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Remember From Previous Chapters

Classical Mechanics

« Equations of motion: W = AK
vV, =, +at W=F-.d
. =7 4+ 0.t+ —at? 1
f () T 7 + 2 — 5771’172
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« Newton’s Second Law: Electric Field
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« Work-Energy Theorem:

e Coulomb’s Law:

« Electric Field:

E =

Flux

o Gauss’s Law:
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Remember From Previous Chapters

Electric Potential
and Energy

. Electric Potential:

V=rk1

T
- Potential Energy:

d142
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UE:ke

« Relation to Electric
Field:

AV =—E.-d

« Potential and Energy:

Capacitance and
Dielectrics

 Capacitance:

- Q _50A
C_AV_ d

« Capacitors in Parallel:

Cou = G

« Capacitors in Series:

 Energy Stored
in Capacitor:
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Up =356 =392V
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Remember From Previous Chapters

« Energy Density of Current and Resistance o conductivity:
Electric Field: . Current: 1
o= —
U 1 0
At Tem
. perature Effect
 Dielectric Constant: _
Lhvg = nAv,g R=Ry[l+a(T —T)]
AV = AV} /k , ,
» Ohm’s Relation: « Electrical Power:
Y =ty AV = IR A2
P=IAV =I°R =
Q = kQ  Resistance: R
Ug =Uy/k R L Energy = PAt




Remember From Previous Chapters

Direct-Current Circuits 1. Junction Rule:
« Electromotive Force: Z =0
AV =e—Ir =1R, modke
‘ , , 2. Loop Rule:
« Resistors in Series:
R,=R +Ry+..+R, IZAV:O
oop

« Resistors in Parallel:
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) R1+R2—|—...—|—R—n
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« Kirchhoft’s Rules:
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1.1 Magnetic Field

- Magnetic field has two poles: North and
B W South, with field lines from N to S.

/ \ « Some differences from electric field: (1) mag-

netic field does not start or end on charges,

f ‘
e
but f losed 1 : ic field i
K \by ut forms closed loops. (2) magnetic field is

N generated by moving charges, not by static

S
/K »JN; charges (more on this later). (3) magnetic field

‘ exerts a force on other magnets or moving

\\ / charges, not on stationary charges.
S~ « Magnetic field (B) is a vector field, with units

of Tesla (7).

Dr. Abdulaziz Alqasem Ch.28: Magnetic Fields



King Saud University

1.1 Magnetic Field

Magnetic field Magnetic field pattern Magnetic field pattern
pattern surrounding between opposite poles between ke poles (N-N)
a bar magnet (N-S) of two bar magnets of two bar magnets

J X\
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1.1 Magnetic Field o

King Saud University

Magnetic axis

The north Axis of
geomagnetic pole is rotation
near the Earth’s north North . North
geographic pole. geomi%életlc geographic
p pole
Geographic
equator
Magnetic
equator

—_—

7

/‘ ":\ The south
South' South geomagnetic p,ole 18
geographic geomagnetic near the Earth’s south
pole pole geographic pole.
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1.2 Magnetic Force on a Moving Charge

« When a charged particle moves in a mag-

X X X X X netic field, it experiences a magnetic force
X X X X X (F’B) that is perpendicular to both the ve-
Positive Charge X X X X X locity of the particle and the magnetic field.
@ X X X X « The force is proportional to the charge
X X X Mag“?g)c G (q), the speed (v), the magnetic field
©) X X X X X strength (B), and the sine of the angle (0)
Negative Charge %¢ SONX X X X between the velocity and the magnetic field
X X X X X « The direction of the force of a negatively
X X X X X charged particle is opposite to that of a pos-

itively charged particle, but the magnitude
is the same for both.
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1.2 Magnetic Force on a Moving Charge

The magnetic force is

perpendicular to both v and B. L1,
Vi Fp
N
F —
A N S
T
I N \F\‘
@ /T
a — B —
B T —
0
Fy

<l

The magnetic forces
on oppositely charged
particles moving at the
same velocity in a
magnetic field are in
opposite directions.

Fy = ¢¥ x B = |qlvBsin#
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1.3 Direction of the Magnetic Force

(2) Your upright thumb
shows the direction of
the magnetic force on a

positive particle. (1) Point your fingers

in the direction of B,
with ¥ coming out of

(1) Point your ﬁggers in your thumb.
the direction of v and F
B
then curl them tgward B )
the direction of B. *
K =D (2) The magnetic
R © . force on a positive
v L | ”“ 8/ particle is in the

0 : 4 direction you would
/ / y push with your palm.
— = —
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1.4 Differences Between Electric and Magnetic Forces

ags2snElloldl
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Electric Force

Magnetic Force

Source

charges

Only moving charges

Force on Charges

Acts on stationary and
moving charges, in the di-
rection of the electric field
for positive charges

Acts
charges, perpendicular to

only on moving

both velocity and magnetic

field

Work in Displacement

Can do work on charges,
changing their kinetic en-

ergy

Does no work on charges,
only changes their direc-
tion of motion

Kinetic Energy

Can change kinetic energy

Magnetic forces cannot
change the kinetic energy

of charges

Dr. Abdulaziz Algasem
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1.5 Magnetic Field Unit

The SI unit of magnetic field is the Tesla (T),

1T=1——-
C-m/s

Some Approximate Magnetic Field Magnitudes

Source of Field Field Magnitude (T)
Strong superconducting laboratory magnet 30

Strong conventional laboratory magnet 2

Medical MRI unit 1.5

Bar magnet 102

Surface of the Sun 1072

Surface of the Earth 5 X 107°

Inside human brain (due to nerve impulses) 10713
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1.5 Magnetic Field Unit sl
z
Example 1.1 ,
/
/
An electron moves through space as a cos- /

mic ray with a speed of 8 x 10° m/s along
the x-axis. At its location, the magnetic field
of the Earth has a magnitude of 0.05 mT, and
is directed at an angle of 60° to the x-axis,
lying in the xy plane. Calculate the magnetic
force on the electron.
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1.5 Magnetic Field Unit

Z
/
/
%
/
/
/ Fz = |qlvBsind
T = (1.6 x 10717)(8 x 10°)(5 x 10°) sin 60°
= 60° W B _ 17
v = 5.9 x 10 N
X
F
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2.1 Representation of the Magnetic Field e B0
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Magnetic field lines going
into the paper are indicated
by crosses, representing the
feathers of arrows going
inward.

K Bout K ﬁ

e e e o o o o m

Magnetic field lines coming
out of the paper are indicated
by dots, representing the tips
of arrows coming outward.

°

°

°

°

°

°

°
X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X
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2.2 Charged Particle in a Uniform Magnetic Field e &

« If v of the particle is perpendicular to B, it

The magnetic force FB acting on . . ] . .
the charge is always directed will move in a circular path with a radius (r)

toward the center of the circle.

determined by the balance between F’B and the

moment of inertia.

 If ¢ were negative, the particle would move in
the opposite direction, but the radius of the path
would be the same.

 Using newton’s second law, we find:

,02

Fy = quB = m—
B =quB=m-—
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2.2 Charged Particle in a Uniform Magnetic Field

—>
The magnetic force Fp acting on
the charge is always directed
toward the center of the circle.

Dr. Abdulaziz Algasem

o The radius of the circular path is:

r

_mv

« The angular speed of the particle is:

W =

_g¢B

U
T m

 The period of the circular motion is:

21T

T="""

(%

2Tm
qB

Ch.28: Magnetic Fields




i:i_o_ou

2.3 Helical Motion bvremarer] 1
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y o If ¥ of the particle has a component parallel to
Helical B, it will move in a helical path, with the same
€lica

+q /path radius and angular speed as before, but with a

B NV constant velocity along the direction of B,

B—_
~ am =0

/ gy \ s  The perpendicular component of the velocity v

X iS:

— /a2 2 _
V] = 4/V; + v; = constant
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2.3 Helical Motion

A proton is moving in a circular orbit of radius 14 cm in a uniform 0.35 T
magnetic field perpendicular to the velocity of the proton. Find the speed of the
proton.

Solution 2.2
)

: 10—19)(0. 14
_abr _ (L < MO0 ):4.7><106 m/s

m, 1.67 x 1027
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2.3 Helical Motion et 1

Example 2.3

In an experiment designed to measure the magnitude
of a uniform magnetic field, electrons are accelerated
from rest through a potential difference of 350 V and
then enter a uniform magnetic field that is perpen-
dicular to the velocity vector of the electrons. The
electrons travel along a curved path because of the
magnetic force exerted on them, and the radius of the
path is measured to be 7.5 cm.

(A) What is the magnitude of the magnetic field?
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2.3 Helical Motion

Solution 2.3

First, we can find the speed of the electrons after being accelerated through the
potential difference using the work-energy theorem:

1
(§mev2—0) + (qAV) =0
—2qA
:>v:\/ 92V 111 % 107 m/s
me

Now we can use the formula derived earlier to find the magnetic field:

B="e _84x10*T

er
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2.3 Helical Motion bvremarer] 1
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(B) What is the angular speed of the electrons?

d
w= 2 —15x1082¢
T S
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2.4 Magnetic Trap S0 (B
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The magnetic force exerted on
the particle near either end of
the bottle has a component that
causes the particle to spiral back
toward the center.

Path of
particle

. Earth Magnetic Field
Magnetic Bottle

Dr. Abdulaziz Algasem Ch.28: Magnetic Fields



1. Analysis Model: Particle in a Field (Magnetic)

2. Motion of a Charged Particle in a Uniform Magnetic Field

3. Applications Involving Charged Particles Moving in a Magnetic Field

4. Magnetic Force Acting on a Current-Carrying Conductor



i:i_o_nl;

3.1 Total Electromagnetic Force (Lorentz Force) o] ..
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@2
e
=
(gl

XemX XX X XpmX
«|x % x'% % x|«  When a charged particle moves in both electric and
wl e x x >« %« magnetic fields, it experiences a total electromag-
L ox - F, ->F>> |, netic force (also called the Lorentz force) that is the
L e — . .
B WU w wlw % « » vector sum of the electric and magnetic forces:
| - e
|
XxEEx X :x x t!x n N N N 3 -
X XX % X F=F.+Fy;=qFE+quvx B
xBly x % ;x X X%
|
)
|
|

Source
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3.2 Application: Velocity Selector )
|
|
*mm E * i * % *m* « Avelocity selector is a device that uses perpendic-
XL X xgx % x| X ular electric and magnetic fields to select charged
X : x x|y X_}: |* particles with a specific velocity.

B, | Fpe@E, | % . If the electric and magnetic forces are equal in mag-
Xx X % x % d e nitude and opposite in direction (¢F = quB), the
xJx x x x x xggx particle will pass through the selector undeflected,
X X X% x <E* which means it has a velocity of:

x By x x| x x X%

@2
e
=
(gl

Source B
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3.3 The Mass Spectrometer

-
By in
X X X X
X % x X
AN
X XN %
| + @ |
X
P/
X
Detector
array x
ﬁ
Bin X
%
Velocity selector
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- A mass spectrometer is a device that uses
magnetic fields to separate charged particles of
equal speed based on their mass-to-charge ratio.

« The particles enters the mass spectrometer at a
known speed (from the velocity selector), and
then they enter a magnetic field B, that causes
them to move in circular paths with different
radii depending on their mass-to-charge ratio.
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3.3 The Mass Spectrometer =i

I_io, N - By measuring the radius of the path, we can de-

ron termine the mass-to-charge ratio of the particle:

x %7 x

x /4& m  Byr

| + @ | - —
P / q v
Detector « Since the velocity is known from the velocity
array selector as v = E'/ B, we can also express the

N
B.

1mn

mass-to-charge ratio as:

m  ByB

q E

Velocity selector

r
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3.4 Thomson’s Apparatus

Electrons are accelerated from the cathode, pass through two slits, and
are deflected by both an electric field (formed by the charged
deflection plates) and a magnetic field (directed perpendicular to the
electric field). The beam of electrons then strikes a fluorescent screen.

)<—Magnetic field coil

Deflected
electron beam

<— Undeflected
electron beam

Deflection
plates
Fluorescent
coating
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Thomson used a cathode
ray tube with perpen-
dicular electric and mag-
netic fields to measure the
charge-to-mass ratio of the
electron.
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3.5 Application: The Cyclotron g ALol
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curved lines ﬁ
represent the path
of the particles.

Alternating AV

The black, dashed, +
P

After being
accelerated, the
particles exit here.

North pole of magnet
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3.5 Application: The Cyclotron P .,
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« A cyclotron is a type of particle accelerator that uses a combination of a constant
magnetic field and an oscillating electric field to accelerate charged particles to

high speeds.

 The particles are injected into the cyclotron at the center, and they move in a spiral
path due to the magnetic field.

« Each time the particles cross the gap between the two “dees” (the D-shaped elec-
trodes), they are accelerated by the electric field, which increases their speed and
the radius of their path.
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3.5 Application: The Cyclotron P .,
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« The cyclotron can accelerate particles to high energies, which can be used for
various applications such as medical treatments (e.g., cancer therapy) and nuclear
physics research.

« The maximum kinetic energy that a particle can achieve in a cyclotron is given by:

1 1 (gBr\°> ¢®B%?
K=-m?=-m[I) =227
2 2 m 2m
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4.1 Magnetic Force on a Current-Carrying Wire
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4.1 Magnetic Force on a Current-Carrying Wire et <
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4.1 Magnetic Force on a Current-Carrying Wire vy 1
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« When a current-carrying conductor is placed in a magnetic field, it experiences a
magnetic force that is proportional to the current (I), the length of the conductor

(L), the magnetic field strength (B), and the sine of the angle (6) between the
conductor and the magnetic field:

F,=IL x B=1ILBsin#

Dr. Abdulaziz Algasem
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4.1 Magnetic Force on a Current-Carrying Wire

A wire carries a steady current of 2.4 A. A straight section of the wire is 0.75
m long and lies along the x-axis within a uniform magnetic field, B = 1.6k T.

If the current is in the positive x direction, what is the magnetic force on the
section of wire?

Solution 4.4

F,—ILx B

= (2.4)(0.75 2) (1.6 k) = 2.88 (i x k)
The cross product of 2 and k is —J, so:
Fp,=-288)7 N
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4.2 Cross Product e &
ix 1=k
The cross product cycles of the unit vectors is: P
Ix k=1
1 — J — ]{7 l% > /'l\ — j
A positive cross product follows the cycle, . ;
. : . X 1= —
while a negative cross product goes in the J
opposite direction. So: kXxj)=—t
ixk=—)
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Suggested Problems
3,4,9, 16, 21, 25

Book: Serway, R. A., & Jewett, J. W. (2018). Physics for Scientists and Engineers (10th
ed.)

Chapter: 28 - Magnetic Fields
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