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Magnetism 
• Magnetic poles always appear in pairs (dipole). 

No single pole or monopole exists. 

• These poles are of opposite polarity called 
north and south poles (after the convention 
used to describe the compass) 

• There is attraction and repulsion pattern 
between the poles which is analogous to that 
of the electric charges. 

• Like poles repel and unlike poles attract. 

• Magnetism is produced by electric current or 
orbiting atomic electrons. 

 



The field lines for the magnetic field of a short 
bar magnet. 



Electromagnetism 
• Experiments shows that there is a connection 

between the electrical properties of objects and 
how they respond to magnetic fields 

• Electromagnetism is thus the study of the 
interactions between electrically charged particles 
and magnetic fields. 

• For an electrically charged particles moving in a 
magnetic field, the magnetic force F experienced is 
directly proportional to the particles’ charge q and 
speed v , provided the velocity vector is 
perpendicular to the magnetic field B such that 

•                        and                             if the v and B are   
      not perpendicular 
 



The right hand force rule for moving 
charges 

• This rule states that “when the fingers of the 
right hand are pointed in the direction of v 
and then curled toward the vector B, the 
extended thumb points in the direction of F 
for a positive charge. (for a negative charge, 
the force is in the opposite direction). 

+q 

v 

N 

S 



exercise 

• A particle with a charge of -5.0 X 10-4C moves 
at a speed of 1.0 X103 m/s in the +x direction 
toward a uniform magnetic field of 0.2 T in 
the +y direction. (a). What is the force on the 
particle just as it enters the magnetic field?   

• (b) what is the direction of the force? 



Magnetic fields around current carrying wires 

• Magnetic field at a perpendicular distance d 
near a long, straight wire carrying a current I is 
given by  ; 

 

 the direction of B is given by the right hand 
source rule 

“if a current-carrying wire is grasped with the 
right hand with the extended thumb pointing in 
the direction of the current I, the curled fingers 
indicate the circular sense of the magnetic field 
direction”.   



Magnetic field at the center of a 
circular current- carrying wire-loop 

• At the center of a circular loop of wire of 
radius r carrying a current I, the magnitude of 
B is given by: 

•  the direction of B is also given by the right 
hand source rule. 



Solenoid 
• A solenoid is a long wire wound in a tight coil, 

or helix (many circular loops). If the radius of 
the loops is small compared to the length L of 
the coil, B is parallel to the solenoid’s 
longitudinal axis. If the solenoid has N turns 
(loops) and carries a current I, the magnetic 
field at the center is given by 

                     

  If n=N/L is the number of turns per unit length, 
then                          at the center of the solenoid 



Electromagnets and magnetic permeability 

• Electromagnets are made by wrapping a wire 
around an iron core.  

• The current in the coil creates a magnetic field in 
the iron. When the current is switched on and 
off, the magnetic field is also switched on and off. 

• The iron thus used in an electromagnet is called 
soft iron. The word soft does not refer to the 
metal’s mechanical hardness. 

• When the electromagnet is on, the total field at 
the center of the iron-core solenoid is given as 



• µ is related to µ0 by        µ=Km µ0   

Here, Km is called the relative permeability and it 
is the magnetic analogue of dielectric 
constant. 

In vacuum Km = 1 

A core of a ferromagnetic material with a large 
permeability in an electromagnet can enhance 
its field thousands of times. 

 

 



Permanent magnets 

Iron that retains some magnetism after being in an 
external magnetic field is called hard iron and are 
used for making permanent magnets. 

Permanent magnets are produced by heating 
pieces of some ferromagnetic material in an oven 
and then cooling them in a strong magnetic field 
to get magnetic effect. 

 Permanent magnets can be demagnetized by 
hitting it with a hard object or dropping it on the 
floor. 

Heating can also cause a loss of magnetism 
 



Magnetic forces on current carrying wires 

• A current can be thought of as positive 
charges moving in a straight wire of length L. 

• From                      (for the case where q and v are perpendicular} 

• If                is the sum of all the moving charges 
with a velocity v=L/t then 

 

 

• In general, the force on a length of current-
carrying wire in a uniform magnetic field is 
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The right hand force rule for current 
carrying wire 

• When the fingers of the right hand are 
pointed in the direction of the 
conventional current I and then curled 
toward the vector B, the extended 
thumb points in the direction of the 
magnetic force on the wire 



Exercise 

• Show that if two long, parallel wires are 
seperated by a distance d and carry currents 
I1 and I2 in the same direction, the magnetic 
force experienced by each due to the 
presence of the other is equal and opposite. 



Torque on a current-carrying 
loop(motor) 

Consider a rectangular current carrying loop in a 
magnetic field as shown below 

 

 

 

When the current flows parallel to the field F=0 

At other points, forces on the sides are equal 
but opposite. 

Net torque on the loop from both forces is the 
sum of the two torques.   
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The quantity  IA=m  is the magnetic 
moment vector, thus we can write 

 sinmB

But if there are N turns in the loop 
then we have 

 sinNIAB

τ is the Torque on current carrying coil 



Applications of electromagnetism 

• The galvanometer 

• The dc motor 

• The cathode ray tube 

• The mass spectrometer 

• The electronic balance 

 



exercise 

• Read about the earth’s magnetic field 



Electromagnetic induction 

• In the last chapter we mentioned that electric current 
produces magnetic field 

• This chapter concerns itself with how magnetic field 
also generates electric current 

• The basis of modern day civilization is based on 
electromagnetic theory. Because the actual conversion 
of other forms of energy into electricity is via 
electromagnetic induction. 

• Electric current will be induced in a wire loop placed in 
a magnetic field if; 

1. the magnetic field changes with time or 
2. if the wire loop is made to move or rotate in the field 

 



• An induced emf is 
produced in a loop by 
changing the number 
of magnetic field lines 
passing through the 
plane of the loop 

• There is deflection in the 
galvanometer when the bar 
magnet is moved towards the 
loop and when it is withdrawn. 

• The same situation is true 
when the loop is moved 
towards the bar magnet and 
away from it. 

• In essence, the induced current 
depends on the relative motion 
between the loop and the 
magnet. 

• The associated emf is called 
the induced emf. 



• We define the magnetic flux φ as a relative 
measure of the number of field lines passing 
through a particular area (the area of the loop) 

• φ=BAcosθ ( B is the magnetic field and θ is the 
angle between the field and vector A which is 
perpendicular to the plane of the area). When 
the magnet is perpendicular to the loop, θ is 
zero. 

• Note: 



• If B and A are parallel (θ=0), then the magnetic 
flux is positive and a maximum =+BA; 
maximum no of field lines pass through the 
loop. 

• If B and A are opposite (θ=180), then magnetic 
flux is a maximum again but of opposite sign =-
BA 

• For B and A perpendicular, there are no field 
lines passing and magnetic flux=0  (θ=90) 

• For θ less than 90 but greater than 0, the 
magnetic flux is less than maximum. 



Faraday’s law of induction and Lenz’s law 
• According to Faraday’s law of induction, the 

induced emf in a coil of N turns is given by 

 

• The negative sign is introduced in order to be 
consistent with Lenz’s law “an induced emf in 
a metal loop or coil gives rise to a current 
whose magnetic field opposes the change in 
magnetic flux that produced it. 

• Putting the expression for the magnetic field 
we have; 



Generators 
• A generator (also called an alternator) is a device 

that converts mechanical energy into electrical 
energy. 

• This is a reverse function of a motor that converts 
electrical energy into mechanical energy. 

• It consists primarily of a wire loop (called 
armatures) which is mechanically rotated in a 
magnetic field by some external means. 

• The rotation of the loop causes the magnetic flux 
through the loop to change, and a current is 
induced in the wire. 



• The loop is rotated with angular velocity ω, the 
angle θ between the magnetic field vector and 
the area vector perpendicular to the plane of 
the loop changes with time. θ= ωt 

• Thus we have 

• And the Faraday’s law of electromagnetic 
induction becomes 

• Differentiating we have 

 

• Putting                   we have (ε0 is the amplitude) 
 



Back emf of a motor 
• A motor converts electrical energy into 

mechanical. 

• During the process an induced emf is also 
generated called back emf which is opposite in 
polarity to the applied voltage hence tends to 
counter the supplied voltage. 

• For a motor with a coil of internal resistance R; 

• From Ohm’s law                         and 

 

 



Importance of the back emf 

• Normally a motor turns a mechanical load. 

• If there is no load, the armature speed will 
increase until the induced emf almost equals 
the supplied voltage (what happens?) 

• The larger the load, the slower the armature 
will rotate and the smaller the back emf will 
be. The back emf may be reduced so much 
that the current becomes large enough to 
burn out the coils.  



Transformers 
• In power transmission, one seeks to transmit 

at the highest possible voltage & lowest 
possible current to reduce energy dissipation 
as a result of the resistance  (H=I2R) of the 
conducting wire.  

• At the same time the end users need low 
voltage and high current hence the need to be 
able to raise(for transmission) and lower (for 
use) the ac voltage in a circuit keeping the 
power constant. The device for this is called 
transformer. 

 



• A simple transformer consists of two coils of 
insulated wire wound on the same (closed) iron 
core. 

• When ac voltage is applied to the input coil, or 
primary coil, the alternating current gives rise 
to an alternating magnetic flux that is 
concentrated in the iron core. 

• The induced voltage in the secondary coil 
differs from the voltage in the primary coil 
depending on the ratio of the numbers in the 
two coils. 

 



• The relationship between the voltage and 
current in the two coils and their number of 
turns is given by       

                                       - transformation of voltage                                     

If              -  it is a step up transformer and                         
if               it is a step down transformer 

• But power is constant in both the primary and 
secondary coils thus, 

                                        -  transformation of 
current. 

 



exercise 

• A transformer has 50 turns on its primary coil 
and 100 turns on its secondary coil. (a). If the 
primary is connected to a 120 volt source, 
what is the voltage output of the secondary? 
(b). If the transformer is operated in reverse 
and the 120 volt input is applied to 100 turn 
coil, what would be the voltage output? 



exercise 
• A small hydroelectric power plant produces 

energy in the form of electric current at 10A and a 
voltage of 440V. The voltage is stepped up to 
4400V by an ideal transformer for transmission 
over 40 km of power line, which has a resistance 
of 0.50 Ω/km. (assume a single line transmission) 
(a.). What percentage of the original energy would 
have been lost in transmission if the voltage had 
not been stepped up. (b). What percentage of the 
original energy is lost with the voltage stepped up. 

• Hint: remember that the power of the transformer 
(IV) is constant ; power loss=I2R 



AC circuits 
• An ac circuits contains an ac source and one or 

more other circuit elements. 

• If the source output varies sinusoidally, the 
voltage across the resistor will also varies 
sinusoidally according to the equation 

 

• The voltage oscillates between the values  of 
+V0 and –V0. where V0 is the peak voltage 

• And the current can also be expressed as 



• The instantaneous power is given by 

 

• Because  I changes sign each half-cycle, 
average current      is zero but       is not.  So 
that 

• Using relevant trigonometric identity we can 
show that                               ; also 

• To write the ac power in the same form as the 
dc (P=I2R) the root mean square value is 
introduced such that 

 

 



• Irms is called the rms current or effective 
current 

• It can also be shown that the rms voltage of 
effective voltage is given by 

•                              is the voltage across a resistor 

• And   



A capacitive load 
 • The p.d across the capacitor is 

     

Also we have                                        

 

to find the current we differentiate 
q 

 

 

We then define a quantity called 
capacitive reactance 

And also noting that                    
hence, 

 

 

The voltage amplitude 
Vc and current 
amplitude Ic are 
related thus 
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AN INDUCTIVE LOAD 
 The potential drop across 

the inductor  

• Recall that                
hence p.d across 
inductor with current 
changing 

• Combining we have 

 

• To get i, we integrate 

  

 

And replacing  -cos(ωdt) 
with sin(ωdt-90) 
 

   for inductor 

t 



The series RLC circuit 
 • The alternating emf                       is now 

applied to the circuit containing R, L and C 
which are in series this implies that same 
current                           passes through all. 

                               (vC and vL) are opposite in 
direction 

 

 

The denominator is called the impedance Z 

 

 



The denominator is called the impedance Z 

       thus  

If we sub for XL and XC 

     ;  

 

• If XL > Xc then the circuit is said to be more 
inductive than capacitive 

• If XC>XL then the circuit is said to be more 
capacitive than inductive (    is negative) 

• If XC=XL the circuit is said to be in resonance,  

 



Power factor 
• In an RLC circuit, the only element that 

dissipates the energy is the resistor. 

• Power loss P=IVR =I2R 
•                                                  
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From the phasor diagrams 
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RLC power average 

(Series RLC power factor) 



RESONANCE 
 • Consider the eqn 

 

• I is max when  
 

 recall that this is same as     , the 
natural frequency of the circuit 
without external emf.  

 

 

At resonance; I is maximum 

At resonance the circuit is fully resistive 
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Sample problem 
• Solution 

 

In the above figure, R=200 
ohms C= 15 microfarad; 
εm=36V and L=230 mili 
Henry fd =60 Hz 

Q-1.  if L=0 find a), 
impedanze Z; b), phase 
angle and current I 



Sample problem/exercise 

Q-2.  in the problem 
figure;  

If C=0; find a). Z, b). 
Phase angle and c). 
The current I 

Q-3  in the problem figure;  

 find a). Z, b). Phase angle 
and c). The current I  for 
the RLC circuit. 

Q-4 given all the 
parameters, at what 
frequency f0 will the 
circuit be fully resistive? 

 



Sample problem 

• A series RLC circuit has aresistance of 50Ω, a 
capacitance of 6.00nF and an inductance of 
28.0mH. The circuit is connected to a wide-
range, adjustable-frequency voltage source 
with an output of 25 V (a) what is the 
resonance frequency of the circuit? (b) how 
much current is in the circuit when it is in 
resonance? (c) what is the voltage across each 
circuit element for this condition? 


