
Chapter 4: Electricity: Magnetic and Heating Effects  

1. Introduction: The Link Between Electricity and Magnetism 

• Observation: In an electric circuit where a wire is wrapped around an iron nail 
and connected to a battery, the nail acts like a magnet and can pick up iron 
paper clips when the current is ON. When the current is OFF, it drops the clips. 
This proves that a magnetic effect can be created without a permanent magnet, 
simply by using an electric circuit.  

2. The Magnetic Effect of Electric Current 

• The Compass Deflection Experiment (Activity 4.1): When a magnetic compass 
is placed beneath a conducting wire in an electric circuit, turning the switch 'ON' 
causes the compass needle to deflect from its original resting direction. Turning 
the switch 'OFF' makes the needle return to normal.  

• Reason for Deflection: A compass needle is actually a tiny magnet. The 
deflection indicates that the current-carrying wire exerts a magnetic effect on 
the compass.  

• Definition of Magnetic Field: The region around a magnet or a current-carrying 
wire where its magnetic effect can be felt (such as causing a compass needle to 
deflect) is called a magnetic field.  

• Core Definition: When electric current flows through a conductor, it produces a 
magnetic field around it. This phenomenon is known as the magnetic effect of 
electric current. The field disappears immediately when the current stops.  

• Historical Fact: This link between electricity and magnetism was discovered by 
Hans Christian Oersted (1777–1851), a Danish professor, in 1820. He 
accidentally noticed a compass needle deflecting whenever a nearby electrical 
circuit was opened or closed during a demonstration.  

3. Electromagnets and Their Properties 

• Definition: A current-carrying coil of wire that behaves as a magnet is called an 
electromagnet. For practical use, most electromagnets are built with an iron 
core (like wrapping the wire around an iron nail), which makes the magnetic field 
much stronger.  

• Poles of an Electromagnet: Just like a standard bar magnet, an electromagnet 
has two poles—a North Pole and a South Pole. If you place a compass near one 
end of an active electromagnet and the North pole of the compass is attracted to 
it, that end of the electromagnet is its South pole (since opposite poles attract).  



• How to Change the Strength: The strength of an electromagnet can be 
increased by: 

1. Increasing the amount of electric current flowing through the coil (e.g., 
using 2 or 4 cells instead of 1 cell).  

2. Increasing the number of turns (wraps) of the wire coil.  

• How to Change Polarity: The North and South poles of an electromagnet can be 
reversed simply by changing the direction of the electric current (reversing the 
battery terminals).  

• Real-world Applications: 

o Electromagnets are used in electric bells, motors, fans, and 
loudspeakers.  

o Lifting Electromagnets: Large, extremely strong electromagnets are 
attached to cranes. The operator turns the current ON to lift heavy 
iron/steel objects and turns it OFF to drop them. These are heavily used in 
factories and scrap yards for sorting and moving metals.  

Earth as a Magnet: Earth behaves like a giant magnet because the movement of liquid 
iron deep inside its core creates electric currents, generating a huge magnetic field. This 
field helps migratory birds, fish, and animals navigate, and shields the Earth from 
harmful space particles.  

4. The Heating Effect of Electric Current 

• The Nichrome Wire Experiment (Activity 4.5): Nichrome is a special type of 
wire with high resistance. When connected in a circuit and the current is 
switched ON for about 30 seconds, the nichrome wire becomes noticeably 
warm or hot.  

• Why Does it Heat Up? As current flows through any conductor, it faces 
opposition, known as resistance. Nichrome has much higher resistance than 
copper. This resistance causes some of the electrical energy to be converted into 
heat energy.  

• Definition: The warming up of a conductor when an electric current passes 
through it is known as the heating effect of electric current.  

• Factors Affecting Heat Generation: The amount of heat generated depends on: 

1. The material of the wire.  

2. The thickness of the wire.  

3. The length of the wire.  



4. The magnitude of the electric current (more cells = more heat).  

5. The duration for which the current flows.  

• Everyday Applications: This principle is used in incandescent lamp filaments 
(which glow when heated), electric room heaters, stoves, kettles, electric irons, 
immersion rods, and hair dryers. These devices contain a rod or coil called a 
heating element, which often glows red-hot when working.  

• Industrial Applications: Special high-temperature furnaces use electric current 
to generate massive amounts of heat to melt and recycle scrap steel.  

• Hazards and Safety: Unnecessary heating can cause energy loss in 
transmission wires, melt plastic parts of plugs and sockets, or even start fires. 
This makes it crucial to use properly rated wires, plugs, and safety devices in 
household circuits.  

5. How Does a Battery Generate Electricity? 

Cells and batteries generate electric current through internal chemical reactions.  

A. The Voltaic Cell (Galvanic Cell): 

• Structure: Contains two rods made of different metals, known as electrodes, 
which are partially submerged in a liquid called an electrolyte (usually a weak 
acid or salt solution).  

• Working: A chemical reaction between the metal electrodes and the electrolyte 
produces electricity. The current flows from the positive terminal to the negative 
terminal. Once the chemicals are used up, the cell becomes 'dead'.  

• DIY Lemon Cell (Activity 4.6): You can build a basic Voltaic cell using lemons 
(electrolyte), copper wires (positive electrode), and iron nails (negative 
electrode). Connecting several of these in series can generate enough current to 
light an LED.  

• History: Named after Alessandro Volta and Luigi Galvani. Galvani discovered 
that a dead frog's leg kicked when touched with copper and iron, attributing it to 
"animal electricity". Volta proved the electricity came from the reaction between 
the two metals and a liquid (which he tested with saltwater-soaked paper), 
leading to the invention of the first battery.  

B. The Dry Cell: 

• Advantage: Voltaic cells are liquid-filled and inconvenient. Dry cells solve this by 
replacing the liquid electrolyte with a thick, moist paste.  

• Structure: 



o A zinc container serves as the negative terminal.  

o A central carbon rod covered with a metal cap acts as the positive 
terminal.  

o The carbon rod is surrounded by the paste-like electrolyte.  

• Limitation: Dry cells are single-use; once the chemicals are consumed, they 
must be discarded.  

C. Rechargeable Batteries: 

• Properties: These batteries can be recharged and reused multiple times, 
preventing waste and saving money. However, they do not last forever and 
eventually wear out after many charge cycles.  

• Types and Uses: Ranging from small (phones, watches) to large (laptops, 
inverters, electric vehicles).  

• Lithium-ion (Li-ion) Batteries: The most common rechargeable battery today, 
relying on specific metals like lithium and cobalt.  

• Future Tech (Solid-state batteries): Scientists are developing batteries that 
replace liquid/paste electrolytes with solid materials. These will be safer, charge 
faster, and last longer.  

6. Environmental Awareness (E-Waste) 

• Battery Disposal: Even when a battery is "dead," it still contains valuable metals 
and toxic materials like acids, lead, cadmium, nickel, or lithium.  

• Hazards: Throwing them in regular garbage can cause fires or severe 
environmental harm.  

• Solution: Used batteries must be taken to special 'e-waste' recycling facilities so 
valuable materials can be recovered and toxic waste can be managed safely.  

 


