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Lecture ContentsLecture Contents

••Magnetic Fields and Forces.Magnetic Fields and Forces.

••Magnetic Force Acting on a Current Carrying Magnetic Force Acting on a Current Carrying 
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Conductor.Conductor.
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Magnetic Fields And Magnetic Fields And 

ForcesForces
••Electric Field is for any  charged object.Electric Field is for any  charged object.

••Moving Charge creates magnetic field. Moving Charge creates magnetic field. 

••Some materials are permanent magnet.Some materials are permanent magnet.
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••Some materials are permanent magnet.Some materials are permanent magnet.

••The symbol of Magnetic Field is B.The symbol of Magnetic Field is B.
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Magnetic Fields And Magnetic Fields And 

ForcesForces
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Magnetic Fields And Magnetic Fields And 

ForcesForces
••BB cancan bebe defineddefined inin anyany pointpoint byby termsterms ofof FFBB (Magnetic(Magnetic

forceforce exertedexerted byby thethe fieldfield onon aa chargedcharged particleparticle movingmoving

withwith aa velocityvelocity ofof vv ))..

The magnitude FB of the magnetic force exerted on the

particle is proportional to the charge q and to the speed
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particle is proportional to the charge q and to the speed

v of the particle.

• The magnitude and direction of FB depend on the

velocity of the particle and on the magnitude and

direction of the magnetic field B.

• When a charged particle moves parallel to the

magnetic field vector, the magnetic force acting on the

particle is zero.
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Magnetic Fields And Magnetic Fields And 

ForcesForces
•When the particle’s velocity vector makes any angle

θ ≠ 0 with the magnetic field, the magnetic force acts in

a direction perpendicular to both v and B; that is, FB is

perpendicular to the plane formed by v and B (Fig. a).

• The magnetic force exerted on a positive charge is in
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• The magnetic force exerted on a positive charge is in

the direction opposite the direction of the magnetic

force exerted on a negative charge moving in the same

direction (Fig.b).

• The magnitude of the magnetic force exerted on the

moving particle is proportional to sin !, where ! is the

angle the particle’s velocity vector makes with the

direction of B.
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Magnetic Fields And Magnetic Fields And 

ForcesForces
••TheThe magneticmagnetic ForceForce cancan bebe defineddefined asas
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Magnetic Fields And Magnetic Fields And 

ForcesForces
••TheThe magnitudemagnitude ofof thethe magneticmagnetic ForceForce isis

• The electric force acts along the direction of the

electric field, whereas the magnetic force acts

perpendicular to the magnetic field.
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perpendicular to the magnetic field.

• The electric force acts on a charged particle

regardless of whether the particle is moving, whereas

the magnetic force acts on a charged particle only when

the particle is in motion.

•The electric force does work in displacing a charged

particle, whereas the magnetic force associated with a

steady magnetic field does no work when a particle is

displaced because the force is perpendicular to the

displacement.
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Typical Values of Typical Values of 

Magnetic FieldsMagnetic Fields
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Example 1Example 1
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Magnetic Force acting on a Magnetic Force acting on a 

CurrentCurrent--carrying conductorcarrying conductor
••MagneticMagnetic forceforce exertedexerted onon aa movingmoving chargecharge..

••TheThe currentcurrent isis thethe timetime raterate ofof movingmoving chargescharges..

BB directiondirection��DotsDots:: perpendicularperpendicular outout fromfrom thethe pagepage andand

comingcoming outout towardtoward youyou..

CrossesCrosses:: perpendicularperpendicular intointo thethe pagepage andand firedfired awayaway
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CrossesCrosses:: perpendicularperpendicular intointo thethe pagepage andand firedfired awayaway

fromfrom youyou..
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Magnetic Force acting on a Magnetic Force acting on a 

CurrentCurrent--carrying conductorcarrying conductor
••MagneticMagnetic forceforce exertedexerted onon aa movingmoving chargecharge isis

••InIn aa wirewire totaltotal chargecharge shouldshould accountedaccounted forfor::

•• ButBut
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••AppliesApplies toto straightstraight segmentsegment ofof wirewire atat uniformuniform magneticmagnetic

fieldfield..

••WhatWhat aboutabout aa CurvedCurved wire?wire?
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Magnetic Force acting on a Magnetic Force acting on a 

CurrentCurrent--carrying conductorcarrying conductor
••TheThe magneticmagnetic forceforce onon aa curvedcurved wirewire isis
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Example 1Example 1

••StraightStraight segmentsegment::

1414

••StraightStraight segmentsegment::

•• kk

••ForFor thethe curvedcurved wirewire isis thethe samesame exceptexcept thethe directiondirection

••ForFor thethe looploop isis thethe sumsum
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Torque on a Current loop in a Torque on a Current loop in a 

Magnetic FieldMagnetic Field
••LoopLoop hashas aa currentcurrent II..

••NoNo magneticmagnetic forceforce actingacting onon sectionssections 11 andand 33 (why?)(why?)..

••TheThe magmag MagneticMagnetic forceforce onon sectionsection 22 andand 44 == IaBIaB..

••TheThe maxmax torquetorque cancan bebe estimatedestimated byby::
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Torque on a Current loop in a Torque on a Current loop in a 

Magnetic FieldMagnetic Field
••TheThe productproduct ofof II andand AA isis termedtermed magneticmagnetic dipoledipole

momentmoment..

••TheThe torquetorque isis thenthen
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Example 2Example 2

••

1717King Saud UniversityKing Saud University Physics 104           Dr. Feras FraigePhysics 104           Dr. Feras Fraige



Example 3Example 3

••
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