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UNIT-3 

ELECTRIC FAN 

If Electric fan rotates, blows away air around it towards the corners of room, and 
thus speeds up the evaporation process resulting in the cooling of human body and room. 

 

Components of electric fan: 

Capacitor: Start capacitor is used in electric fans, as we know capacitors stores energy 
and this stored energy is used to rotate the fan from rest state. This capacitor increases 
electric fan motor torque and allows motor to rotate rapidly. This capacitor stays in to circuit until 
only the electric fan reaches predetermined speed, this predetermined speed is usually the 
75% of the full speed of fan and when fan reaches the predetermined speed this capacitor 
is taken out of the circuit and will again be incorporated into circuit when fan comes at rest 
state. 

Axle: Axle or Shaft is the metallic rod mostly made up of mild steel. Axle is connected 
from ceiling to fan housing. It stays at rest motion while bearings supporting the housing 
over it rotate. It also as arrangement for transfer of current to the stator windings. 

Bearings: Ball bearings are used in the electric fan. Two bearings which are link between 
housing and axle give the rotary motion to the housing.  

Stator: Stator winding is simply the stationary winding in the electric fan motor winding. 
Stator winding means thousands of turns of conducting wire on any non-conducting 
structure like a coil. This winding has very low resistance. Main purpose of stator winding 
is to convert electric current into magnetic field. 

Rotor: Rotor in the electric motor is the permanent magnetic in the shape of half circles. 
Usually two pieces of Magnets are used in Electric fan but this can change to 3 pieces or 
to single pc depending upon size and capacity of electric fan.  

Housing: Housing is the outer part of the electric fan which carries stator, rotor and drive 
shaft bearing assembly on inside and blades on outer sides. 
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Blades or wings are the hanging part bolted on the oute r area of housing. Three blades are 
mostly used and their length and the angle of air throw depends upon the size and capacity 
of electric motor.  

Working principle of Electric fan: 

Electric fan works on the principle of conversion of electric energy into mechanical energy 
and in this case mechanical energy is the rotary motion. When AC is supplied to electric 
fan it first reaches the capacitor and Capacitor delivers high energy to the stator windings. 
When stator winding energizes, it develops the rotating  magnetic field and which forces 
the rotor to rotate in the direction of rotating magnetic field. 

In this way electrical energy is converted into mechanical energy which causes the 
rotor and the housing to spin and the blades attached to the house throws away the air 
nearby it while creating cooling effect. 

Servicing: 

Trouble  Cause  Remedy  
Fan 'dead'  a) Open circuit in the 

regulator.  
a) Check and repair if 
defective  

b) Common lead broken.  b) Check and rewire.  
c) Switch trouble.  c) Repair or replace.  
d) Faulty Capacitor.  d) Check and replace if 

defective  
Fan rotates 
with rough 
sound  

a) Defective bearings.  a) Replace the bearing.  

 b) Incorrect alignment of 
blades.  

b) Align the blades properly.  

Fan rotates but 
slow  

a) Under voltage.  a) Check  

 b) Weak Capacitor.  b) Check the capacitor by 
connecting to a.c. Supply and 
replace if defective  

 c) Burnt winding.  c) Check and rewind  
Fan 'hums'  a) Faulty Capacitor.  a) Check the capacitor by 

connecting to a.c supply and 
replace if defective  

 b) Stuck bearings.  b) Check and apply grease or 
replace  

 c) Burnt winding.  c) Check and rewind.  
Fan gets no 
speed 
regulation  

a) Regulator resistance 
shorted or faulty electronic 
regulator  

a) Replace the regulator 
resistance or regulator  

Fan vibrates 
while working  

a) Incorrect alignment of 
blades  

a) Align the blades properly.  

Fan rotates 
slow in reverse 
direction  

a) Faulty Capacitor  a) Check and replace.  
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 b) Reversed connection  b) Check and rewire.  
Electric shock 
on the fan body  

a) Bare live wire in contact 
with the metal body of fan  

a) Test with series test lamp 
set for ground. Locate the 
defective wiring and repair  

ELECTRIC IRON 

The electric iron box is a device used for to press the creases out of our garments. It 
contains a thermostat which control Iron doesn't get too hot if it's kept switched on and left 
unattended for a long period of time. An electric iron box depends on a basic combination 
of heat and pressure to remove creases from clothes. When an electric current is passed 
through a coil it gets very hot. This heat is then transferred to the base plate through 
conduction, which elegantly and exactly irons your clothes. However, if the iron is 
continuously drawing electricity from the power supply, the heating element continues 
getting hotter. This causes a lot of energy wastage, as an iron consumes a lot of electricity 
even in a few minutes, ruins your clothes, and in the worst cases, causes na sty accidents. 
Therefore, thermostat is essential that an iron box doesn't heat up to hazardous 
temperatures. 

 

The original thermostat conceived in the seventeenth century consisted of a float in 
a mercury thermometer tied to a damper cover. Whenever the  ambient temperature around 
the thermometer surpassed a certain limit, mercury would rise, displacing float such that it 
would close the damper. This premise led to the modern thermostats we use.  

Bimetallic strip:  

The thermostat in an iron, generally uses a bimetallic strip. The bimetallic strip is 
made up of two different type metals with dissimilar coefficients of expansion that are 
bonded together. This means that in the presence of heat, they expand differently. This 
bimetallic strip is connected to a contact spring through small pins.  

At moderate temperatures, the contact point remains in physical contact with the 
bimetallic strip, however, when the temperature of the iron exceeds a certain limit, the strip 
begins to bend towards the lower thermal expansion metal. As a result, the strip physically 
detached from the contact point, the circuit opens and current ceases to flow. After some 
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time, the temperature of the iron drops, the strip acquires its original shape, and the current 
reflowing again. So, a bimetallic strip 
works like a bridge to connect or disconnect 
the circuit. This cyclic on and off the iron 
keeps repeating until you switch off its 
power supply from the main electricity 
source. This is why your iron seems to the 
power on and off intermittently as you iron 
your clothes. 

Adding capacitor:  

Although a thermostat helps in 
regulating the temperature within safe 
limits, frequent making and breaking of  the circuit  causes the contact points to 
gradually wear out .  To prevent this, a capacitor is connected across two contact points. 
The role of the capacitor is to smooth out the electromagnetic interference.  

Servicing  
 Iron not working:  

The cord wire defective. Remove the cover of the three pin top and check the continuity of the 
three  wires. Change the cord if defective.  

 Thermostat is not making contact:  
Dismantle the iron and check by shorting the thermostat. If the contact is defective clean using 

emery  paper or replace it.  
 Element is burnt:  

Dismantle the iron and connect the supply to the ends of the element. If there is spark when 
connecting and if the element is heating up, it is not defective. If the element is defective, change it if 
replaceable.  

 There is shock on the iron body:  
Check the earthing and shorted wires.  

 Iron is sticking on the garments:  
Iron bottom is dirty. Clean the bottom using emery paper.  

 Iron is working, but the indicator does not glow:  
Check and repair the indicator bulb and its connections.  

 Fuse blown off as soon as the iron is switched on:  
Check for touching of wire ends in the plug top or touching of elements ends together. If so 

separate  and insulate them. Check the capacity of the fuse. If it is of low capacity replace it with 
correct one. 

ELECTRIC WATER HEATER 

The electric heaters used to heat up water are called electric water heater. It is of 
three types. (a) Normal Plate Heater, (b) Immersion Heater, (C) Geyser Heater. 

(a) Normal Plate Heater:  

It is used for heating a small amount of water, such as water for shaving, face washing etc. 
Its construction is very simple. It consists of two round shaped nickel plates separated by a gap of 
2 mm with an insulation. 
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Precautions about Normal Plate Heater 

i. This type of heater is very dangerous. While using this heater one 
should always keep on watching that it does not come into 
contact with any metallic substance. 

ii. Do never try to immerse your finger in the water to check the 
warmness of the water. 

(b) Immersion Water Heater:  

  The electric heater which is immersed in water for heating the water is called Immersion 
Heater. In market from 250 watt to 2.0 kilo watt immersion heaters are available. The body is made 
of metallic substance, and the heating element is made of copper which is installed inside a capillary 
tube. The tube is found in U or, coil shape. The capillary tube is filled with magnesium oxide works 
as insulator. Both the end of the tube is sealed.  The supply connection is given through 3 pin socket 
and plug.  

Precautions for Immersion Heater:  

i. Without immersing the water heater in water, supply cannot 
be given. 

ii. One should not touch the immersion rod when supply is ON. 
iii. Before removing the immersion rod from water it should be 

disconnect from the plug socket. 
iv. The water filled bucket should not be touched while the 

supply is ON. 
v. Except water no other liquid substance should be heated by 

immersion heater. 

(c) Geyser Heater:  

The basic principle of the water geyser is not very 
complex one. It is simple. Here electric heating element 
is used to heat up the water stored in a storage tank. The 
only deference from normal immersion type water 
heater, that it can automatically control the water 
temperature by controlling the operating period of the 
heating elements in geyser. It cannot be possible in 
normal immersion type water heater. 

Generally, Geyser heater is used for heating large 
quantity of water from 20 to 90 liters capacity of water. 
In the storage tank, one or two heaters are fixed. For supplying of cold or hot water, Specific 
pipe lines are fitted with the storage tank. That means there are inlet cold water and outlet hot 
water pipe. To control the flow of water, a valve is installed in the pipeline. To control the 
heat one thermostat switch is there. The switch gets automatically OFF to avoid misuse of heat. 
The entire body of the geyser is insulated. When the geyser storage tank is filled up, the water 
starts owing through an overflow pipe, and then the inlet valve gets automatically OFF. An 
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anode rod made of aluminum or magnesium is screwed in the storage tank to reduce corrosion 
of metal body. This is because the metal of anode rod is more sensitive to corrosive reactions 
than the metal of the body structure of the system. Body of the storage tank is generally made 
of steel. As aluminum or magnesium is corroded faster, it makes the water soften before 
it can corrode the steel. 

Servicing  
 Heater is not working.  

If there is power supply in the plug and the service cord is not defective, thermal cut out or 
thermostat is faulty. Test by shorting each and change the defective. If thermostat is not cutting 
off thermal cut out may open. Reset the thermal cut out after cooling. If there is no spark when 
the supply wires touching the heating element terminals directly, it is defective. Replace the 
element with same power.  

 Water is not heating well and indicator glows continuously.  
 Element is weak. If the current drawn by the element is low it is weak. Change it.  

 Indicator goes off before water is heating well.  
Thermostat is cutting off. Adjust its screw for the higher temperature.  

 High pressure steam forces out, opening the pressure release valve.  
 Thermostat is not cutting off and water changes to high pressure steam. Change the 
 thermostat.  

 Water leakage through inner tank.  
 Leakage may be through the packing below the element, doorplate packing, element 
 sheath, thermostat sheath. If the leak is through packing, change it. If the leakage is 
 through element or thermostat sheath, weld that point after removing door plate. If the 
 leak is through the sheath of open coil element, the element also may be damaged.  Check it 
and repair.  

 There is electric shock on the heater body  
Check the earthing. The body should be connected to the earth pin and power supply should be 
connected to earth. Wires are wet because of the leakage of inner tank. Check and repair.  

INDUCTION HEATER 

 

Working Principle 

The working principle of the induction heating process is a combined method of 
Electromagnetic induction and Joule heating. Induction heating process is the non-contact process of 
heating an electrically conductive metal by generating eddy currents within the metal, using 
electromagnetic induction principle. As the generated eddy current flows against the resistivity of the 
metal, by the principle of Joule heating, heat is generated in the metal. 
electromagnetic induction, changing the electric field in the conductor gives rise to an alternating 
magnetic field around it, whose strength depends on the magnitude of the applied electric field. This 
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principle also works vice-versa when the magnetic field is changed in the conductor. Now the 
principle of Joule heating is observed. According to this when a current is passed through a material 
heat is generated in the material. So, when current is generated in the material due to the induced 
magnetic field, the flowing current produces heat from within the material. This explains the process 
of non-contact inductive heating. 

Here a solid state RF frequency power supply is applied to an inductor coil and the material to 
be heated is placed inside the coil. When Alternating current is passed through the coil, an alternating 

When the material placed inside the 
inductor comes in the range of this alternating magnetic field, eddy current is generated within the 
material. 

Induction Heating Circuit Diagram 

The setup used for the induction heating process consists of an RF power supply to provide the 
alternating current to the circuit. A copper coil is used as inductor and current is applied to it. The 
material to be heated is placed inside the copper coil. By altering the strength of the applied current, 
we can control the heating temperature. As the eddy current produced inside the material flows 
opposite to the electrical resistivity of the material, precise and localized heating is observed in this 
process. Besides eddy current, heat is also generated due to hysteresis in magnetic parts. The electrical 
resistance offered by a magnetic material, towards the changing magnetic field within the inductor, 
cause internal friction. This internal friction creates heat. 

 

As the induction heating process is a non-contact heating process, the material to be heated can 
be present away from the power supply or submerged in a liquid or in any gaseous environments or 

t require any combustion gases. 

Induction Heating Formula 

The depth penetrated by eddy current into the material is determined by the frequency of the 
inductive current. For current carrying layers, the effective depth can be calculated as 

                                                             

Here D indicates depth (cm), the relative magnetic permeability of the material is denoted by  is 
the resistivity of the material in ohm-cm, f indicates AC field frequency in Hz. 
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Applications of Inductive Heating 

 Targeted heating for surface heating, melting, soldering is possible with the inductive heating 
process. 

 Besides metals, heating of liquid conductors and gaseous conductors is possible by inductive 
heating. 

 For heating of silicon in semiconductor industries, the inductive heating principle is used. 

 This process is used in inductive furnaces for to heat metal to its melting point. 

 As this is a contactless heating process, vacuum furnaces make use of this process for making 
specialized steel and alloys that would get oxidized when heated in the presence of oxygen. 

 Induction heating process is used for welding of metals and sometimes plastics when they are 
doped with ferromagnetic ceramics. 

 Induction stoves used in the kitchen works on the inductive heating principle. 

 For brazing carbide to shaft induction heating process is used. 

 For tamper resistant cap sealing on bottles and pharmaceuticals, the induction heating process is 
used. 

MICROWAVE OVEN 

Microwave oven is one of the most widely used household appliances. Most of homes and 
most of conveniences store, bakeries and restaurants have microwave oven. The reason is that it cooks 
food in an amazingly short amount of time. They are also extremely efficient in their use of electricity 
because a microwave oven heats only the food  nothing else.  

 

Main Components of Microwave Oven 

High Voltage Transformer: The microwave oven requires more power than the normal voltage that 
-up transformer with a high-voltage 

output is placed inside the oven. The 240V supply is jumped to a few thousand volts, which is then 
fed to the cavity magnetron. 
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Cavity Magnetron: A cavity magnetron is a high-powered vacuum tube that transforms the electrical 
energy into long-range microwave radiations, and hence it is the most important component of a 
microwave oven. 

Micro-controller: A microcontroller is something that enables communication between a user and a 
machine. It processes the instructions that a user gives to the microwave oven and also displays them 
on a seven-segment display or a LED screen, depending on the model of the oven.  

Wave Guide: As the name suggests, a waveguide is a hollow metallic tube that guides the waves 
).  

Cooling Fan: 
longevity. 

Operating Principle 

Microwave oven uses microwaves to heat food. Microwaves are radio waves. In the case of 
microwave ovens, the commonly used radio wave frequency is roughly 2,500 megahertz (2.5 
gigahertz). Radio waves in this frequency range have an interesting property: they are absorbed by 
water, fats and sugars. When they are absorbed they are converted directly into atomic motion and 
motion is converted into heat. Microwaves in this frequency range have another interesting property: 
they are not absorbed by most plastics, glass or ceramics. And metal reflects microwaves, which is 
why metals cause spark in a microwave oven. The reason that metal reflects microwaves is that no 

. It is 
possible because the frequency 2,500 megahertz is resonance frequency of water. Molecules of all 
food are consist of a dipole and have positive charge in one side and have negative charge in another 
side. If we put electromagnetic fields in this, all molecules are rearranged: +charge is to negative pole 
and charge is to positive pole. In this process heat is produced by friction. As the frequency of 
microwaves are 2,500 megahertz, the change in the direction of electromagnetic fields occur 
2,500,000,000 times in 1 second. Consequently the heat efficiency of a microwave oven is greatly 
high.  

The microwave ovens cook food from the inside out while in traditional method it happens 
from outside in. For example if we bake a cake, first, it burns outside then gradually inside. In 
microwave cooking, the radio waves penetrate the food and excite water and fat molecules pretty 
much evenly throughout the food. There is heat everywhere all at once because the molecules are all 
excited together.  

Advantages          

1. Cooking time is short   2. Destruction of nutrients is less  
3. No physical change of foods   4. Melting process is easy  
5. Sterilization effect exists  6. There is no flame, then treatment is easy  

Disadvantages 

1. Constraint with metal container  
2. Heat force control is difficult  
3. Water evaporation  
4. Closed container is dangerous because it could be burst  
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5. Surface toasting is impossible 

Servicing:  
 

 Check microwave is plugged in and the door is closed properly  
 

a faulty door switch.  
There are sparks inside the microwave (also called arcing).  

 Sparks can occur if you put foil or utensils in the microwave, if food splatters ignite, if a high-
voltage diode shorts out, or if a defective stirrer causes heat to concentrate in one area.  
The turntable is not rotating.  

 -aligned on the turning mechanism.  
 It may also be caused by a worn-out or split turntable drive bushing. Another issue that can 

cause this is a defective tray motor.  
 

 If your microwave is turning on but not heating your food, and you hear a loud buzzing noise, you 
could have a defective magnetron, capacitor, or diode.  
The touch pad only works intermittently.  

 
from properly selecting settings for your food. This means you will need to either replace or repair 
the touch pad to ensure proper function.  

REFRIGERATOR 

Refrigerator is a device used for refrigeration 
i.e. to maintain a system or body at a temperature 
lower than that of its surrounding (atmospheric 
temperature). Refrigerator is one invention that has 
certainly changed the way we live. It has made it 
possible for everyone to preserve food for days 
together. The cold temperature inside the 
refrigerator slows down the bacterial growth in 
food and thus preserves the food for longer.  

Working Principle 

Principle on how does a refrigerator 
work is pretty simple. Gases get hotter when 
you compress them into less volume because you have to work to push their energetic 
molecules together. When you expand a gas, it is suddenly able to occupy much more 
volume. The heat energy its molecules contain is now divided over a much bigger volume 
of space, so the temperature of the gas falls (it gets cooler). The other principle at work in 
a refrigerator is that when you have two things that are different temperatures that touch 
or are near each other, the hotter surface cools and the colder surface warms up. This 
happens between evaporator and refrigerant. This is a law of physics called the Second 
Law of Thermodynamics. 
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The compressor in the refrigerator compressing the vapor and rising its pressure and 
temperature, and pushes, it into the coils of the condenser on the outside of the refrigerator. 
When the hot gas in the coils of the condenser meets the cooler air temperature of the 
kitchen, it becomes a liquid. Now in liquid form at high pressure, the refrigerant cools 
down as it flows through the expansion valve into the evaporator coils inside the freezer 
and the fridge. The refrigerant absorbs the heat inside the fridge when it flows through the 
evaporator coils, cooling down the air inside the fridge. Last, the refrigerant evaporates to 
a gas due to raised temperature, and then flows back to the compressor, where t he cycle 
starts all over again. 

Construction and Parts 

A refrigerator consists of several components like Compressor, Condensers, Expansion 
devices, evaporator and some accessories for proper functioning like controls (temperature controlling 
devices), filters, defrost system etc. Every component performs their own function so it is necessary 
to assemble all in proper sequence.  

1. Compressor: 

Compressor is the most important part in any refrigerator. Without it the working of 
refrigerator is not possible. Compressor is a mechanical device which transfers mechanical energy to 
working fluids i.e. refrigerant. The function of the compressor is same as heart in human body i.e. 
heart pump blood in whole body same as compressor regulate the refrigerant in whole unit by 
increasing the pressure of the working fluid i.e. refrigerant. 

2. Condenser: 

Condenser is an important component of any refrigeration system. It is a type of heat 
exchanger. Refrigerant comes from compressor is at high temperature and pressure is cooled in 
condenser and then condensed by rejecting heat to an external medium. Condenser rejects the heat 
from working fluid (refrigerant) by means cooling coils made up of copper into the atmosphere. The 
refrigerant may leave the condenser as a saturated or a sub-cooled liquid.  

3. Throttling/Expansion devices: 

The basic functions of an expansion device are to reduce the pressure of working fluid which 
comes from condenser and goes into the evaporator. It also regulates the flow of refrigerant into the 
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evaporator and maintains the flow rate equal to the rate of evaporation in the evaporator. We can 
regulate and control the temperature of refrigerator using expansion devices by varying the opening 
as per our requirements.  

4. Evaporator:  

It is the storage space or freezer. Refrigerant comes from throttling device enters into the 
evaporator at very low temp and pressure. In evaporator refrigerant goes through cooling coils. In 
evaporator heat is absorbed by the refrigerant. Now cooling effect is produced inside the refrigerator. 
Due to this temperature of the refrigerant increases and liquid refrigerant expends and converts into 
vapour after that this refrigerant goes to the compressor.  

This cycle repeats continuously.  

5. Refrigerants: 

A special gas called the refrigerant is used in the vapor compression cycle of a 
refrigerator. It used to be CFC (chlorofluorocarbon). But due to environmental 
concerns with CFC, namely, the depletion of  ozone layer, the gas used nowadays is 
HFC-134a, also called tetrafluoroethane. The refrigerant passes through the various 
components of the refrigeration cycle. When the refrigerant enters into the evaporator, it absorbs 
heat from the storage space and evaporates. This process includes a phase change process which 
maximizes the cooling effect. 

6. Temperature controlling devices:  

These types of devices are used to control the temperature in the refrigerator. These devices 
are attached with expansion devices. A thermostat is attached to the evaporator which helps to 
maintain a specific temperature.  

Applications of Refrigerator  

Refrigerator maintains the lower temperature than that of its surroundings by absorbing heat 
from the refrigerated space and reject it into the surrounding. In past time the main use of refrigerator 
was only produce ice which is used for many purposes but now days the application of the refrigerator 
increases day by day as the new technology develops. Some major application of the refrigerator are 
given as follow  

1. Refrigerator is used in the processing and preservation of food items. 

2. Refrigerator is used in industrial applications like in chemical and petroleum industry. 

3. Refrigerator is used to Storage of Fruits and Vegetables 

4. Refrigerator is used to store the Meat and poultry in short term (0oC) and long term (-25oC) 
purposes.  

5. These are used to preserve Dairy Products milk, butter, ice crème, etc., for more time against 
bacterial growth.  

6. To enrich the taste and nutritional values of certain beverages like soft drinks, fruit juices, etc 
refrigeration is used : Some beverages like beer, wines and soft 

7. To preserve food items, chacholates, Candy etc.  
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8. In Construction, to avoid exothermic process of concrete chilled water is passed through pipes. 

9. It is used in Ice manufacturing.  

10. In medical science, refrigeration is used to store the Blood plasma and some antibiotics at low 
temperature. Some other  be stored at 
room temperature.  

Servicing:  
 Will not start  

 Fixing a fridge that will not start begins by checking the relay capacitor, the 
 temperature control, and the electronic control board.  

 Noisy  
 The refrigerator fan motor may be in need of replacing when it makes too much noise. 
 You may also notice the fridge is not as cool as it normally is.  

 Leaking  
If the fridge is leaking water, the problem could be a gasket, the water inlet valve (which supplies 
the fridge with dispensable water and ice), or even the ice maker itself.  

 Fridge and Freezer are too warm  
Temperature control is paramount for refrigerators. Check the evaporator fan motor, temperature 
sensor, or temperature control switch if your fridge or freezer is too warm.  

 Freezer or fridge too cold  
If your freezer is too cold, it may mean that you need to replace the temperature sensor or 
thermistor. It may also be that the air damper is letting in too much cold air, and needs fixing.  

 Not dispensing water  
A broken water inlet valve or water dispenser actuator could be to blame when water is not 

 
A broken water inlet valve or water dispenser actuator could be to blame when water is not 

 
 Light not working  

A fridge without a working light will usually mean one thing: you need a new light bulb or 
socket.  

 Door Sweating  
A door emitting water can be solved through a simple diagnosis. The gasket on the door could 
have a broken seal, or it could be in need of a new door assembly 

ILLUMINATION 

 As a body is gradually heated above room temperature, it begins to radiate energy in the 
surrounding medium in the form of electromagnetic waves of various wavelengths. The nature of this 
radiant energy depends on the temperature of the hot body. It is found that as body is gradually heated 
above room temperature, it begins to radiate energy in the surrounding medium in the form of 
electromagnetic waves of various wavelengths.  

The nature of this radiant energy depends on the temperature of the hot body. Thus, when the 
temperature is low, the radiated energy is in the form of heat waves only, but when a certain 
temperature is reached, light waves are also radiated out in addition to heat waves and the body 
becomes luminous. Further increase in the temperature produces an increase in the amount of both 
kinds of radiations but the colour of light or visual radiations change from bright red to orange, to 
yellow and finally, if the temperature is high enough, to white. As the temperature is increased, the 
wavelength of visible radiation goes on becoming shorter. It should be noted that heat waves are 
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identical to light waves except that they are of longer wavelength and hence produce no impression 
on retina. Obviously, from the point of view of light emission, heat energy represents wasted energy.  

When emitted light becomes white, i.e. it includes all the visible wavelengths, from extreme red to 
extreme violate, then a further increase in temperature produces radiations which are of wavelengths 
smaller than that of violate radiations. Such radiations are invisible and are known as ultra-violate 
radiations.  

ELECTRIC BULB 

Electric bulb refers to a device which produces light on the application of electricity. Such a 
bulb is certainly powerful enough to lighten up a dark place. The most common type bulb is the 
incandescent light bulb. The construction of lamp is quite simple. It has one filament surrounding 
which, a transparent glass made spherical cover is provided. A lamp emits light energy as the thin 
filament of lamp glows without being melted, while current flows through it. These types of light 
bulbs are the oldest and simplest form of bulb technology, dating back to Thomas 
experiments with filament types back in 1879.  

 

Working of Incandescent Bulb:  

An incandescent bulb works on the principle of incandescence (light produced by heat ). 
In an incandescent type of bulb, an electric current is passed through a thin metal filament, 
heating the filament until it glows and produces light. Incandescent bulbs typically use a 
tungsten filament because of tungsten's high melting point. A tungsten filament inside a light 
bulb can reach temperatures as high as 4,500 oF. A glass enclosure by vacuum, prevents oxygen 
in the air to reach the hot filament to avoid oxidation. After the electricity has made its way 
through the tungsten filament, it goes down another wire and out of the bulb via the metal 
portion at the side of the socket. It goes into the lamp or fixture and out a neutral wire. 
This is an elegantly simple system and it works quite well at producing light. It's perfect 
for a wide range of applications, cheap and easy to manufacture, and is compatible with 
either AC or DC current. 
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FLUORESCENT LAMP 

A fluorescent lamp is a low weight mercury vapour lamp that uses fluorescence to deliver 
visible light. An electric current in the gas energizes mercury vapor which delivers ultraviolet 
radiation through discharge process and the ultraviolet radiation causes the phosphor coating of the 
lamp inner wall to radiate visible light. Fluorescent lamps have been widely used in commercial 
buildings for decades, because they use considerably less power and last much longer than 

incandescent lighting. The normal luminous viability of fluorescent lighting frameworks is 50 to100 
lumens per watt, which is a few times the competence of incandescent lamps. However, due to their 
tubular design and cooler color temperatures, they have not been generally welcome in the home.  

COMPACT FLUORESCENT LAMP (CFL) 

The term 'CFL' stands for Compact Fluorescent Lamp. It is also known as compact 
fluorescent light, energy-saving light, and compact fluorescent tube. 

The CFL was initially designed to replace the incandescent lamp in terms of its compactness 
as well as energy efficiency. The basic construction of a CFL consist a tube which is curved or spiraled 
to fit into the space of an incandescent bulb, and compact electronic ballast in the base of the lamp. 
In older fluorescent lamps the ballast is located in the lamp, separate from the bulb, and causes the 
audible humming or buzzing, but in newer, compact fluorescent lamps (CFLs), the fluorescent tube 
is coiled into a shape similar to an incandescent bulb, the ballast is nested into the cup at the base of 
the bulb assembly and is made of electronic components that reduce or eliminate the buzzing sound. 

 

Working Principle:  

A CFL uses vacuum pipe which is principle wise same to the strip lamps (commonly known 
as Tube light). Tube has two electrodes on both ends which is treated with Barium. Cathode is having 
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a temperature of about 900° C and generates a beam of electrons which is further accelerated by 
potential difference between electrodes. These accelerated electrons strike Mercury and Argon atoms 
which in turn results in the arc, initiates radiation of Mercury in Ultra violet form. Tube's inside face 
contains 'Luminophore' whose function is to convert Ultra violet light into visible light.  

CFLs use about a quarter of the power that a typical incandescent bulb does. This means that 
a 13 watt bulb (a watt is a unit of power) produces the same high-quality light as a 60 watt 
incandescent. These bulbs have the same brightness of 800 lumens, therefore the CFL bulb 
accomplishes the same goal while using less power. CFLs are rated by energy use (in watts) and 
light output (in lumens), frequently in specific comparison with incandescent bulbs. Specific CFLs 
are configured for use with dimmer switches and three-way switches and in recessed fixtures. 

LEDS (LIGHT-EMITTING DIODES)  

LED stands for Light Emitting Diode. It is the fastest developing lighting technologies today. 
An LED bulb produces light by passing the electric current through a semiconducting material the 
diode which then emits photons (light) through the principle of electroluminescence. The fact that 
LED lights do not rely on heat to produce its light means it runs cooler and is much more energy-
efficient than an incandescent light bulb.  

LEDs are solid-state semiconductor devices that convert electrical energy directly into light. 
LEDs can be extremely small and durable; some LEDs can provide much longer lamp life than other 
sources. The composition of the materials determines the wavelength and therefore the color of light. 
LEDs can generate red, yellow, green, blue or white light and are widely used in traffic signals and 
for decorative purposes. White light LEDs are a recent advance and may have a great potential market 
for some general lighting applications. The average LED light bulb lifespan is 25,000 hours. This is 
much longer than the average incandescent bulb lifespan (1,000 hours) and the average CFL bulb 
lifespan (10,000 hours). 
most durable and long lasting. While LED bulbs are more expensive to purchase than their 

they last 
longer and consume less energy. 

White LED color temperature normally ranges from cool white to warm yellow, though LED 
lights tend to be cooler than other types of light bulbs.  
the light is, which means it produces a whiter light. When the color temperature is lower, the bulb 

 

They are also the most efficient lights on the market. Also called luminous efficacy
efficiency is a measure of emitted light (lumens) divided by power it draws (watts). A bulb that is 
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100 percent efficient at converting energy into light would have an efficacy of 683 lm/W. To put this 
in context, a 60- to 100-watt incandescent bulb has an efficacy of 15 lm/W, an equivalent CFL has 
an efficacy of 73 lm/W, and current LED-based replacement bulbs on the market range from 70-120 
lm/W with an average efficacy of 85 lm/W. 

EFFICIENCY OF APPLIANCES 

A  small  set  of  appl iances  such as  fans,  televisions, refrigerators, air-coolers, air 
conditioners, and water heaters contribute about 50-60% of the total residential electricity 
consumption in India. Large scale adoption of energy efficient  models  of these 
appliances can thereby significantly reduce future electricity consumption in homes. The 
government's Standards and Labelling (S&L) programme and three aspects of its 
effectiveness giving a proper rating for achieving efficiency in the Indian appliances 
market. 

The S&L programme is run by the Bureau of Energy Efficiency (BEE), under the 
Ministry of Power. Since 2006, the programme promotes efficient appliances through 
informative labels and by eliminating lower efficiency models through mandatory 
standards. BEE gives a 5-star rating to the most efficient models and a 1-star rating to the 
least efficient ones based on a predetermined schedule, communicated through a label 
affixed on the appliance. Eight appliance categories , including air-conditioners and 
refrigerators are mandated to carry these labels, and no model can be sold unless it 
meets the 1-star rating, at minimum. The programme is voluntary for 13 applianc e 
ca tegories ,  including cei l ing fans and washing  machines, and manufacturers can sell 
these models without BEE labels and with an efficiency less than a 1-star rating. 

Mandate and tighten standards: For any appliance, BEE starts with a voluntary S&L 
programme and usually makes it mandatory in two-three years. BEE's mandatory list 
has increased from two to eight and now covers most major appliances including, 
refrigerators and air-conditioners Ceiling fans and air-coolers are notable exceptions. 
More than 95% of the ceiling fans sold do not carry labels and consume more than twice 
the most efficient model available in India. The programme has been voluntary for ceiling 
fans since 2010. Air-coolers guzzle much more electricity and are increasingly becoming 
popular but have not yet been included in the S&L programme. Making a programme 
mandatory for an appliance category ensures that inefficient models are not sold in 
the market. 

Mandatory Appliances  Voluntary Appliances  
Frost Free Refrigerators  Induction Motors 
Tubular Fluorescent Lamps  Agricultural Pump Sets 
Room Air Conditioners  Ceiling Fans 
Distribution Transformers   Domestic LPG stoves  
Room Air  Conditioners 
(Cassette, Floor standing, 
Tower, C e i l i n g )   

Washing Machine 

Direct Cool Refrigerators Computer 
Colour TV Diesel engine moonset pumps for agriculture 
 Solid state inverters 
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 Diesel Generators 
 Variable capacity Air Conditioners 
 LED lamps 
BEE also periodically tightens the standards and labels to keep up with and 

promote the most efficient commercially available technologies. So, today's 5-star model 
may become a 3-star model in the next phase and more efficient models can get the new 
5-star tag. BEE has periodically tightened ratings for frost -free refrigerators and the 
current 5-star ratings are comparable with international standards, but the 1 -star rating 
still has a scope for  improvement. The ratings for air-conditioners on the other hand 
can be tightened further to align with the most efficient models available in India as 
well as abroad. 

IEC CODES 

The International Electro technical Commission (IEC) is an international standards 
organization that prepares and publishes international standards for all electrical, electronic and 
related technologies collectively known as electro technology. IEC standards cover a vast range of 
technologies from power generation, transmission and distribution to home appliances and office 
equipment, semiconductors, fiber optics, batteries, solar energy, nanotechnology and marine energy 
as well as many others. The IEC also manages four global conformity assessment systems that certify 
whether equipment, system or components conform to its international standards.  

All electro technologies are covered by IEC Standards, including energy production and 
distribution, electronics, magnetic and electro-magnetics, electro-acoustics, multimedia, 
telecommunication and medical technology, as well as associated general disciplines such as 
terminology and symbols, electromagnetic compatibility, measurement and performance, 
dependability, design and development, safety and the environment.  

EC standards have numbers in the range 60000-79999 and their titles take a form such as IEC 
60417. Graphical symbols for use on equipment. Following the Dresden Agreement with CENELEC 
the numbers of older IEC standards were converted in 1997 by adding 60000, for example IEC 27 
became IEC 60027. Standards of the 60000 series are also found preceded by EN to indicate that the 
IEC standard is also adopted by CENELEC. 

This Guide is based on relevant IEC standards, in particular IEC 60364. IEC 60364 has been 
established by engineering experts of all countries in the world comparing their experience at an 
international level. Currently, the safety principles of IEC 60364 series, IEC 61140, 60479 series and 
IEC 61201 are the fundamentals of most electrical standards in the world. 

INDIAN STANDARDS CODES 

In the field of electrical engineering, engineers and other professionals get exposed to 
electricity indirectly during generation, transportation, installation and usage. Such conditions might 
cause hazards if accurate safety measures are not taken. 

To promote the safety and the right usage of equipment, there are certain rules and regulations 
 

 Safety 
 Ease of use and adaptability 
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 Simple technology 
 Value for money products 
 Energy efficiency and environment 

BIS has published the following code of practice for public safety standards in order to promote the 
right to information, transparency and accountability in a proper manner to the public. 

Code of Practice for Electrical Wiring Installation 

 IS  
 Section  
 Application tion and erection of equipment,      

inspection and testing of wiring system 
Code of practice for Earthing 

 IS  
 Section  
 Application  

Lightning arrester for Alternating Current System 

 IS  
 Section  
 Application cation and testing procedure of Arrester 

Let us now consider other important codes of practice established by BIS for the purpose of 
 

General Requirements 

Sr. 
No. 

Standards & Application 

1 IS:900 Installation and maintenance of Induction motors 

2 IS:1271 Classification of insulating materials for electrical machinery 

3 IS:1646 Fire safety of buildings (general) electrical installation 

4 IS:1882 Outdoor installation of Public Address System (PAS) 

5 IS:1886 Installation and maintenance of Transformers 

6 IS:1913 General and safety requirements of electric lighting fittings 

7 IS:2032 Graphical symbols related to electrical technology 

8 IS:2274 Electrical wiring installations where system voltage is more than 658 volts 

9 IS:3034 Fire safety of industrial buildings (Electrical generation and distribution stations) 

10 
IS:3072 (part-1) Installation and maintenance of switchgear where system voltage is less 
than 1000 volts 

11 
IS:3106 Selection, installation and maintenance of fuse where system voltage is less than 650 
volts 
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12 IS:3638 Guide for gas operated relays 

13 IS:3646 Practice for interior illumination 

14 IS:3716 Guide for insulation coordination 

15 IS:3842 Guide for electrical relays for AC system 

16 IS:4004 Guide for lightening arrestors (non-linear ) for AC system 

17 IS:4146 Guide for voltage transformers 

18 IS:4201 Guide for current transformers 

19 IS:5571 Selection of electrical equipment in hazardous area 

20 IS:5572 Types of hazardous areas for electrical installations 

21 IS:5780  Intrinsically safe electrical apparatus and circuit 

22 IS:5908 Measurement of electrical installations in buildings 

Switchgear 

The following table lists down the codes of practice for the  

General Requirements 

Sr. 
No. 

Standards & Application 

1 
IS:375 Making and arrangement for switchgear bus-bars, main 
connections and auxiliary winding  

2 
IS:694(part-1)  PVC insulating cables with copper conductors (where 
voltage is up to 100v) 

3 IS:1248 Direct acting electrical indicating instruments 

4 
IS:2147 Degrees of protections for enclosures for switchgear and control 
gear (low voltage) 

5 IS:2208 Guide for HRC fuse (up to 650v) 

6 IS:3202 Guide for climate proofing of electrical equipment 

7 IS:3231 Guide for electrical relays of power system protection 

8 
IS:4047 Guide for heavy duty air break switches and fuses for voltage less 
than 1000v 

9 
IS:4237 Requirements for switchgears and control gears for voltage up to 
1000v 
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10 IS:5987 Selection of switches where voltage is up to 1000v 

11 IS:335 Insulating oil for transformers and switch gear 

12 
IS:2516(part-1,sec-2) AC circuit breakers (Tests for the voltage range 
1000v to 11000v) 

13 
IS:3427 Metal enclosed switch gear and control gear for voltage within 
1000v to 11000v 

14 IS:722 AC electricity meters for 415 volts 

15 IS:1951 PVC sleeving for electrical works 

16 
IS:2516(part-1sec-1 & part-2sec2) AC circuit breaker (Tests for voltage 
within 1000v) 

17 IS:2419 Guide for dimension of electrical indicating instruments 

Motor Control Centre (MCC) 

 

General Requirements 

Sr. 
No. 

Standards & Application 

1 
IS:1554(part-1) PVC insulated heavy duty electric cables for the voltage 
up to 1100v 

2 IS:1822 AC motor starters of voltage less than 1000v 

3 IS:2959 AC contactors of voltage less than 1000v 

4 
IS:3961(part-2) Recommended current ratings for PVC insulated and 
PVC sheathed cables 

5 
IS:5124 Installation and maintenance of AC induction motor starters 
within 1000v 

6 IS:2959 Guide for AC contactors of voltage less than 1000v 

Invertors 

The following table lists down the codes of practice for the  

General Requirements 

Sr. No. Standards & Application 

1 IS:391 Mains transformers for electronic equipment 
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Transformers 

The following table lists down the codes of practice for the maintenance of transformers  

General Requirements 

Sr. 
No. 

Standards & Application 

1 IS:335 Insulating oil for transformer and switch gear 

2 IS:2026 Power transformers 

3 IS:2099 High voltage porcelain bushings 

4 IS:3637 Gas operated relays 

5 IS:3639 Fitting and accessories for power transformers 

Motors 

 

General Requirements 

Sr. 
No. 

Standards & Application 

1 IS:325 3-ph induction motors 

2 
IS:4691 Degrees of protection provided by enclosures for rotating 
machinery 

3 IS:4722 Guide for rotating electrical machines 

Batteries 

 

General Requirements 

Sr. 
No. 

Standards & Application 

1 
IS:1652 Guide for stationery cells and batteries, lead-acid type with plante 
positive plates 
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Cables 

 

General Requirements 

Sr. 
No. 

Standards & Application 

1 IS:1753 Aluminum conductors for insulated cables 

2 IS:3961(part-2) Guide for current ratings for cable 

3 IS:3975 Guide for mild steel wires, strips and tapes for armoring cables 

4 IS:5819 Guide for short circuit ratings of high voltage cables 

5 IS:5831 Guide for PVC insulation and sheath of electric cables 

Alternators 

The following table lists down the codes of practice for the maintenance of alternators  

General Requirements 

Sr. 
No. 

Standards & Application 

1 IS:7132 Guide for testing synchronous machines 

2 IS:5422 Guide for turbine type generators 

3 IS:7306 Methods for determining synchronous machine quantities 
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