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Electromagnetic Induction 

When a magnet is moved into and out of the solenoid, magnetic flux 
is being cut by the coil.The cutting of magnetic flux by the wire coil 
induces an e.m.f in the wire.When the solenoid is connected to a 

closed circuit, the induced current will flow through the circuit. 

The direction of the induced current and the magnitude of the 
induced e.m.f due to the cutting of the magnetic flux can be 

determined from Lenz's Law and Faraday's Law. 

Factors affecting the magnitude of the induced emf is given by 
Faraday's Law 

Faraday's Law states that the magnitude of the induced e.m.f is 
directly proportional to the rate of change of magnetic flux through a 

coil or alternatively the rate of the magnetic flux being cut. 

Determining the direction of the induced current is given by  

Lenz’s Law 

Lenz's Law states that the induced current always flows in the 

direction that opposes the change in magnetic flux. 

Fleming’s Right Hand Rule 

Fleming's Right-Hand Rule is 
used to determine the direction of 
the induced current that flows 
from the wire when there is 
relative motion with respect to the 

magnetic field 

Direct Current Generator 

 

A simple d.c generator essentially the converse of a d.c. motor with 

its battery removed. 

Instead of connecting the carbon brushes to the power supply, the 
power output is taken from the carbon brushes. The coil is rotated 
in the direction shown. As the field lines are cut by the coil, an emf 
is induced and a current is produced. As the split rings are 
reversing the direction of the current in the coil for every half cycle 
the output is a d.c. current. The voltage output can be showed as 
follows. 
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DC Generator - Display of the Voltage in a CRO 

 

 Initially the armature is vertical. No cutting of magnetic flux 

occurs and hence induced current does not exist. 

 When the armature rotates, the change in flux increases and 

the induced current correspondingly increases in magnitude. 

 After rotating by 90°, the armature is in the horizontal 

position. The change in magnetic flux is maximum and 

hence the maximum induced e.m.f is produced. 

 When the armature continues to rotate, the change in flux 

decreases. At the 180° position, there is no change in flux 

hence no induced current exists.The induced current is 

achieves its maximum value again when the armature is at 

270°. After rotating 360°, the armature returns to its original 

position. 

Alternating Current Generator 

D.C generator can be modified to an a.c generator by replacing its 
commutators with two (separate) slip rings. The two slip rings rotate 
in cycle with the armature. Carbon brushes connect the armature to 
the external circuit. The armature is initially at the vertical position. 
No magnetic flux is cut and hence no induced current exists. 
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When the armature rotates, the magnetic field lines are cut by the 
coil and an emf is induced in the coil. This produces and induced 
current and the induced current increases until its maximum value 
at the horizontal position. The direction of the induced current can 

be determined from Fleming's Right Hand rule. 

As the armature continues on its rotation, the cutting of the filed 
lines decreases until the coil reaches the vertical position, no 
induced current exists. Subsequently upon reaching the horizontal 
position again, the induced current is maximum, but the direction of 

the induced current flowing through the external circuit is reversed. 

The direction of the induced current (which flows through the 
external circuit) keeps changing depending on the orientation of the 
armature. This induced current is also known as alternating current. 
The current is positive (+) in one direction and negative in the other 
(-). The smooth slip rings play a critical role in the generation of 
alternating current. 

The slip rings are not only used to take the output, they also helps 

the coil to rotate freely from tangling.  

 The induced emf can be increased in several ways 

 Increasing the number of turns in the coil 
 Increasing the strength of the magnets used 
 Rotating the coil faster 

The voltage output of the a.c. generator can be represented in the 
graph format. The following diagram shows the voltage output of an 

a.c. generator when it is connected to a CRO. 

 

Generator - Display of the Voltage in a CRO 

 

 The armature is initially at the vertical position. No magnetic 
flux is cut and hence no induced current exists. 

 When the armature rotates, the change in magnetic flux 
increases and the induced current increases until its 
maximum value at the horizontal position. 

 As the armature continues on its rotation, the change in 
magnetic flux decreases until at the vertical position, no 
induced current exists. 

 Subsequently upon reaching the horizontal position 

again, the induced current is maximum, but the direction of 
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the induced current flowing through the external circuit is 
reversed. 

 The direction of the induced current (which flows through the 
external circuit) keeps on changing depending on the 
orientation of the armature.  

 This induced current is also known as alternating current. 
The current is positive (+) in one direction and negative in 
the other (-). The slip rings play a critical role in the 

generation of alternating current. 

Direct current and Alternating Current 

Direct Current 

Direct current is uniform current flowing in one fixed direction in a 
circuit. 

The magnitude of a direct current can be either uniform or varying 

with time. 

Direct current (d.c) is usually supplied by acid-based batteries or 

dry cells. 

Alternating Current 

Alternating current is a current which changes its direction 

periodically in a circuit. 

Alternating current (a.c) is generated from alternating current 
generators such as hydroelectric power generators. Its magnitude 

also changes with time. 

 

Transformer 

Transformer is a device that is used to raise or lower down the 
potential difference of an alternating current. The function of a 
transformer is to increase or decrease the potential difference of an 

alternating current supply. 

 
 

Primary Circuit: 

 
The primary circuit is the circuit that connected to the input energy 
source. The current, potential difference and coil (winding) in the 
primary circuit are called the primary current (Ip), primary potential 
difference (Vp) and primary coil respectively. 
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Core: 

The core is the ferromagnetic metal wound by the primary and 
secondary coil. The function of the core is to transfer the changing 
magnetic flux from the primary coil to the secondary coil. 

Secondary Circuit: 

The secondary circuit is the circuit that connected to the output of 
the transformer. The current, potential difference and coil (winding) 
in the secondary circuit are called the secondary current (Is), 

secondary potential difference (Vs) and secondary coil respectively. 

Working Principle of A Transformer 

 A transformer consists of a primary coil and a secondary coil 

wound on a soft iron core. 

 When an alternating current flows in the primary coil, a 

changing magnetic flux is generated around the primary coil. 

 The changing magnetic flux is transferred to the secondary 

coil through the iron core. 

 The changing magnetic flux is cut by the secondary coil, 

hence induces an e.m.f. in the secondary coil. 

 The magnitude of the output voltage can be controlled by 

the ratio of the number of primary coil and secondary coil. 

Types of Transformer 

Step-up transformer 

A step-up transformer is one where the e.m.f. in the secondary coil 

is greater than the e.m.f. in the primary coil.  

The number of windings in the secondary winding is greater than 

the number of windings in the primary coil. 

Step-down transformer 

Conversely, a step-down transformer is one where the e.m.f. in the 
secondary coil is less than the e.m.f. in the primary coil.  

The number of windings in the primary winding is greater than the 
number of windings in the secondary coil.  

Calculation of Potential Difference Change 
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Calculation of Current Change 

 

Types of Current in a Transformer 

The current in the primary circuit must be alternating current 
because alternating current can produce changing magnetic flux. A 

changing magnetic flux is needed to induce e.m.f. in secondary coil. 

The induced current in secondary is also an alternating current. The 
frequency of the alternating current in secondary coil is same as the 

frequency of the primary current. 

A transformer will not work with a d.c. as it does not produce a 

changing magnetic flux. 

 

Methods to increase the efficiency 

Use thick copper wires of low resistance.  

Use coolant to decrease the temperature of the transformer. 

Use a soft iron core that is easily magnetized and de-magnetized.  

Use a laminated iron core whereby each layer is insulated with 

enamel paint to prevent the flow of eddy currents  

The heating effect of current in a coil 

Power is lost as heat (I2R) whereby I is the current flowing through 

the coil and R is the resistance of the coil 

Magnetization of the iron core 

The energy used in the magnetization and de-magnetization of the 
iron core each time current changes its direction is known as 
hysteresis. This energy is lost as heat which subsequently heats up 

the iron core. 

Heating effect of induced eddy currents 

In the iron core, when the magnetic field in the iron core fluctuates, 

eddy currents are generated in the iron core. 

Flux leakage 

Some of the induced magnetic flux from the primary coil is not 
transmitted to the secondary coil, therefore the e.m.f in the 

secondary coil is decreased.  


