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Permanent Magnet (7 – 1)
Permanent Magnet is a metal whose chemical composition is an iron oxide .
Magnet properties 
1) It has two poles north (N) and south (S) .
2) Opposite magnetic poles attract , and like magnetic poles repel .
3) If it is suspended freely, it takes a direction north - south .
4) If it is cut , each piece consists of two poles .

(No magnetic monopole exists)
5) It attracts iron , nickel , and cobalt .

)(B


The Magnetic field 
)(TTesla:isThe unit 

4(1 10 )G T−=There is another unit called Gauss where :
The direction of the field at a point :
is the direction of the North Pole of the compass needle .

Properties of magnetic field lines
1) Closer spacing between the field lines indicates to higher field strength .  
2) The magnetic field vector is a tangent to the magnetic field lines .
3) Magnetic field lines form a closed loop because no magnetic monopole exists .
It looks like it is directing from the North Pole to the South outside
the magnet and from the south to the north inside the magnet .

The direction out of the page usually means (+ z) axis and it is represented by the symbol .
The direction into the page usually means (- z) axis and it is represented by the symbol .         

ص 171ص Earth's magnetic fieldفقرة  (1-7)في درس  (محذوفة)  172و
   

Magnetic Force (7 – 2) 
1) Magnetic force on a moving charged particle

sin
F q B
F q v B

ν
θ

= ×

=

 



: then )1800( oor=θ field,to the parallel anti or  If the particle moves parallel 

0min =F

: then )90( o=θ field,If the particle moves vertically on the  

BqF ν=max

Direction of Force determine by (right-hand rule 1) as shown . 
OR : Thumb with velocity , fingers with field 
The direction out of the right hand is the direction of the force on the positive charge. 
(if the charge is negative, we take the direction out of the back of right hand) 

)(νand  )(B


perpendicular to bothis always )(F


Direction of  

velocity

magnetic 
field

 charge
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 Q1) Determine the direction of magnetic force in the following cases . 

  
  
   
 
 
 
   
 
 
 

enters a  direction-yin the positive  5(4.0 10 / )m s× a speed ofwith  vingmois Q2) A Proton 
the  Calculatedirection , -xin the negative pointed  (0.4 )Tuniform magnetic field of 

magnitude of the force on the proton and determine its direction . 
 

axis with a speed of -x negative moves along the ( 20 )Cµ−Q3) A particle with a charge of
. Determine the  in teslas ˆ ˆ( 0.3 0.7 )B x z= +



. It enters a magnetic field given by(50 / )m s
magnitude and the direction of the magnetic force acting on the particle . 

 

in a uniform  5(1.0 10 / )m s×with a speed of moves  ( 2 )e−A particle with a charge of Q4) 
magnetic field , Calculate the minimum magnetic field needed to affect on the particle 

. 18(3.0 10 )N−× with a force of magnitude 
 

Q5) Suppose in a cathode ray tube there is an electron  
and  (111 )Vthrough a potential difference of  saccelerate 

as  4(3.4 10 )T−×a uniform magnetic field of  entersthen it  
: 31( 9.1 10 )em Kg−= ×considering by ,  the figurein shown  

1) Calculate the magnitude and the direction  
of the magnetic force on the particle as soon  
as it enters the field . 
2) Calculate the magnitude of the electron's acceleration  
when it is moving through the magnetic field . 

(300 / )m swith a speed ofA negatively charged particle moves Q6)  
in the positive y-direction in a region containing two  
perpendicularly uniform electric and magnetic fields .  

direction -in the positive x (120 / )V mIf the electric field is  
as in the figure , calculate the magnetic field required to  
keep the particle moving in a straight line at constant speed  
and determine its direction . 

 

in a region  (200 / )m smoving with a speed of is A Proton Q7)  
uniform a and  (1000 / )V m fieldelectric uniform a containing  

:where as shown in the figure (1.2 )Tmagnetic field 
1) Calculate the acceleration of the proton as soon as it enters 

27( 1.67 10 )pm Kg−= × the two fields and determine its direction .  
2) Calculate the acceleration of the proton if the direction  
of the proton's velocity is reversed . 

 

 

 

 

 

 

 

 

1 2 3 

4 5 6 
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 The work of the magnetic force on the moving particle is equal to zero , Explain ? 

Because the magnetic force is always perpendicular to the velocity and thus it is : 
cos90 0oW F d= = 

The magnetic field does not affect the kinetic energy and the magnitude of velocity . 
0 0W K K constant= ⇒ ∆ = ⇒ 

The magnetic field only changes the direction of velocity . 
Q8) Choose the correct answer in each of the following 
1) Which of the following units is equivalent to the magnetic field unit (Tesla) ? 

 1.. −AmN d)                         1.. −CmN c)                       1.. −mAN b)                    1 1. .N A m− − a) 
 ?)..( 11 −− SCKg is equivalent toWhich of the following units 2)  

a) Volt                             b) Newton                       c) Ampere                         d) Tesla 
3) A proton entered a uniform magnetic field pointing to the right and the magnetic force 
acts on it was in direction out of  the page , in which direction the proton entered the field ? 
a) downward              b) left                   c) upward                   d) right 
4) A proton is moving in a uniform magnetic field , as shown in  
the figure .What is the direction of the magnetic force on the proton ? 
a) downward                         b) left                     
c) upward                             d) right  

, perpendicular to a magnetic field  )/104.7( 5 sm× ofvelocity a moving with is An electron 5) 
, Calculate the magnitude of  )102( 13 N−×the electron is affected by a force of magnitude 

the magnetic field ? 
 T8107.1 −× d)                            T7.1 c)                       T31.0 b)                            T15102.8 −× a) 

6) The magnetic force acting on a charged particle : 
a) Changes the magnitude of velocity only . 
b) Changes both magnitude and the direction of velocity .  
c) Changes the direction of velocity only 
d) Doesn't change the direction of velocity  
7) In which direction will the electron in Figure be deflected 
as it enters the constant magnetic field ? 
a) into the page               b) out of the page 
c) upward                        d) downward  
8) An electron is traveling from the northwest toward the southeast in a region of space 
where the Earth's magnetic field is directed horizontally toward the north. What is the 
direction of the magnetic force on the electron? 
a) + y                                     b) - x                           c) - z                          d) + z  
9) A magnetic field is oriented in a certain direction in a horizontal plane . An electron 
moves in a certain direction in the horizontal plane . For this situation , how many is the 
possible directions of the magnetic force on the electron ? 
a) 1                                        b) 2                             c) 3                              d) infinite number  
10) A charged particle is at rest when a magnetic field is suddenly turned on . The field 
points in the z-direction . What is the direction of the net force acting on the charged 
particle ? 
a) in the x-direction                               b) in the y-direction 
c) in the z-direction                               d)The net force is zero. 
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 11) In which direction does a magnetic force act on an electron that is moving in the 

positive x-direction in a magnetic field pointing in the positive z-direction? 
a) the positive y-direction                         b) the negative x-direction 
c) the negative y-direction                        d) any direction in the xy-plane 
12) A charged particle is moving in a constant magnetic field . Which of the following 
statements concerning the magnetic force exerted on the particle is not true ?  
a) It does not work on the particle .  
b) It may change the velocity of the particle . 
c) It may increase the speed of the particle . 
d) It can act only on the particle while the particle is in motion . 
13) A proton is moving in negative y-direction perpendicular to a magnetic field , 
experiences a force of magnitude F , acting in the negative x-direction. 
What is the direction of the magnetic field producing this force ? 
a) + z                                  b) - z                              c) + x                             d) + y   

Motion of charged particles in a magnetic Field ( 7 – 3) 
When a charged particle moves perpendicular to a uniform magnetic field, it takes a circular 
path as shown in the figure . 
The Reason : 
Because the particle is affected by a magnetic force always 
perpendicular to its velocity, acting as a centripetal force that 
causes it to move in a circular path. 
The magnetic force is always towards the center , so  
it is called the centripetal force. 
The radius of the particle's path is calculated from the relationship : 

 

                                                                                     2
B CF F

mvq v B
r

=

=
                 

: mass m                                                                                            mr
q B
ν

= 

( )p mv=: momentum of particle  p                                                 pr
q B

=  

If the particle moves parallel to the field, it will not be affected by a magnetic force and will 
continue to move in a straight line. 
If the particle moves not perpendicular to the field it will move 
in a helical path and its radius will calculated from :  

sinmr
q B
ν θ

= 

Q9) Determine the direction of particle's rotation in the following : 
 

                                                                                 3 ( 
 
 
 
 
 

electron 

1 2 3 
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 Q10) A proton in a magnetic field moves counterclockwise on a circle in xy plane , with a 

,  6(6.2 10 / )m s×velocity of  aand )25.0( Tof  magnetic field 
27( 1.67 10 )pm Kg−= ×,  19( 1.6 10 )pq C−= × considering 

1) Calculate the radius of the proton's circular path . 
2) Determine the direction of the magnetic field . 
3) If the magnetic field is doubled to three times what happens 
 to each of the following 
a) Magnetic force .                                b) Acceleration of the proton . 
c) Radius of the proton's path .           d) Speed of the proton . 

,  (2.3 )m is moving in a circular path of radius 19(1.6 10 )C−×of  A particle with charge) 1Q1 
: (0.5 )Tmagnitude of a has affected the magnetic field   

1) Calculate the momentum of the particle . 
2) Calculate the kinetic energy of the particle in units of electron volts , consider the mass of the 

. 25(2.5 10 )Kg−×is  particle 
 

. 3(3.18 10 / )m s× a speed of withis moving north  (3.44 )g ball of mass small, chargedQ12) A 
in a clockwise  (1.89 )mIf you want the ball to move in a horizontal circular path of radius

direction when looking at it from above , considering the magnetic  
: the page into (0.51 )Tfield is  

1) Calculate the charge of the ball and determine its type . 
 

2) In which direction should the ball be ejected in order to 
     travel in a straight path within the field . 
3) What will the shape of the path be if the ball's velocity makes 

 direction ?with the magnetic field  (40 )oanglean       
 

Q13) The figure shows the paths of two particles (x , y) charged 
 with the same masses when they were projected into the same 
 magnetic field with the same speeds . 
1) What is the kind of each charge ? 
Charge of (x) : ………… 
Charge of (y) : ………… 
2) Explain why the particle's charge (x) is less than 
 the particle's charge (y) . 

 

kinetic and an electron with  2(4 10 )eV×energy equal to kinetic Q14) An electron with 
are trapped in a uniform magnetic field and move in circular 2(2 10 )eV× to energy equal

?1

2

( )r
r

 is the ratio of the radii of their orbits. What  paths 
 

is accelerated by a potential difference  27( 2 , 6.64 10 )q e m Kg−= + = ×An alpha particle Q15)  
and moves in a plane perpendicular to a constant magnetic field of magnitude  (2700 )Vof 

.in a circular path  ingmov is , the alpha particle (0.34 )T 
Calculate the radius alpha's path . 

 

enters a uniform magnetic field of magnitude  5(4 10 / )m s×Q16) An electron with a speed of 
31( 9.1 10 )em Kg−= ×by considering to the magnetic field lines  (35 )o at an angle of (0.04 )T 

1) Calculate the radius of the path and determine path's shape . 
? (1 )sµa time How far forward will the electron have moved after 2)  

x 

y 
y 

x 
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 Q17) At a certain time an electron crosses the positive  

5(2.0 10 / )m s×from the origin with velocity (60 )cmaxis  at -y 
31( 9.1 10 )em Kg−= ×direction as in the figure . -in the positive x 

1) Calculate the magnitude and the direction of the  
magnetic field that will cause the electron to cross  

. from the origin (60 )cm axis at-the x 
 
 

2) What is work done on the electron during this motion ? 
 
Q18) Choose the correct answer in the following 
1) A positively charged particle entered a uniform magnetic field and moved along 
the path as shown in the figure, the velocity of the particle when it entered the field was : 
a) in the direction of the field .      
b) perpendicular to the direction of the field .   
c) in direction opposite to the field .      
d) in a direction makes a certain angle with the direction of the field . 
2) What is the relationship between the magnitude of the path radii of each of the 
two ions (x , y) when they are ejected at the same velocity perpendicular to the uniform 
magnetic field lines , as shown in the figure : 

1
1

=
y

x

r
r a) 

4
1

=
y

x

r
r b) 

1
4

=
y

x

r
r c) 

1=× yx rr d) 
in a constant magnetic field . What  ( )r3) An electron moves in a circular path with radius 

is the final radius of the path when the magnetic field is doubled ? 

4
r d)                               

2
rc)                              4 r b)                                  2 r a) 

4) Which of the following relationships represents the magnetic force vector on a charged 
particle moving in a magnetic field? 

)( ν




×= BqFBd)                   ).( ν




BqFB =c)              ).( BqFB







ν= b)                    )( BqFB







×= ν a) 
The proton .  (400 )Vproton is accelerated from rest by a potential difference of  5) A 

. Determine (20 )cmradius enters a uniform magnetic field and follows a circular path of 
27( 1.67 10 )pm Kg−= × . the magnitude of the magnetic field 

 21.44 10 T−× d)                 41.44 10 T−× c)                        1.44T b)                         31.44 10 T−× a) 
enters a region in space where a magnetic field  6(1.1 10 / )m s× A proton moving at speed6) 

with respect  (60 )o . The velocity vector of the proton is at an angle  ˆ( 0.5 )B T y= −


given by 
to the positive x-axis , Calculate the radius of proton's path . 

24.51 10 m−×d)                   21.99 10 m−×c)                 22.23 10 m−× b)                         21.15 10 m−×a)  
 المواض�ع التال�ة محذوفة و�ل ما یتعلق بها من أسئلة في نها�ة الوحدة :   (3-7)في درس 

Time Project Chamber – Cyclotron Frequency – Mass spectrometer – Magnetic Levitation (177-182) 
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                        Magnetic Force on a Current-Carrying wire (7 – 4) 

 

       BF i L B= ×
  

 
 

sinBF i L B θ=  
Length of the wire : L    

       

The wire is parallel to the field 
         0min =F 

 

 The wire is perpendicular to the field 
      maxF i L B=      

Direction of force by Right hand rule 
Thumbs with the current 
Fingers with a magnetic field 

)( BFof  directionis the hand right Out of the  
( )iand  )(B



 perpendicular to bothalways is  )(F


The direction of  
Q19) In the figure shown , determine the direction of the magnetic force on the wire 

  
 
 
 
 
 

placed in a uniform  )2( Acarries a current of )5.0( mA straight wire of length ) 20Q
, as shown in the figure : )102( 2 T−×magnetic field of magnitude  

1) Calculate the magnitude of the magnetic force on the 
 wire and determine its direction . 

 

 
2) How can we place the wire in the field in such a way  
that there is no magnetic force act on  it ? 

 

placed  is)0.6( Aand carrying a current of magnitude )40( cmA straight wire of length ) 21Q
,  as shown in the figure )8.0( T in a uniform magnetic field 

: )96.0( N iswire on the magnetic force if the  
1) Determine the direction of the magnetic force  
    acting on the wire . 

between the wire and the)(θCalculate the angle 2)  
     magnetic field's direction . 

 
3) If the wire's position is modified to make the magnetic force 
acting on it as large as possible and in the direction into the page : 
a) Draw the new position of the wire inside the field . 
b) Calculate the maximum magnetic of the force on the wire . 
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 in  (2.0 )Aand carrying a current of magnitude  (30 )cmA straight wire of length) 22Q

 ˆ ˆ ˆ( 0.40 0.70 0.25 )B x y z= + +


is placed in a uniform magnetic field given by direction -negative y
, Calculate the magnitude of the magnetic force on the wire . 

 

Q23) A straight wire with a constant current running through it in Earth's magnetic field 
. What is the minimum current that must  (0.43 )G, at a location where the magnitude is 

. (1.0 )Nit to experience a force of length of  (10 )cm aflow through the wire for  
 

and  turns (100)a and (2.5 )cmof diameter  with aa voice coil Loudspeaker consist of A ) 24Q
calculate perpendicular to its coil , (1.5 )Tmagnetic field a is placed in  (1.0 )mAcurrent carrying a 

the magnetic force exerted by the magnetic field on the loudspeaker's voice coil . 
 
 

resistor in  (3.0 )Ωbattery is connected to a (12 )V) A25Q 
a rigid rectangular loop of wire . As shown in the figure, 

of wire at the end of the loop extends  ( 1.0 )m= length a 
, directed into (5.0 )Tinto a magnetic field of magnitude 

the page. What is the net force on the loop? 
 
 

Q26) As shown in the figure, a straight conductor can  
slide without friction on top of two horizontal conducting  

apart, in a vertical magnetic (0.2 )mrails and a distance of  
current is maintained through the (20 )A. A (1.0 )Tfield of  

conductor. 
If a string is connected exactly at the center of the  
conductor and passes over a frictionless pulley, what  
mass (m) suspended from the string allows the conductor  
to be at rest and determine the current's direction in the conductor ? 
Q27) Choose the correct answer in the following 
1) In the figure , the wire (x, y) is free to move, in which direction 
 you will expect the wire to move when a current pass through  
  it from (x) to (y) : 
a) To the right     b) To the left           c) upward             d) downward 

 )..( TmAWhat is the unit that is equivalent to2)  
a) Volt                   b) Joule                     c) Ampere              d) Newton  

)..( 21 −− SAKg3) What unit is equivalent to  
a) Tesla                              b) Joule                               c) Newton                      d) Volt               
4) A wire in the plane of page carries a current towards the east and perpendicular to the 
Earth's magnetic field, what is the direction of the magnetic  force on the wire . 
a) into the page                   b) out of the page                c) North                        d) South 
5) A wire with an electric current is placed in four different positions in a uniform 
magnetic field as in the figure shown , which diagram will the magnetic force on the wire 
be the maximum . 

 
 
         d) c)    b)  a) 
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 6) In the figure shown, what is the direction of the magnetic 

 field that causes the maximum magnetic force 
a) positive y-direction                
b) negative x-direction 
c) negative y-direction                
d) positive x-direction 
7) A wire is carrying a current in the positive y-direction as shown in the figure , the wire 
is located in a uniform magnetic field oriented in such a way that the magnetic force on 
the wire is maximized toward the negative x-direction , 
what is the direction of magnetic field ? 

 

a) negative y-direction                
b) positive x-direction 
c) positive z-direction                
d) negative z-direction 

 

8) In the figure shown , what is the direction of the magnetic force on the wire ? 
 

a) positive x-direction 
                

b) negative x-direction 
 

c) positive z-direction 
                

d) negative z-direction 
 

 

. It is placed on a horizontal (24 )Acarries a current of  (2.0 )m9) A straight wire of length
with the  (30 )otabletop in a uniform horizontal magnetic field. The wire makes an angle of 

what is the  (0.5 )Nmagnetic field lines . If the magnitude of the force on the wire is 
magnitude of the magnetic field ? 

23.2 10 T−× d)                       21.1 10 T−×c)                       24.2 10 T−×b)                    22.1 10 T−× a) 
and horizontally is placed  (3.41 )Aa current of ies carr (10 )cmof  length 10) A straight wire 

in positive  (0.22 )T field of direction , if a magnetic-with positive x (10 )oan angle of  makes
y-direction acting on the wire . What is the magnitude and the direction of that magnetic force ? 

27.39 10 ( )N z−× −d)             27.39 10 ( )N z−× +c)            21.30 10 ( )N z−× −b)         21.30 10 ( )N z−× +a)  

5) –(7  τ Carrying Loop-Currenton a  Torque        
 

siniABτ θ= 
A : Area of the loop 

 
.N m : τunit of  

 the plane of loop) to normal( n̂and unit vector  B


angle between :  θ  
 
* In case of coil with several ( N ) turns :  

sinNiABτ θ= 
(2)Right hand rule   : n̂irection of D - 

Fingers bend with current . 
as shown in the figure . n̂ withhe thumb T 
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max iABτ =   ˆ( 90 )o between B and nθ =


:  to the plane of loopparallel is  ( )B


 
      
    
            

 
min 0τ =   ˆ( 0 180 )oor between B and nθ =



to the plane of loop :  is normal ( )B


 
 
 
 
 
 

 

, if the  (0.4 )Tis placed in a uniform magnetic field  2(0.05 )mrea of a with) A wire loop 28Q
: in the following casestorque  magnitude of thealculate the C, (10 )Acurrent in the loop is  
 
 
 
 
 
 

 
 

flowing in the  (2.0 )mA) A rectangular coil with (20) windings carry a current of 29Q
counterclockwise direction . It has two sides that are parallel to the y-axis and have length 

. A uniform (6.0 )cmaxis and have length -and two sides that are parallel to the x (8.0 )cm
direction . Calculate the magnitude of the -acts in the positive x(50 )Tµmagnetic field of 

torque must be applied to the loop to hold it steady ? 
 

 (6.0 )mm) Twenty loops of wire are tightly wound around pencil that has a diameter of 30Q
magnetic field, as shown in the figure . If a  (5.0 )T. The pencil is then placed in a uniform 

.present in the coil of wire  current is (3.0 )A 
What is the magnitude of the torque on the pencil ? 

 
 

 
 

has (100) turns of wire and carries a current  (10 )cm ) A circular coil with a radius of31Q
 rotate in a region with a constant horizontal magnetic field given by. It is free to (100 )mA

with  (30 )onormal vector to the plane of the coil makes an angle of  unit. If the ˆ(0.01 )B T x=


the horizontal : 
1) Calculate the magnitude of the torque acting on the coil ? 

 
 

,  (5.0 )cm) If the radius of the loop is decreased to 2 
what should the number of turns be for the torque to 

stay the same . ( , , )i B θthat assumeremain unchanged ,  
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 Q32) A coil of wire consisting of (40) loops with width (16cm) and height  

 ˆ ˆ0.065 0.25B x z = + 


(30cm) is placed in a constant magnetic field given by  
and a current of (0.2A) runs through the wire : 
1)  Calculate the magnitude of the torque on the coil . 

 
 
2) Calculate the magnitude of the force on the segment (ab) of the coil . 

 
 
 

Q33) Choose the correct answer in the following :  
(47) windings . A current  and has (5.13 )cm1) A coil is composed of circular loops of radius

 (0.911 )Tflows through the coil , the coil is placed in a magnetic field of magnitude  (1.27 )A
What is the maximum torque on the coil due to the magnetic field? 
a) 0.148 N.m            
b) 0.211 N.m          
c) 0.350 N.m          
d) 0.450 N.m  
2) The top view of a current loop in a constant magnetic field as shown  
in the figure , the torque on the loop will cause it to rotate : 
a) clockwise                          
b) counterclockwise    
c) not rotate                           
d) not at all 

 
 غیر مطلو�ین . (7 – 7)و درس   (6 – 7)درس 

 
Applications of the magnetic force acting on the wire 

The Electric motor 
A device that converts electrical energy into kinetic, such as a washing machine, fan ……….  
The components : 
1) A coil   
2) A magnet  
3) A commutator 
The commutator consists of a split ring .   
The function of the commutator is to reverse the direction of 
the current in the loop every half periodic time until the rotation 
continues in the same direction .  
(The direction of current changes two times for every one rotation of the loop) 
Working principle : 
The two ends of the coil perpendicular to the field are affected by two forces of equal 
magnitude and opposite directions forming a torque that rotate the coil around an axis . 

 

 

 7انتهت الوحدة 


