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Heat transfer is the exchange of thermal energy between physical systems. The rate of heat transfer is dependent on the temperatures of the systems and the properties of the intervening medium through which the heat is transferred.
The fundamental modes of heat transfer are:

Conduction or diffusion

The transfer of energy between objects that are in physical contact. Thermal conductivity is the property of a material to conduct heat and evaluated primarily in terms of Fourier's Law for heat conduction.

Convection

The transfer of energy between an object and its environment, due to fluid motion. The average temperature, is a reference for evaluating properties related to convective heat transfer.

Radiation

The transfer of energy by the emission of electromagnetic radiation.
The most common units of heat are BTU - British Thermal Unit, Calorie and Joule

Sponsored Links

The most common units for heat are:
BTU (Btu) - British Thermal Unit - also known as a "heat unit" in United States

Calorie

Joule

BTU - British Thermal Unit

The unit of heat in the imperial system - the BTU - is
the amount of heat required to raise the temperature of one pound of water through 1oF (58.5oF - 59.5oF) at sea level (30 inches of mercury).

1 Btu (British thermal unit) = 1055.06 J = 107.6 kpm = 2.931 10-4 kWh = 0.252 kcal = 778.16 ft.lbf = 1.0551010 ergs = 252 cal = 0.293 watt-hours

An item using one kilowatt-hour of electricity generates 3412 Btu.
one hundred thousand (105) Btu are called a therm

Calorie

A calorie is commonly defined as
the amount of heat required to raise the temperature of one gram of water 1oC

the kilogram calorie, large calorie, food calorie, Calorie (capital C) or just calorie (lowercase c) is the amount of energy required to raise the temperature of one kilogram of water by one degree Celsius

1 calorie (cal) = 1/860 international watthour (Wh)

1 kcal = 4186.8 J = 426.9 kp m = 1.163 10-3 kWh = 3.088 ft lbf = 3.9683 Btu = 1000 cal

Be aware that alternative definitions exists - in short: 
Thermochemical calorie  

4 °C calorie

15 °C calorie

20 °C calorie

Mean calorie

International Steam Table calorie (1929)

International Steam Table calorie (1956)

IUNS calorie (Committee on Nomenclature of the International Union of Nutritional Sciences)

The calorie is outdated and commonly replaced by the SI-unit Joule.
Joule

The unit of heat in the SI-system the Joule is
a unit of energy equal to the work done when a force of one newton acts through a distance of one meter

4.184 joule of heat energy (or one calorie) is required to raise the temperature of a unit weight (1 g) of water from 0oC to 1oC, or from 32oF to 33.8oF
A fuel is any material that can be made to react so that it releases chemical or nuclear energy as heat or to be used for work. The concept was originally applied solely to those materials capable of releasing chemical energy but has since also been applied to other sources of heat energy such as nuclear energy
	General types of chemical fuels

	
	Primary (natural)
	Secondary (artificial)

	Solid fuels
	wood, coal, peat, dung, etc.
	coke, charcoal

	Liquid fuels
	petroleum
	diesel, gasoline, kerosene, LPG, coal tar, naptha, ethanol

	Gaseous fuels
	natural gas
	hydrogen, propane, coal gas, water gas, blast furnace gas, coke oven gas, CNG


Solid fuel
Solid fuel refers to various types of solid material that are used as fuel to produce energy and provide heating, usually released through combustion. Solid fuels include wood (see wood fuel), charcoal, peat, coal, Hexamine fuel tablets, and pellets made from wood (see wood pellets), corn, wheat, rye and other grains. Solid-fuel rocket technology also uses solid fuel (see solid propellants). Solid fuels have been used by humanity for many years to create fire. Coal was the fuel source which enabled the industrial revolution, from firing furnaces, to running steam engines. Wood was also extensively used to run steam locomotives. Both peat and coal are still used in electricity generation today. The use of some solid fuels (e.g. coal) is restricted or prohibited in some urban areas, due to unsafe levels of toxic emissions. The use of other solid fuels such as wood is decreasing as heating technology and the availability of good quality fuel improves. In some areas, smokeless coal is often the only solid fuel used. In Ireland, peat briquettes are used as smokeless fuel. They are also used to start a coal fire.
Liquid fuels
Liquid fuels are combustible or energy-generating molecules that can be harnessed to create mechanical energy, usually producing kinetic energy; they also must take the shape of their container. It is the fumes of liquid fuels that are flammable instead of the fluid.
Most liquid fuels in widespread use are derived from the fossilized remains of dead plants and animals by exposure to heat and pressure in the Earth's crust. However, there are several types, such as hydrogen fuel (for automotive uses), ethanol, jet fuel and biodiesel which are all categorized as a liquid fuel. Emulsified fuels of oil-in-water such as orimulsion have been developed a way to make heavy oil fractions usable as liquid fuels. Many liquid fuels play a primary role in transportation and the economy.
Some common properties of liquid fuels are that they are easy to transport, and can be handled with relative ease. Also they are relatively easy to use for all engineering applications, and home use. Fuels like kerosene are rationed in some countries, for example available in government subsidized shops in India for home use.
Conventional diesel is similar to gasoline in that it is a mixture of aliphatic hydrocarbons extracted from petroleum. Kerosene is used in kerosene lamps and as a fuel for cooking, heating, and small engines. Natural gas, composed chiefly of methane, can be compressed to a liquid and used as a substitute for other traditional liquid fuels. LP gas is a mixture of propane and butane, both of which are easily compressible gases under standard atmospheric conditions. It offers many of the advantages of compressed natural gas (CNG), but is denser than air, does not burn as cleanly, and is much more easily compressed. Commonly used for cooking and space heating, LP gas and compressed propane are seeing increased use in motorized vehicles; propane is the third most commonly used motor fuel globally.
Gaseous fuels

Fuel gas is any one of a number of fuels that under ordinary conditions are gaseous. Many fuel gases are composed of hydrocarbons (such as methane or propane), hydrogen, carbon monoxide, or mixtures thereof. Such gases are sources of potential heat energy or light energy that can be readily transmitted and distributed through pipes from the point of origin directly to the place of consumption. Fuel gas is contrasted with liquid fuels and from solid fuels, though some fuel gases are liquefied for storage or transport. While their gaseous nature can be advantageous, avoiding the difficulty of transporting solid fuel and the dangers of spillage inherent in liquid fuels, it can also be dangerous. It is possible for a fuel gas to be undetected and collect in certain areas, leading to the risk of a gas explosion. For this reason, odorizers are added to most fuel gases so that they may be detected by a distinct smell. The most common type of fuel gas in current use is natural gas.
Biofuels

Biofuel can be broadly defined as solid, liquid, or gas fuel consisting of, or derived from biomass. Biomass can also be used directly for heating or power—known as biomass fuel. Biofuel can be produced from any carbon source that can be replenished rapidly e.g. plants. Many different plants and plant-derived materials are used for biofuel manufacture.
Perhaps the earliest fuel employed by humans is wood. Evidence shows controlled fire was used up to 1.5 million years ago at Swartkrans, South Africa. It is unknown which hominid species first used fire, as both Australopithecus and an early species of Homo were present at the sites. As a fuel, wood has remained in use up until the present day, although it has been superseded for many purposes by other sources. Wood has an energy density of 10–20 MJ/kg.
Recently biofuels have been developed for use in automotive transport (for example Bioethanol and Biodiesel), but there is widespread public debate about how carbon efficient these fuels are.
Fossil fuels

Fossil fuels are hydrocarbons, primarily coal and petroleum (liquid petroleum or natural gas), formed from the fossilized remains of ancient plants and animals by exposure to high heat and pressure in the absence of oxygen in the Earth's crust over hundreds of millions of years. Commonly, the term fossil fuel also includes hydrocarbon-containing natural resources that are not derived entirely from biological sources, such as tar sands. These latter sources are properly known as mineral fuels.
In electrical engineering, ground or earth may be the reference point in an electrical circuit from which other voltages are measured, or a common return path for electric current, or a direct physical connection to the Earth.

Earthing
What is Grounding or Earthing?

To connect the metallic (conductive) Parts of an Electric appliance or installations to the earth (ground) is called Earthing or Grounding.
In other words, to connect the metallic parts of electric machinery and devices to the earth plate or earth electrode (which is buried in the moisture earth) through a thick conductor wire (which has very low resistance) for safety purpose is known as Earthing or grounding.
To earth or earthing rather, means to connect the part of electrical apparatus such as metallic covering of metals, earth terminal of socket cables, stay wires that do not carry current to the earth. Earthing can be said as the connection of the neutral point of a power supply system to the earth so as to avoid or minimize danger during discharge of electrical energy.

A typical earthing electrode (left) at a home in Australia. Fig. 1. Note the green and yellow marked earth wire.
Need of Earthing or Grounding. Why Earthing is Important?

The primary purpose of earthing is to avoid or minimize the danger of electrocution, fire due to earth leakage of current through undesired path and to ensure that the potential of a current carrying conductor does not rise with respect to the earth than its designed insulation.

When the metallic part of electrical appliances (parts that can conduct or allow passage of electric current) comes in contact with a live wire, maybe due to failure of installations or failure in cable insulation, the metal become charged and static charge accumulates on it. If a person touches such a charged metal, the result is a severe shock.
To avoid such instances, the power supply systems and parts of appliances have to be earthed so as to transfer the charge directly to the earth.
Below are the basic needs of Earthing.
To protect human lives as well as provide safety to electrical devices and appliances from leakage current.

To keep voltage as constant in the healthy phase (If fault occurs on any one phase).

To Protect Electric system and buildings form lighting.

To serve as a return conductor in electric traction system and communication.

To avoid the risk of fire in electrical installation systems.
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Methods of Earthing | Types of Earthing

Earthing can be done in many ways. The various methods employed in earthing (in house wiring or factory and other connected electrical equipment and machines) are discussed as follows:

1). Plate Earthing:
In plate earthing system, a plate made up of either copper with dimensions 60cm x 60cm x 3.18mm (i.e. 2ft x 2ft x 1/8 in) or galvanized iron (GI) of dimensions 60cm x 60cm x 6.35 mm (2ft x 2ft x ¼ in) is buried vertical in the earth (earth pit) which should not be less than 3m (10ft) from the ground level.
For proper earthing system, follow the above mentioned steps in the (Earth Plate introduction) to maintain the moisture condition around the earth electrode or earth plate.
2). Pipe Earthing:
A galvanized steel and a perforated pipe of approved length and diameter is placed vertically in a wet soil in this kind of system of earthing. It is the most common system of earthing.
The size of pipe to use depends on the magnitude of current and the type of soil. The dimension of the pipe is usually 40mm (1.5in) in diameter and 2.75m (9ft) in length for ordinary soil or greater for dry and rocky soil. The moisture of the soil will determine the length of the pipe to be buried but usually it should be 4.75m (15.5ft).
3). Rod Earthing
 it is the same method as pipe earthing. A copper rod of 12.5mm (1/2 inch) diameter or 16mm (0.6in) diameter of galvanized steel or hollow section 25mm (1inch) of GI pipe of length above 2.5m (8.2 ft) are buried upright in the earth manually or with the help of a pneumatic hammer. The length of embedded electrodes in the soil reduces earth resistance to a desired value.
4). Earthing through the Waterman
In this method of earthing, the waterman (Galvanized GI) pipes are used for earthing purpose. Make sure to check the resistance of GI pipes and use earthing clamps to minimize the resistance for proper earthing connection.
If stranded conductor is used as earth wire, then clean the end of the strands of the wire and make sure it is in the straight and parallel position which is possible then to connect tightly to the waterman pipe.
5). Strip or Wire Earthing:
In this method of earthing, strip electrodes of cross-section not less than 25mm x 1.6mm (1in x 0.06in) is buried in a horizontal trenches of a minimum depth of 0.5m. If copper with a cross-section of 25mm x 4mm (1in x 0.15in) is used and a dimension of 3.0mm2 if it’s a galvanized iron or steel.
If at all round conductors are used, their cross-section area should not be too small, say less than 6.0mm2 if it’s a galvanized iron or steel. The length of the conductor buried in the ground would give a sufficient earth resistance and this length should not be less than 15m.
General method of Earthing / Proper Grounding Installation (Step by Step)

The usual method of earthing of electric equipments, devices and appliances are as follow:
First of all, dig a 5x5ft (1.5×1.5m) pit about 20-30ft (6-9 meters) in the ground. (Note that, depth and width depends on the nature and structure of the ground)

Bury an appropriate (usually 2’ x 2’ x 1/8” (600x600x300 mm) copper plate in that pit in vertical position.

Tight earth lead through nut bolts from two different places on earth plate.

Use two earth leads with each earth plate (in case of two earth plates) and tight them.

To protect the joints from corrosion, put grease around it.

Collect all the wires in a metallic pipe from the earth electrode(s). Make sure the pipe is 1ft (30cm) above the surface of the ground.

To maintain the moisture condition around the earth plate, put a 1ft (30cm) layer of powdered charcoal (powdered wood coal) and lime mixture around the earth plate of around the earth plate.

Use thimble and nut bolts to connect tightly wires to the bed plates of machines. Each machine should be earthed from two different places. The minimum distance between two earth electrodes should be 10 ft (3m).

Earth continuity conductor which is connected to the body and metallic parts of all installation should be tightly connected to earth lead.

At last (but not least), test the overall earthing system through earth tester. If everything is going about the planning, then fill the pit with soil. The maximum allowable resistance for earthing is 1Ω. If it is more than 1 ohm, then increase the size (not length) of earth lead and earth continuity conductors. Keep the external ends of the pipes open and put the water time to time to maintain the moisture condition around the earth electrode which is important for the better earthing system.
Electrical circuits may be connected to ground (earth) for several reasons. In mains powered equipment, exposed metal parts are connected to ground to prevent contact with a dangerous voltage if electrical insulation fails. Connections to ground limit the build-up of static electricity when handling flammable products or when repairing electronic devices. In some telegraph and power transmission circuits, the earth itself can be used as one conductor of the circuit, saving the cost of installing a separate return conductor.

For measurement purposes, the Earth serves as a (reasonably) constant potential reference against which other potentials can be measured. An electrical ground system should have an appropriate current-carrying capability in order to serve as an adequate zero-voltage reference level. In electronic circuit theory, a "ground" is usually idealized as an infinite source or sink for charge, which can absorb an unlimited amount of current without changing its potential. Where a real ground connection has a significant resistance, the approximation of zero potential is no longer valid. Stray voltages or earth potential rise effects will occur, which may create noise in signals or if large enough will produce an electric shock hazard.

The use of the term ground (or earth) is so common in electrical and electronics applications that circuits in portable electronic devices such as cell phones and media players as well as circuits in vehicles such as ships, aircraft, and spacecraft may be spoken of as having a "ground" connection without any actual connection to the Earth. This is usually a large conductor attached to one side of the power supply (such as the "ground plane" on a printed circuit board) which serves as the common return path for current from many different components in the circuit.

1] Fuses and circuit breakers "open" the circuit very quickly if the event of the live wire coming into contact with the metal cabinets of electrical equipment. This prevents exposed metal from staying "live" for very long and it can also prevent exposed metal from becoming "live" (because of the first earth fault, creating further earth faults, fires and mechanical movement).
[2] Earthing of the correct design, ensures that fuses and circuit breakers "open" very quickly in the event of an earth fault. Good earthing also ensures that all exposed metal remains at the same potential during an earth fault. When there there is not voltage difference between two pieces of metal or a piece of metal and the general mass of the earth (dirt, sand, mud, clay etc), no current will flow in the body of a person who touches two such items. Good earthing also ensures that the circuit opens before the "touch voltage" can reach about 50 Volts (depending on the country and state).
[3] Double Insulation consists of two layers of effective insulation. Substantial mechanical damage can be withstood before live parts become exposed. The power supply unit from which laptop computers are powered, are classic examples of double insulated equipment.
[4] Residual Current Devices (in very simple terms) protect against electric shock, by "opening" if the current in the earth wire or the body of a person, exceeds the set level. In UK houses, this current is 30mA and the RCD must open within 30ms. If they are of a reputable brand and are tested on a regular basic, they open in a much shorter time than 30ms.
NOTE You must not see an RCD as the primary anti-shock protection measure. Good earthing and bonding should be seen as the primary anti-shock protection during earth faults. An RCD is the only effective protection in an earthed situation, when you touch a live wire BUT most shocks are not caused this way --- they are caused by earth faults
What is Electricity?

Electricity is a form of energy. Through the movement of electrons, electricity has the power to heat, to light, to move things and to make things work.

Electricity travels along a circuit. When you plug something in and turn it on, you complete the electrical circuit from the power station to your home.

Electricity can flow through some materials easily, such as metal and water. These are called conductors. Other materials, such as rubber, plastic, glass and ceramics are called insulators because electricity does not travel easily through them.

An electrical current will flow to make a circuit. If something that conducts electricity gives it an easy path to the ground, it will take it. 

People are conductors of electricity as our bodies are mostly water. If you touch an electric circuit and the ground, or earth, at the same time, electricity will flow through you and this could be fatal.

Standard Low Voltage, Frequency and Plugs

Voltage and Frequency

There is no worldwide standard electricity mains voltage or frequency, so it is important to ensure that electrical appliances from other countries are able to be used safely .

Unless an electrical appliance or item has a multi-voltage option, it is necessary to use an adapter or converter for all other equipment.

Plugs

Power outlets in New Zealand use only a flat three or two-pin plug, depending on whether an earth connection is fitted. 
Typical three pin plug
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Electrical Safety Checklist

Within this checklist…

· Sockets and Switches 

· Cords 

· Lighting 

· Portable Electric Heaters 

· Electric Blankets 

· Large Appliances 

· Small Appliances 

· Residual Current Devices 

· Fuses and Circuit Breakers 

· Outdoors 

· Electrical Emergency
Keep your home and family safe. Do an electrical safety check in and around your home twice a year.

At the beginning of summer and winter, check each room in your home for electrical safety. Work through the attached lists below. Invest 10 - 20 minutes of your time now. It may save a life or prevent an accident in the future.

Make a note of any problems and make sure they are repaired.

Sockets and Switches

· Are all sockets, switches and multiboxes working properly with no damaged or broken plugs, sockets, light switches or light fittings? 

· Are all sockets and switches cool to the touch? 

· Do all electric plugs fit snugly into the sockets? 

· Are all multi-boxes placed up high, out of the reach of children? 

· Have you installed safety devices such as RCDs, shuttered sockets and recessed outlets? 

· Have you limited the number of appliances plugged into one outlet, so as not to draw too heavy a load on the circuit? 

· Do you have only one heater per outlet?

Cords

· Are all electric cords in good condition, with no cracking or fraying in the outer cover or any internal wires exposed? 

· Are all electric cords clear of rugs and furniture? 

· Are all extension cords used for temporary purposes only? If not, ask an electrician to install a socket-outlet where needed. 

· Are all cords out of the way so they can’t be tripped over, damaged by furniture, or caught in any way? 

Lighting

· Do you have the correct bulbs in your light fittings and lamps?

Portable Electric Heaters

· Do you follow the "heater metre rule" with all heaters at least one metre away from things that can burn? 

· Are all heaters in good working condition with no broken parts, funny noises or smells? 

· Have you recently maintained and cleaned your heater?

Electric Blankets 

· Are all electric blankets in good condition with no scorch marks, kinks, exposed or damaged wiring? 

· Are your electric blankets stored flat or rolled in corrugated cardboard when not in use? 

· Have you had your electric blanket tested recently? 

· How old are your electric blankets? (We generally recommend replacing an electric blanket after 2 or 3 years of use). 

Read the electric blanket safety page for further information about electric blankets. 

Large Appliances 

· When moving or repositioning of large heavy appliances such as refrigerators and freezers, care must be taken not to damage the flexible power supply cords. 

· Do you regularly check and clean the lint from your clothes-dryer filter? 

· Do you consistently ensure that the stove-top is kept clear of things that could burn - such as paper towels and plastic cords - keeping them at least one metre away from the elements?

Small Appliances 

· Are all small appliances around your home in good condition with no exposed wiring, funny noises or smells? 

· Do all your small appliances operate correctly? 

· Are all small appliances unplugged when not in use? 

· Are all cords to electric appliances stored out of the way so that a child cannot pull them down onto him or herself?

Residual Current Devices 

· Do you have RCDs installed in the damp areas of your home where you have electrical outlets - such as the bathroom and laundry? 

· Do you test your RCDs regularly, and are they working correctly? 

· Do you use an RCD or an isolating transformer with all electrical equipment outside? 

· Download Residual Current Devices - Switching on to Safety or see further information about residual current devices on this website.

Fuses and Circuit Breakers 

· Can you change a fuse correctly? 

· Are all fuse wires the correct size for the circuits on your switchboard? 

· Is it a rare occurrence for a fuse to blow in your home?  If this happens have an electrician find the cause. 

· Further information is available on Fuses and Circuit Breakers.

Outdoors

· Are all power lines well clear of buildings, structures and trees? 

· Are all outside electrical outlets protected by an RCD or an isolating transformer?

Electrical Emergency

· Do you know what to do in an electrical emergency? 

· Have you taught your family to be safe around electricity? 

· Do you have smoke alarms installed in your home? 

· Have you tested your smoke alarms recently? Do you test them regularly? 

· Do you have a multi-purpose fire extinguisher in your home? 

· Do all people who live in your home know the safest evacuation route in case of an emergency? 

· Do you have an emergency plan? 

Shuttered Sockets

Socket outlets fitted with internal protective shutters make it more difficult for children to poke things into them.

Recessed Sockets and Shrouded Plugs

Recessed sockets and shrouded plugs on electrical fittings, extension cords and double adaptors help to prevent contact with the metal pins on a plug if they become partially exposed.

Insulated Metal Pins

An additional safety feature is a plastic insulation sleeve on the metal pins on a plug. Like recessed sockets, these prevent contact with the metal pins while connected to electricity supply.

Transparent Sockets and Plugs

Clear-backed sockets and plugs expose any problems with the wiring.

Four-Way Switched Socket Outlets

These can be installed as part of your home’s permanent fittings to give you four sockets at an outlet, eliminating the need for multi-boxes and extension cords.

Residual Current Devices
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An RCD constantly monitors the current flowing along a circuit. If it senses any loss of current, where electricity is diverting to the ground rather than through the circuit, it will immediately shut off.

If your body is providing the path for the electricity to divert to the ground, you could be seriously injured, burned, severely shocked or electrocuted. 

· An RCD will prevent the shock being fatal by shutting the system down instantly. 

· RCDs should be installed in damp areas of your home where there are electric fittings, such as bathrooms, laundries, kitchens, garages, pools and external electric outlets.

Different types of RCDs include fixed RCDs, which can be installed in standard socket outlets and wired in a way that protects other outlets downstream, circuit RCDs, which are wired into your switchboard, and portable RCDs.

Testing Your RCD

Test your RCD regularly by plugging in a small electric appliance.

· Press the test button. 

· If the appliance turns off, the RCD is working. 

· If it stays on, get your RCD checked by an electrical worker with relevant competency. 

· Make sure you press reset once the test is complete.

Isolating Transformers


An isolating transformer protects you from an electric shock by providing an electricity supply that is isolated from earth.

For maximum protection, the transformer should be placed as near as possible to the electrical outlet.

Electrical Wiring
Introduction 

· Fuses and Circuit Breakers 

· How to Replace a Fuse 

· How to Check Your Circuit Breaker
Introduction

The permanent wiring and electrical fittings (switches, socket outlets, lighting outlets) in your home are part of the electrical installations. 

Electrical installations can age and become overloaded, particularly in old homes where the original wiring may not adequately meet the requirements for the number of electrical appliances in use today.

Warning signs that the electrical installation in your home is becoming unsafe include plugs and sockets that are hot to the touch or are discoloured with brown scorch marks, fuses that blow, circuit breakers that trip for no apparent reason, and flickering lights.

These signs may mean that the wiring of the electrical fittings in your home needs upgrading. If you are concerned, contact a licensed worker.

If you notice any of the above warning signs when buying a house, have a licensed worker check the internal wiring. They will be able to tell you if any repairs are necessary and will estimate the cost.

Homeowners are permitted to undertake wiring in strict accordance with ECP 51. However, this should not be attempted unless the homeowner is confident that he or she has the knowledge, tools, and skills necessary for the task. (Note: An inferior job can be considerably more expensive, in time and money, than paying a properly licensed electrician to do perform the work in the first instance.)

Failure to follow the requirement of ECP 51 could cause an unsafe situation and lead to electric shock or fire.

Fuses and Circuit Breakers

The switchboard protects the electrical wiring system in your home. It comprises the main power switch, along with a number of fuses, or circuit breakers. Each fuse or circuit breaker corresponds to a different area of wiring in your home. 

In the event of an electrical fault the fuse will blow or the circuit breaker will trip. The power to the corresponding area of the house will be shut off, to prevent overloading or fire.

The main difference between a circuit breaker or a fuse is that a circuit breaker can be reset, whereas once a fuse blows it must be replaced. 

Before you replace a fuse, always turn off the main power switch and all appliances and lights that are on that fuse. Always replace a fuse with the correct current rating. A fuse with too high a current rating could allow excessive current to flow through the circuit, leading to overheating and possibly fire.

If a fuse keeps blowing, call a licensed worker. If possible, replace the fuses in your switchboard with plug-in circuit breakers of the same rating, as these are safer to use and do not require replacing.

It is always a good idea to know what each fuse or circuit breaker protects. Switchboards are normally labelled. If yours is not, next time you have electrical work done, ask your licensed worker to do this for you. This can save you time in identifying a blown fuse or which circuit breaker to switch off, should the need arise.

How to Replace a Fuse

Follow this guide when replacing some types of fuses:

1. Turn off the main power switch at the switchboard. 

2. Look inside the switchboard for a list of the equipment or circuits each fuse controls. Usually one fuse controls a certain area of the house, such as the kitchen, or certain types of equipment, like lighting. 

3. If you can’t tell which fuse has blown, pull out, inspect, and replace each fuse, one at a time. 

4. Once identified, switch off lights and unplug all appliances on the faulty circuit. 

5. Replace the fuse wire. There are a number of different types of fuses. If you are not sure, the best way to replace a fuse is to examine one of the intact fuses in your switchboard and copy the way the wiring runs in the carrier. 

6. Make sure you use the correct current rating fuse wire. The current rating is generally indicated on the front of the fuse carrier. 

· Lighting circuits typically use 5 amp fuse wire, but not greater than 10 amp. 

· Socket outlets use 10 amp fuse wire, but not greater than 15 amp fuse wire. 

· Large appliances, such as electric stoves, may use a larger size fuse.

7. Make sure no excess fuse wire is sticking out of the fuse carrier. 

8. Replace the fuse carrier and turn on the main power switch. 

9. Check all appliances, light fittings and cords that were in use when the circuit failed. Replace or repair faulty equipment. Check that the fuse did not blow due to overloading the circuit. 

10. If the fuse blows again, call a licensed worker. 

11. Never be tempted to replace a fuse wire with a larger size of fuse wire, or another object. Doing so may result in an electrically-caused fire. 

12. If a fuse has blown it is because of an overload situation or a fault has occurred on the circuit. If you replace a fuse and it still blows, you should call a licensed worker. 

How to Check Your Circuit Breaker

1. If your power goes off because your circuit breaker has tripped, look for the lever in the "off" position (A) or where the button has popped out (B). 

2. Switch off lights and unplug all appliances on the faulty circuit. 

3. Push the operating lever to the "on" position (A), or push in the button on the circuit breaker (B). 

4. If the circuit breaker continues to trip, call a licensed electrician.
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Methods Of Distributing Light

The three methods of lighting, direct, indirect, and semi-indirect, are dependent for their efficiency on the type of shade or reflector employed. By means of reflectors, light may be concentrated on a small spot or spread out over a large area.

In the direct method of lighting, the fight falls or is reflected directly on the objects to be lighted. Although the maximum amount of light is furnished by this method, the disadvantages of a light that is too brilliant and concentrated are now recognized. If a drop light is used for close work, it is advisable at the same time to have another light for the general illumination of the room in order to prevent a strain on the eyes produced by the contrast of a small brilliantly lighted area in a practically dark room.

In indirect lighting all the light is reflected upward by an opaque reflector and returned to the room diffused generally from the ceiling. This method is the most comfortable for the eyes, but the most expensive.

In semi-indirect lighting a diffusing bowl allows some of the light to pass through the bowl to the room and the remainder to be thrown up to the ceiling. This is a good method for the general illumination of a room.

	
	










Three-phase transformer with four wire output for 208Y/120 volt service: one wire for neutral, others for A, B, and C phases.









Three-phase electric power transmission.

Three-phase electric power is a common method of alternating-current electric power transmission.[1] It is a type of polyphase system, and is the most common method used by electric power distribution grids worldwide to distribute power. It is also used to power large motors and other large loads. A three-phase system is generally more economical than others because it uses less conductor material to transmit electric power than equivalent single-phase or two-phase systems at the same voltage.[2]
In a three-phase system, three circuit conductors carry three alternating currents (of the same frequency) which reach their instantaneous peak values at different times. Taking one conductor as the reference, the other two currents are delayed in time by one-third and two-thirds of one cycle of the electric current. This delay between phases has the effect of giving constant power transfer over each cycle of the current, and also makes it possible to produce a rotating magnetic field in an electric motor.

Three-phase systems may have a neutral wire. A neutral wire allows the three-phase system to use a higher voltage while still supporting lower-voltage single-phase appliances. In high-voltage distribution situations, it is common not to have a neutral wire as the loads can simply be connected between phases (phase-phase connection).

Three-phase has properties that make it very desirable in electric power systems:

· The phase currents tend to cancel out one another, summing to zero in the case of a linear balanced load. This makes it possible to eliminate or reduce the size of the neutral conductor; all the phase conductors carry the same current and so can be the same size, for a balanced load. 

· Power transfer into a linear balanced load is constant, which helps to reduce generator and motor vibrations. 

· Three-phase systems can produce a magnetic field that rotates in a specified direction, which simplifies the design of electric motors. 

Three is the lowest phase order to exhibit all of these properties.

Most household loads are single-phase. In North America and some other countries, three-phase power generally does not enter homes. Even in areas where it does, it is typically split out at the main distribution board and the individual loads are fed from a single phase. Sometimes it is used to power electric stoves and washing machines.

The three phases are typically indicated by colors which vary by country. See the table for more information.

Single-phase loads may be connected to a three-phase system in two ways. A load may be connected across two of the three phase conductors, or a load can be connected from a live phase conductor to the system neutral. Single-phase loads should be distributed evenly between the phases of the three-phase system for efficient use of the supply transformer and supply conductors. Where the line-to-neutral voltage is a standard utilization voltage (for example in a 240 V/415 V system), individual single-phase utility customers or loads may each be connected to a different phase of the supply. Where the line-to-neutral voltage is not a common utilization voltage, for example in a 347/600 V system, single-phase loads must be supplied by individual step-down transformers.

In a symmetrical three-phase system, the system neutral has the same magnitude of voltage to each of the three phase conductors. The voltage between line conductors (Vl) is √3 times the phase conductor to neutral voltage (Vp). That is: Vl=√3Vp.

In multiple-unit residential buildings in North America, three-phase power is supplied to the building but individual units have only single-phase power formed from two of the three supply phases. Lighting and convenience receptacles are connected from either phase conductor to neutral, giving the usual 120 V. High-power loads such as cooking equipment, space heating, water heaters, or air conditioning can be connected across both live conductors to give 208 V. This practice is common enough that 208 V single-phase equipment is readily available in North America. Attempts to use the more common 120/240 V equipment intended for three-wire single-phase distribution may result in poor performance since 240 V heating equipment will only produce 75% of its rating when operated at 208 V.

Where three phase at low voltage is otherwise in use, it may still be split out into single phase service cables through joints in the supply network or it may be delivered to a master distribution board (breaker panel) at the customer's premises. Connecting an electrical circuit from one phase to the neutral generally supplies the country's standard single phase voltage (120 V AC or 230 V AC) to the circuit.

The currents returning from the customers' premises to the supply transformer all share the neutral wire. If the loads are evenly distributed on all three phases, the sum of the returning currents in the neutral wire is approximately zero. Any unbalanced phase loading on the secondary side of the transformer will use the transformer capacity inefficiently.

If the supply neutral of a three-phase system with line-to-neutral connected loads is broken, the voltage balance on the loads will no longer be maintained. The neutral point will tend to drift toward the most heavily loaded phase, causing undervoltage conditions on that phase only. Correspondingly, the lightly loaded phases may approach the line-to-line voltage, which exceeds the line-to-neutral voltage by a factor of √3, causing overheating and failure of many types of loads.

For example, if several houses are connected through a 240 V transformer, which is connected to one phase of the three phase system, each house might be affected by the imbalance on the three phase system. If the neutral connection is broken somewhere in the system, all equipment in a house might be damaged due to over-voltage. A similar phenomenon can exist if the house neutral (connected to the center tap of the 240 V pole transformer) is disconnected. This type of failure event can be difficult to troubleshoot if the drifting neutral effect is not understood. With inductive and/or capacitive loads, all phases can suffer damage as the reactive current moves across abnormal paths in the unbalanced system, especially if resonance conditions occur. For this reason, neutral connections are a critical part of a power distribution network and must be made as reliable as any of the phase connections.









A transformer for a high-leg delta system; 240 V 3-phase motors would be connected to L1, L2, and L3. Single-phase lighting would be connected L1 or L2 to neutral (N). No loads would be connected from L3 (the high or wild leg) to neutral, since the voltage would be 208 V.

Where a mixture of single-phase 120 volt lighting and three-phase, 240 volt motors are to be supplied, a system called high leg delta is used.

 Three-phase loads

The most important class of three-phase load is the electric motor. A three-phase induction motor has a simple design, inherently high starting torque, and high efficiency. Such motors are applied in industry for pumps, fans, blowers, compressors, conveyor drives, electric vehicles and many other kinds of motor-driven equipment. A three-phase motor is more compact and less costly than a single-phase motor of the same voltage class and rating; and single-phase AC motors above 10 HP (7.5 kW) are uncommon. Three-phase motors also vibrate less and hence last longer than single-phase motors of the same power used under the same conditions.









The rotating magnetic field of a three-phase motor.

Resistance heating loads such as electric boilers or space heating may be connected to three-phase systems. Electric lighting may also be similarly connected. These types of loads do not require the revolving magnetic field characteristic of three-phase motors but take advantage of the higher voltage and power level usually associated with three-phase distribution. Fluorescent lighting systems also benefit from reduced flicker if adjacent fixtures are powered from different phases.

Large rectifier systems may have three-phase inputs; the resulting DC current is easier to filter (smooth) than the output of a single-phase rectifier. Such rectifiers may be used for battery charging, electrolysis processes such as aluminum production, or for operation of DC motors.

An interesting example of a three-phase load is the electric arc furnace used in steelmaking and in refining of ores.

In much of Europe stoves are designed for a three-phase feed. Usually the individual heating units are connected between phase and neutral to allow for connection to a single-phase supply. In many areas of Europe

Direct/Indirect Lighting

(Term of lighting design)

Lighting that is mixed from direct sources and indirect reflection. In daylighting this means that some part of the light of the sky or the sun is bounced off some surface, while at least part of the sky is still visible from the point in question. In electrical lighting, it says that luminaires of different types are installed, or there are luminaires that emit light both up to the ceiling and down to the workspace.

Advantages:

Good balance between ambient illumination of the room and accent lighting.

Relatively good energy efficiency even in large spaces.

The smaller direct component required makes it easier to control reflective glare in computer screens.

Renders three dimensional objects well without harsh shadows.

Disadvantages:

Relatively high installation and maintenance costs.

Users often need instruction on how to use the system effectively.

Alternative lighting patterns are direct lighting and indirect lighting.
Indirect Lighting

(Term of lighting design)

Lighting provided by reflection usually from wall or celiling surfaces. In daylighting, this means that the light coming from the sky or the sun is reflected on a surface of high reflectivity like a wall, a window sill or a special redirecting device. In electrical lighting the luminaires are suspended from the ceiling or wall mounted and distribute light mainly upwards so it gets reflected off the ceiling or the walls.

Advantages:

Creates a soft, undisturbing environment suitable for concentrated work or viewing paintings or drawings.

Reflective glare on computer monitors can be controlled more easily.

Displays human faces advantageously for social gatherings.

Can be installed without disturbing the ceiling surface (eg. in historical buildings or a painted ceiling).

Disadvantages:

It can be disturbing if the ceiling is the brightest surface in a room.

Makes it difficult to recognise details on three dimensional objects.

There is very little contrast in the room which can be boring.

Not very energy effective.

Alternative lighting patterns are direct lighting and mixed direct/indirect lighting.
What are single phase and three phase connections?

Most of us know that in the world of electricity, current through the wires carry electricity that light our bulbs and run our appliances. The type of current that is supplied from electricity grid is Alternating Current (or AC). In a single-phase supply, a single alternating current in supplied through a single wire, whereas in a three-phase system 3 wires carry alternating current with a definite time offset in between the voltage waves.
In India a single-phase supply is a 230V supply through two wires and 3-phase supply is 415 V supply through 4 wires and in the house the line can be divided to give 230V at individual point. The basic difference between the two is that a three-phase connection can handle heavy load while a single-phase cannot.
To give an analogy to help you understand the difference, let’s take an example of a highway. If the highway is a single lane highway, only a few two wheelers may go on it in parallel, or if we try to squeeze, we may put two cars running in parallel. But beyond that things will not move, whereas if we have a 3-lane highway, lot of vehicles can move together in parallel. Even on a single-phase highway, number of vehicles that can run together also depends on the size of vehicles. A car and a two-wheeler may easily go in parallel on a single-lane highway, but a truck may just have to be left alone.
Similarly consider single-phase as a single lane highway and three-phase as a multilane highway. There is a limit to the load that a single phase can handle and typically that number is set to 7.5 kW (or 7500 watts or 10 Horse Power). So if sum of wattage of all the appliances that you are running at a time is more than 7.5 kW, then you need a three-phase connection. And you can get to 7.5 kW if you have three 1.5 ton ACs and a water heater all running together. Or you have a machine that has a motor that is more than 10 HP. If the load is less than 7.5 kW, then a single-phase connection can easily handle it.
Note: A lot of people have misconception that Air Conditioners require three-phase connection. Which actually is not true because all ACs have motors designed to run on single-phase. Only if you have more than 3 ACs that are all in use together you may need a three-phase connection.
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