MAGNETIC FIELDS



TOPICS TO BE COVERED

= Mlagnetic Fields
= Magnetic Fields and Forces . 895
= Right-Hand rule



Magnetic Fields

An electric field surrounds any
electric charge. Similarly,
The region of space surrounding

any MIOVING electric charge
also contains a magnetic field.




Magnetic fields can be visualized using

Magnetic Field Lines,
which are always closed loops.




Magnetic Field Lines, Bar Magnet

= A compass can be used to
trace the field lines.

= The lines outside the magnet
point from the North pole to
the South pole.

= [ron filings can also be used to show

the pattern of the
magnetic field lines.

= The direction of the magnetic
field is the direction a north
pole would point.




Electric Currents Produce
Magnetic Fields
Experiments show that Electric Currents Produce
Magnetic Fields.
* The direction of the field is given by a Right-Hand Rule.




Magnetic Field Due to a Current Loop

The direction iIs given by a

Right-Hand Rule.
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Force on a Current in a Magnetic Field
&

the DEFINITION of B

* A magnet exerts a force F
on a current-carrying wire.
The DIRECTION of F 1s

given by a Right-Hand Rule




Force on a Moving Charge in a Uniform
Magnetic Field

Right-hand rule

* For this case, the force F is obviously F
related to the force on a current & Is given
by: — —

IF = gv X B.

The Sl Unit of the Magnetic Field B is
The Tesla (T): 1 T=1N/A-m

Another unit that is sometimes used (from the cgs system) is
The Gauss (G): 1G=10*T



More About Direction

The magnetic force is

perpendicular to both ¥ and B.
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The magnetic forces
on oppositely charged
particles moving at the
same velocity in a
magnetic field are in
opposite directions.




This rule 1s based on the right-hand

rule for the cross product.

Your thumb is in the direction of the
force if q is positive.

The force 1s in the opposite
direction of your thumb if q 1s

negative.

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

(1) Point your fingers in
the direction of v and 1 i%B

then curl them toward

the direction of 1_3)
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(2) Your upright thumb
shows the direction of

the rna.gnetic force on a
(1) Point your ﬁngers

]:lclsitive pan‘icle.
in the direction DfB
with v l:ﬂmmg out of
(1) Point your fingers in your thumb.
the direction of v and F B
then curl them toward

the direction of ﬁ
(2) The magnetic
force on a stitive
particle is in the
direction you would

/ Vb push with your palm.

(a) In this rule, the magnetic force is in the direction in which your thumb

points.
(b) In this rule, the magnetic force is in the direction of your palm, as if you

are pushing the particle with your hand.




- More About the Magnitude of F

= The magnitude of the magnetic force on a
charged particle is

F; = |ql vBsin O
= 0 1s the smaller angle between v & B
= F'; 1s zero when the field & velocity are
parallel or antiparallel (0 = 0 or 180°)
= F; 1s a maximum when the field &
velocity are perpendicular 0 = 90°
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" Direction of the Force on a Point Charge

" The electric force acts along the direction of the electric field.
* The magnetic force acts perpendicular to the magnetic field.

Motion

» The electric force acts on a charged particle regardless of
whether the particle is moving.
* The magnetic force acts on a charged particle only when the

particle is in motion.



= When vectors are perpendicular to the page,

dots & crosses are used.

= The dots represent the arrows coming out of the

page.

= The crosses represent the arrows going into the

page.

= The same notation applies to other vectors.

Magnetic field lines coming
out of the paper are indicated
by dots, representing the tips
of arrows coming outward.
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Magnetic field lines going
into the paper are indicated
by crosses, representing the
feathers of arrows going
inward.
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Example: Magnetic Force on a Proton.

A magnetic field exerts a force F=8.0 x 10-*4 N
toward the west on a proton moving vertically up at
a speed v = 5.0 x 10° m/s. When moving horizontally
In a northerly direction, the force on the proton is
zero. Calculate the magnitude & direction of the

magnetic field B in this region. (Proton charge: g = +e

=1.6x1019C)) ‘w@>
1)
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(west)

\-9 Moving into

page (north)







Magnetic Fields and forces 3 # 4 o S Jas # 4l Jlaw S
iy S*The properties of magnetic Field Lines? ¢ sl & sl
i bl Ol ) ol ) ety ALl il B 0 Ly
salll-1-magnetic field and Forces 1-2- Mution of &
charged particle in a uniformmagnetic Field.1/4 The
lines originate from the north pole and end on the south
pole; Theydo not start or stopIn mid-space-2. The
magnetic Field at any point is tangent to the magnetic
field lime at/ Jaell L shall (e Las xie Jlaslloint b V. g lxie
bzl Jlaall el o Ldla) 4p5ldbithe magnetic field <l
b bxal) Jladl) an 3 w3alNa bar magnet has a magnetic
Field around it. This field is 3D in nature and often
represented by Lines leaving north and
entering,South. il caladll Judasl) caladl) (e Juis Jlaall Ja glas -
the magnetic field is a vector that has both magnitude
and direction.13. The strength of the Field is
proportional to the number of lines per unit area that
passes through Surface oriented perpendicular to0 =
Jaall Hlase e, the lines4- The * magneticField Lines
willnever come to Cross each other. ablis ¥ Jlaall gl o
Magnetic Force on(moving charge 00 dshliaal 3 ), L ja
Jiaall 3 jladlds sin Jasdlintll g LIS 4 2 5Y By palad) Jlad o
el o LA A8d & 3Y 2 eSIE= 238 230 Jlall A (e 22ay 5Ll

593 a) Jles )5
.~ S e
S yed S <) 08 Yloa

k@‘“"pb;o }” - 5)):’(')\.“’/:7)

\ -
o Vai tormmag neric AR CALT

o s
b Lsayint 2eap b

b obMNIL ot J\.AJI wbd) =

‘?’_\nar_(;l.({ De\c"_. 9)(\0) _F?cc§

2 i ) |
D |.\"w‘ 3T ey NE T field

D I L‘“‘“
V4T he lines oﬁano’l rom Fhe ““{J‘
‘DOle &l ond on the g outh Fole ki ¥ 'f

=\o nct shaet or g}o\D tn mid- Srme

s ’lk maa“ehc FE‘J(\‘ C\'\\f P)m‘} ‘e

donasat the he Geld e at
( \gq to mma;a}pﬂ_l ok o[,,\

\_P)‘,, ,1;7': "’\\o\ ’Ym‘nh _)\-M)‘ b“' “»ﬂ_)
he magnekie field ' )\:j»\“. - The etrengthofthe Frld s

b U o 2 ”*”EE_E

& bac m%.\d has a maa«ahu
Freld around & . €his Reldis
2P W aatre and eoffen w;mse\tul
L\; Lines lem(mar north and m\em%
SQouth.

W‘ bbulmmeb»\ IS 2
' \:’.}Aﬂ)l C/)}A)\\%L’

= "‘\'\e mlqd nehl F‘Q,\Cl 'S Q\‘Cﬁl’ﬁ & 4'&14’

hae Lodh n\qam\vdf ond direchon.
g v‘ ,u) ‘1 \ ‘,w 1’

Propockonal to the rnumber of fines e peC

\.\r\\"c\m WFacea ot Passes +‘“‘°"ﬂh o
Suefare grieatel ?e_pFenc\nu\a“
+he \ines - de')l‘)’_b')

4 The ma“g\\c Reld Lines will

Neve Come. ko Crose QOQLFQ—'L"Q_“-»

ij oy Jbal bseS

%me‘hc Force on {mﬂu’\ﬂ!c‘\m‘ge g

‘.\,.\,Lml\»)\

(oY I et GF Lo LS
) g 1) jLos) o

] 8”' —‘F:T '
. o "
BT TS T oy 2,000 a2

E=8
"‘ (%3¢
R A I Y T e
P e T I BT Ity

2B Ol Sty sl St Y

wé Lep)

{ b Loy JbJl

—‘fa.a,,p J)«.—-l-v_.u
[~ c P



when a charge is placed in a magnete Field, it ]

. . : . 2
experiences.aExperiments on various charged particles

moving in a magnetic Field.magnetic Force if two
conditionsaremet 13 Yiuhliaa) Jlaall 84S jadial) sl il
0811/The charge must be moving. No magnetic force
acts on a Stationary charge.O201the- velocity of the

moving charge must have a component) thatis
perpendicular to thealirection of the field.10+41F=0
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aProperties of the magnetic force ona charged
particle moving in a magnetic field.We can define
aBMagnetic Field BatSome point in space in terms of the
magnetic force Fp the field exerk * charged Partide
moving with a Velocity !, which we call the test 1
chargeon aals Cwl Ly j¥383e 1auFB, Bl adlFollowing
reauts.grve thel/ The magnitude Fp of themagnetic
force exerted on the partic is proportional to the
charged and to the speed of the partick. 4 =3l

20 9ac4S je alfie pulalsilWhen a charged particle. moves
parallel to the magnetic Field vector, the magnetic force
acting on the particle is Zoro30% when the particle's
velocity.Vector makesany angle 40 with the magnetic
field, theandmagnetic force acts in a direction |
Perpendicularto both. thatis, Fois perpendicular to
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