particle
* A charged particle with mass m and charge

magnitude |q| moving with velocity perpendicular to
a uniform magnetic field will travel in a circle.

* The magnetic force continuously deflects the
particle, and since B and v are always
perpendicular to each other, this deflection causes
the particle to follow a circular path.

* Applying Newton’s 2nd law to the circular motion

yields my? FE': 1‘1;
vB==" oz v
! ¥ T 2af

from which we find the radius r of the circle to be
ny

:m

* The frequency of revolution f, the angular
frequency, and the period of the motion T

r

Fig. 28-10 Electrons circulating in a chamber containing gas

are given by at low pressure (their path is the glowing circle). A uniform
magnetic field, B, pointing directly out of the plane of the
w 1 |q| B page, fills the chamber. Note the radially directed magnetic
f = 2_ = ? = 2— force F,; ; for circular motion to occur, F, must point toward
m i the center of the circle, (Courtesy John Le P. Webb, Sussex

University, England)

November 21, 2021 PHY 102 Physics II © Dr.Cem Ozdogan 17



28-6 A Circulating Charged Particle

Example, Uniform Circular Motion

of a Charged Particle in a Magnetic Field:

Figure 28-12 shows the essentials of a mass spectrometer,
which can be used to measure the mass of an ion; an ion of
mass m (to be measured) and charge ¢ is produced in
source S. The initially stationary ion is accelerated by the
electric field due to a potential difference V. The ion leaves
$ and enters a separator chamber in which a uniform mag-
netic field B is perpendicular to the path of the ion. A wide
detector lines the bottom wall of the chamber, and the B
causes the ion to move in a semicircle and thus strike the
detector. Suppose that B = 80.000 mT, V' = 1000.0 V, and
ions of charge g = +1.6022 X 107" C strike the detector
at a point that lies at x = 1.6254 m. What is the mass m of
the individual ions, in atomic mass units (Eq. 1-7: 1u =

1.6605 X 10727 keg)?
Finding speed: When the ion emerges from the source, its

kinetic energy is approximately zero. At the end of the
acceleration, its kinetic energy is %mvz. Also, during the ac-
celeration, the positive ion moves through a change in
potential of —V.Thus, because the ion has positive charge q.
its potential energy changes by —qgV. If we now write the
conservation of mechanical energy as

AK + AU =0,
we get
Imv2—qV =0
or = E (28-22)
m
November 21, 2021
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Fig. 28-12 Essentials of a mass spectrometer. A positive
ion, after being accelerated from its source S by a potential dif-
ference V, enters a chamber of uniform magnetic field B.
There it travels through a semicircle of radius r and strikes a
detector at a distance x from where it entered the chamber.

Finding mass: Substituting this value for v into Eq. 28-16

gives us
_omv. _om 2mV
"T 4B " 4B
2 [2mV
Thus, x=2r=— i
B q
Solving this for m and substituting the given data yield
B?qx?
1%
_(0.080000 T)*(1.6022 X 107! C)(1.6254 m)?
B 8(1000.0 V)
= 3.3863 X 107> kg = 203.93 u. (Answer)

18
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A force acts on
a current through
a B field.

A straight wire carrying a current j in a uniform
magnetic field experiences a sideways force

The force acting on a current element in a
magnetic field is

5 —
dF, = idL x B. f—**%}ﬁ

The direction of the length vector L or dL is that of the current i
_,_,-2?

Py
a : ~ 5
Copyfighi@2014JohnWiIey&S(nfz,Inc‘AIIrightsreservefi.) B - 61 \} x
A flexible wire passes between the pole — u-io A :%{E:%
faces of a magnet (only the farther pole A 6
face is shown). (a) Without current in the — AN L %-
wire, the wire is straight. (b) With upward oA ,({( 3 \9‘?%—.%
current, the wire 1s deflected rightward. #d_:__,___ﬂ
_’__’__’_/

(c) With downward current, the deflection
is leftward.

November 21, 2021 PHY 102 Physics II © Dr.Cem Ozdogan
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Consider a length L of the wire in the
figure.

Fig. 28-15 A close-up view of a section
ol the wire of Fig. 28-14H. The current direc
tion is upward, which means that electrons
drift downward. A magnetic field that
emerges from the plane of the page causes
the electrons and the wire to be deflected
to the right.

All the conduction electrons in this section of wire will
drift past plane xx in a time t =L/v,,

Thus, in that time a charge will pass through that plane
that is given by I

q=1it=i—
Vd

; il _ 5 e i
Fg = qv,Bsin ¢ = — v,;Bsin 90° Fp=i(LB.
Va

—_

Fp=iL X B (force on a current).

Here L is a length vector that has magnitude L and is
directed along the wire segment in the direction of the
(conventional) current.

If a wire is not straight or the field is not uniform, we can
imagine the wire broken up into small straight segments.

— The force on the wire as a whole is then the vector
sum of all the forces on the segments that make it
up.

— In the differential limit, we can write dFy =idL x B,
and we can find the resultant force on any given
arrangement of currents by integrating Eq. 28-28
over that arrangement.

November 21, 2021 PHY 102 Physics II © Dr.Cem Ozdogan 20



28-8 Magnetic Force on a Current-Carrying Wire
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Sample Problem

Magnetic force on a wire carrying current

A straight, horizontal length of copper wire has a current
i = 28 A through it. What are the magnitude and direction
of the minimum magnetic field B needed to suspend the
wire —that is, to balance the gravitational force on it? The
linear density (mass per unit length) of the wire is 46.6 g/m.

KEY IDEAS

(1) Because the wire carries a current, a magnetic force ,ﬁg
can act on the wire if we place it in a magnetic field B. To
balance the downward gravitational force Fr on the wire, we

want F to be directed upward (Fig. 28-17). {2] The direction
of Fj is related to the directions of B and the wire’s length

vector L by Eq.28-26 (F, = iL x B).

Calculations: Because L is directed horizontally (and the
current is taken to be positive), Eq. 28-26 and the right-hand
rule for cross products tell us that B must be horizontal and
rightward (in Fig. 28-17) to give the required upward 5

The magnitude of Fy is F§= iLB sin ¢ (Eq. 28-27).

Because we want E; to balance F,, we want
iL.B sin ¢¢ = mg, (28-29)

where mg 1s the magnitude of I_;; and m 1s the mass of the wire.

November 21, 2021

m/]

PHY 102 Physics II © Dr.Cem Ozdogan

F —F o —2
B g _

Fig. 28-17 A wire (shown in cross section) carrying current out
of the page.

We also want the minimal field magnitude B for FH to balance
F Thus, we need to maximize sin d.r in Eq. 28-29.To do so, we
set ¢ = 907, thereby arranging for B to be perpendicular to
the wire. We then have sin ¢ = 1, s0 Eq. 28-29 yields

mg _ (miL)g
il. sin ¢ i
We write the result this way because we know m/L, the linear
density of the wire. Substituting known data then gives us

(46.6 % 1077 kg/m)(9.8 m/s?)
28 A
= 1.6 x 102T. (Answer)
This 1s about 160 times the strength of Earth’s magnetic field.

B= (28-30)

R
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28-9 Torque on a Current Loop i

The elements of an electric motor

1ZM0R

The elements of an electric motor:

* A rectangular loop of wire, carrying a current and free
to rotate about a fixed axis, is placed in a magnetic
field.

*Magnetic forces on the wire produce a torque that
rotates it.

— The two magnetic forces F and —F produce a
torque on the loop, tending to rotate it about its
central axis.

*A commutator (not shown) reverses the direction of
the current every half-revolution so that the torque
always acts in the same direction (FYI).

* Magnitude of the total torque on the coil (of area A and N turns):

7= N7 = NiabB sin # = (NiA)B sin 8,

Nz L
"

oL /

Lo

November 21, 2021

F_=ibBsing , ¢=90

t=rF _=aibBsin0 [=(1A)B=uB

l:magnetic moment

PHY 102 Physics II © Dr.Cem Ozdogan 22
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* Arectangular loop, of length a and width b and carrying a current j, is located in a uniform
magnetic field. A torque acts to align the normal vector with the direction of the field.

 For side 2 the magnitude of the force acting on this side 1s F,=ibB sin(90°-6)=ibB cos@ =F,.

= F, and F, cancel out exactly.
« Forces F, and F, have the common magnitude iaB. As Fig. 28-19¢ shows, these two forces do
not share the same line of action; so they produce a net torque.

b " b
T = (z’uB Tsin 0) + ( iuBT Sin ()) =| jabB sin 6,

2 FYI

-
SRt Gn ae el el S el e e

Side 1 T e B

SR

Side 2

FZ«:}— X X >=:<}L>: X x—bﬁzxfﬂ
Side 4

’ ~ - IR . /\ Side 3 -
- | Rotation~ /l e F
K IS VEESE REEES A per.spectlve of the loop 7
d showing how the right-hand rule

The lpop as seen by looking in gives the direction of , which is A side.view of the loop,
the direction of the magnetic perpendicular to the plane of the from side 2 The loop
field loop rotates as indicated.

November 21, 2021 PHY 102 Physics II © Dr.Cem Ozdogan 23



1ZMIR
- K ATIP CELEBI
M UNIVERSITESI

* The coil behaves like a bar magnet placed in the magnetic field. Otﬂul\
* Thus, like a bar magnet, a current-carrying coil is said to be a magnetic dipole. _a’t i

* Assign a magnetic dipole moment S ‘J'F‘L
MAGNETIC DIPOLE MOMENT
The magnetic moment vector * The direction: grasp the coil with the fingers of your right
attempts to align with the hand in the direction of current i; the outstretched thumb
magnetic field. of that hand gives the direction (RHR).
* The magnitude of is given by
AB
N: number of turns in the coill
. : i: current through the coil
M= NiA (magnetic moment). A: area enclosed by each
turn of the coil
Highest Lowest ) o
energy energy * Then the torque on the coil due to a magnetic field can

be written as:

Fig. 28-20 The orientations of highest —n

and lowest energy of a magnetic dipole ? X f; C - P
- % B ’;* 6,

— -
(here § coil car[}-'ing current) in an external T — K s 79 u,_
-

magnetic field B. The direction of the cur-
rent i gives the direction of the magnetic * A magnetic dipole in an external magnetic field has an
dipole moment g via the right-hand rule energy that depends on the dipole’s orientation in the
shown for 7 in Fig. 28-19b. field.

u(o)
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28-10 The Magnetic Dipole Moment: s

* The orientation energy of a magnetic dipole in a magnetic field is:

U®) = —5-B.

- If an external agent rotates a magnetic dipole from an initial orientation U, to some other
orientation U, and the dipole is stationary both initially and finally, the work W, done on the

dipole by the agent is
Wﬂ = ﬁU= U_I'_ Ur'.

n = NiA (magnetic moment), Table 28-2

Some Magnetic Dipole Moments

U() = - - B.
Small bar magnet ST
Earth 8.0 X 102 J/T
From the above equations, one can Proton 1.4 % 10-26 /T
see that the unit of u can be the Electron 93 % 10-24 J/T
joule per tesla (J/T), or the ampere-
square meter. u A4 ~ m \Fe,
T o mapetofe
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Electric VS. Magnetic Dipoles.

Side 1 T . -

=(Nid)n | . =]
|

X F44—
Side 4

p=Q

X % X

VYVYVYY VV v

(¢)

/~idowling/PHYS21132-SP15/lectures/index.html
26
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28-10 The Magnetic Dipole Moment:
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Sample Problem

Rotating a magnetic dipole in a magnetic field

Figure 28-21 shows a circular coil with 250 turns, an area A
0f 2.52 x 10~* m? and a current of 100 wA. The coil is at rest
in a uniform magnetic field of magnitude B = 0.85 T, with its
magnetic dipole moment g initially aligned with B.

(a) In Fig. 28-21, what is the direction of the current in the coil?

Right-hand rule: Imagine cupping the coil with your right
hand so that your right thumb is outstretched in the direc-
tion of g . The direction in which your fingers curl around
the coil is the direction of the current in the coil. Thus, in the
wires on the near side of the coil —those we see in Fig. 28-21—
the current is from top to bottom.

(b) How much work would the torque applied by an exter-
nal agent have to do on the coil to rotate it 90° from its ini-
Fig. 28-21 A side view of a circular coil | i
carrying a current and oriented so thatits 1

magnetic dipole moment is aligned with }E

magnetic field B.
44 z 2,
ﬂ—g,{{f%’ b é S —_— E
N TN ~ ,Lm/{w‘%_

November 21, 2021

tial orientation, so that i is perpendicular to B and the coil
is again at rest?

KEY IDEA

The work W, done by the applied torque would be equal to
the change in the coil’s orientation energy due to its change
in orientation.

Calculations: From Eq.28-39 (W, = U, — U)), we find
W, = U(90") — U(0%)
= —uBcos9° — (—uBcos0’) =0+ uB
= uB.
Substituting for p from Eq.28-35 (u = NiA), we find that
W, = (NiA)B
= (250)(100 x 107® A)(2.52 % 10~* m?)(0.85T)

= 5355 % 10°%J :
v
A
—_—

(+) should be given
into the system to

have a rotation

(Answer)

>
6
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28 Solved Problems

1. A proton moves through a uniform|magnetic field given by B=(10i-20j+30Kk)mT.
At time t, the proton has a velocity given by v=v,itv j+(2.0 km/s)k and the
magnetic force on the proton 1s F;=(4.0x10-"7 N)i+(2.0x10-'7 N)j. At that instant,

what are (a) v, and (b) v,?  no B(r) or B(t) dependence

1(’6) I"a"&mv 19 f ‘:I '\4. /
(‘!ﬂ L-Q_UJ+3U‘TL)NT um.ﬁrm.. 1-6%/0 C Un By 1,:&0:”
P e oy, e

CU{.‘E; P,l}-L-}L?':]'-{-Exﬂm;Q OmT

-7
= 4xI0 WD+ 2X0 NG msadx m;:ruxzﬂb)

“Jl3
0 'Y J +£?,0;#0){2ﬁ!0 )] J’(

FFQ&#E i % (2—,-1?.:20301_ jOXIO )= z,,.:n:j N‘A. +2.2t£-0 N'_J‘
=/

40=250 o),
~y BOREO" Uqg'+f_;zﬁm3m /s f Ve -3- S a8 /s
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2. In Figure, an electron accelerated from rest through &

——

potential difference V, = 1.00 kV enters the gap L h

between two parallel plates having separation d = 20.0

mm and potential difference 7, = 100 V. The lower
plate is at the lower potential. f\Ieglect fringing and assume that the electron’s

velocity vector 1s perpendicular to the electric field vector between the plates. In
unit-vector notation, what uniform magnetic field allows the electron to travel in a
straight line in the gap? B — for keepil}g horizontal motion — NO DEFLECTION

¥

| B

L - -
-

#(9) V=1V 2d=2005 m , V100V, = 1100, by,
Mg pobebld g b he = I
vy ¥ (R Yo o /u.s.-..—/;;«ﬂ—’
Sk J:-L—‘V‘r fhgn o a2}
ot e B % 22V @:—&Vﬁ-

g G potantond A [ 9uxi0

i b 5
Wudi~8 N Gl - T e it T W
=(1$xcl) Iy S e_\ha - 2.6Px07" 4
‘ .L) re P = ST
ﬂ”:*&}‘(_*:z__ n‘?& A | B= 2.63x/0 ?—(...k) ¢ z
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In Figure, a conducting rectangular solid of dimensions

d,=5.00 m, d =3.00 m, and d,=2.00 m moves at constant _
velocity v=(20.0 m/s)i through a uniform magnetic field L
B=(30.0 mT)j. What are the resulting (a) electric field within
the solid, in unit-vector notation, and (b) potential difference

across the solid? s _r (f_> 3.
r— 'PL.[? 3
jf:} e N # .& 2

Cﬂﬂe&loérg solid

gy > ) kon .
;L:':'E';n'l. uﬂ_zam/s d;?ld -|-++_1:'i-1\!: {? H;E',q B
jg.gm B 30x10 TJ ‘1’ ¥ E E=-\¢2
=l
. ~[€)- ¢/B] - (‘wﬂ?/) (3040°7) = 06 Yy~ Ex (0.6 )y )(-L)
) Vet o V(0.6 V) omatizV_

November 21, 2021
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4. 1In Figure, a particle moves along a circle in a region of uniform ,-’/_ "‘\I
magnetic field of magnitude B=4.00 mT. The particle is either
a proton or an electron (you must decide which). It experiences .I
a magnetic force of magnitude 3.20x10-1> N. What are (a) the — ﬁ\_/

part1cle S speed (b) the radius of the circle, and (c) the period ol

Bréxlo"?'r 1) F—q Y8 => 3,200 y /,5,(/6"15101 g ot
1, Fﬁ,zzno W )N!»;LM
rw T 6 1\E -3
‘:f\-’)(@ Ixto %)ég)(lam/;) 027210
3.2x10 N’
uo) TL@_&: 2T T ) - 53.0,157
7 oo LB O
{ L > Sxlomfs =
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5. Mass Ratio

MaSS ratio

Particle A with charge ¢ and mass m, and particle B with charge 2¢ and mass m,, are
accelerated from rest by a potential difference AV, and subscquently deflected by a
uniform magnetic field into semicircular paths. The radii of the trajectories by particle 4
and B are R and 2R, respectively. The direction of the magnetic field is perpendicular to
the velocity of the particle. What is their mass ratio?

November 21, 2021 PHY 102 Physics II © Dr.Cem Ozdogan
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28 Solved Problems i

6. The bent wire shown in Figure lies in a uniform magnetic
field. Each straight section is 2.0 m long and makes an angle
of & = 60° with the x axis, and the wire carries a current of
2.0 A. What is the net magnetic force on the wire in unit-
vector notation 1f the magnetic field is given by (a) 4.0k T
and (b) 4.0i T

6'('43) ) @ @OE @
= K
B.:él’- éo* (34
@/#@/E\@,@ ;va W/@\
,- 20°

E o 15;430 Qusls.h:a ) Sz
3 (@A) (2m)(4T) £ L = 8N

A 9_1&9)\/ ; 1

h%
K *5 F ,“-#_MN’J , d%@u%

) 8247 ,;/{T” . 5//5J7 ‘tw

‘
RE L [;.-43& £i]) 8,18

- {{35"1160( k)‘}'fdag"éa{k r_.-'_" fa M{Mﬁﬁr@ p’fsg-’qg
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28 Solved Problems

7. In Figure, a metal wire of mass m=24.1mg can slide with
negligible friction on two horizontal parallel rails
separated by distance d=2.56 cm. The track lies in a
vertical uniform magnetic field of magnitude 56.3 mT. At
time t=0, device G is connected to the rails, producing a
constant current 1=9.13 mA 1in the wire and rails (even as
the wire moves). At t=61.1 ms, what are the wire’s (a)
speed and (b) direction of motion (left or right)?

= RiU iy m——
me2s Sy B B )BoiE ¥
d =2:56x15%m 2 i i 2= KB ~s 1Rgl= 1AL BSimgo°
8563 x5°T =(135°A X2 Sx1550)(56.3x10°7)
—5{3;(!9“14 o =1. 3000
€=6lLIxs3s - ma;w_ S.46x10 w;

~ I \./)‘z,/+a,£ ﬂ(s 46 x /0 m/;J@/ (yt53) =33, 57"0!%

#) Lefé.
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- 8. Force on a semicircular loop

Ex

dF, SxB = TRdB(mBHt‘O'ﬂJ)xB)
F R

‘-'—-IBP\W‘\BEIB ]< - F--]Bklt _[ .Smﬁc‘& o 1
=
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9. Figure shows a current loop ABCDEFA carrying a current
1=5.00 A. The sides of the loop are parallel to the coordinate ¢ x | \;
axes shown, with AB=20.0 cm, BC=30.0 cm, and FA=10.0 o
cm. In unit- vector notation, what 1s the magnetic dipole \ |
moment of this loop? (Hint: Imagine equal and opposite \ 1‘1‘ F
currents 1 in the line segment AD; then treat the two ' A
rectangular loops ABCDA and ADEFA..) T

X

T

At . B ."F"‘ i

- n > 5% T W
" ‘_Iﬂq 'J-:; # + _::;' 3 |I.-"'_‘Itk"l'_r.-._.-j + -{ h‘!-_kl-ul; h o ~
; e = S 0 H{ﬁ B, 5N Fr‘,]{ﬁ'u“ :
# # - - R i f = _:.i AL AT =
=(5M) 0-2)0-2M)C

"G i\
= 0.3(-k)t 0.15(5/
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10. The wire loop of two semicircles

The wire |[oop of 1wo Semicircles
olnrec{ion
A ) b\j I"iﬁ"l*l-—hﬂd
tvle,

e I‘n{:O the
Pade .
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The Magnetic Field B Magnetic Force on a Current
Defined in terms of the force F, acting Carrying wire

on a test particle with charge g moving A straight wire carrying a current j in a
through the field with velocity v uniform magnetic field experiences a

sideways force
Fy= a7 x B =q. 262 Fy=iL' x B. Eq. 28-26
A Charge Particle Circulating in a
Magnetic Field

Applying Newton'’s second law to the

The force acting on a current element
i dL in a magnetic field is

circular motion yields dFy = idL X B. Eq. 28-28
2
lg|vB = m: Eq.28-15  Torque on a Current Carrying

from which we find the radius r of the Coil
orbit circle to be A coil (of area A and N turns, carrying

my current /) in a uniform magnetic field

r= . Eq. 28-16 - : .
lg|B B will experience a torque r given by

7= X B. Eq. 28-37
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The Hall Effect Orientation Energy of a

When a conducting strip carrying a Magnetic Dipole

current /is placed in a uniform The orientation energy of a magnetic
magnetic field B, some charge dipole in a magnetic field is

carriers (with charge e) build up on

one side of the conductor, creating a U(6) = — - B. Eq. 28-38
potential difference V across the strip. If an external agent rotates a

The polarities of the sides indicate the magnetic dipole from an initial

sign of the charge carriers. orientation 6, to some other

orientation 6, and the dipole is

stationary both initially and finally, the
work W, done on the dipole by the

agent is
W,=AU=U,-U. Eq.28-39
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28 Magnetic Fields d

Additional Materials
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