Current Electricity

Current Electricity  involves the movement of electric charges.  We know the positively charged protons are locked in the nucleus and cannot move.  We also know that the electrons are found in the orbits and can be moved easily.  The charges that move in current electricity are the ELECTRONS.  

Current Electricity is very useful to us in our everyday lives.  Many of the modern conveniences we have are a result of current electricity!  Uses for electricity include:


Heat



Light



Communication


Appliances


Tools



Cooling


Entertainment

Data storage

Electric Motors

The movement of electrons through a circuit happens as a result of the LAW OF ELECTRIC CHARGES.  Electrons are pushed by other electrons and/or attracted by positive charge.

Overview – Simplistic View

To make electrons move we follow these steps:


-  Start with a neutral piece of matter. ( It isn’t difficult to find one of these!  Why? )










 Neutral Piece of Matter


-  Pull some of the electrons away from it

(now the electrons "want" to move back to the positive charge!  Please remember electrons can’t actually “want” anything!)
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  pull electrons away

  - - - - -
 Positive Piece of Matter





   Negative Electrons

-  Provide a path for the electrons to follow back to the positive charge.  The path should be made up of a conductor that allows the electrons to flow easily.  To make the flow of electrons useful to us we insert a "load" along the path.   

A load is any device that uses electrical energy.  An example of a load could be as simple as a light bulb or as complex as a computer (which actually contains connections of many loads).






Path (conductor)



Path (conductor)
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  pull electrons away

  - - - - -
 Positive Piece of Matter





   Negative Electrons
As the electrons make their way back to the positive charge they are continually being "pulled away" and put back where they were.  This makes the flow of electrons continuous.  This is a simple electric "circuit."  

An electric circuit is a path for electrons to follow.   A complete circuit is a complete path while an open circuit is an incomplete path.  If the circuit is incomplete the flow of electrons stops throughout the whole circuit.  A switch is a device that can be used to open or close the circuit thus turning the circuit on or off.

An electric circuit is a connection of LOADS,  SOURCES  AND WIRES.  A "source" is a device that provides the electrical energy.  This is the device that pulls the electrons away.  Examples of sources are batteries and generators.  Wires are used to provide the path for electrons to follow and are made of good conducting materials and usually coated with an insulating material.

Energy Delivery

Electricity as just a method for delivering energy from one place to another.  Energy is defined as the ability to do work.  We know that fuels contain energy since they can do lots of work.   We can then deliver energy from one place to another by transporting fuels from one place to another.  Electricity is just another way to deliver energy from one place to another and is quite different than simply transporting fuels or other materials from one place to another.  

The electrical energy is produced at one location and the energy is transported along wires to the place it will be used.  The sources can be great distances from the loads using long wires.  The electrical energy we use in Windsor is generated mostly in the Toronto area and transported along wires to us.

As the electrons move along the wires they carry energy with them and deliver this energy to the loads they encounter along the way.  The electrons themselves are not energy.  Electricity then is like a courier service.  Energy is picked up at one location by some electrons and then carried by the electrons to another location and the energy is then delivered to the loads.  The electrons then return to pick up some more energy.  Electrons are like delivery "trucks."  They pick up and deliver energy.  The electrons don't get used up during this process just as the delivery trucks don't get "used up."

Coulombs - A coulomb is just a group of electrons.  Each individual electron is so small and has such a small amount of electric charge that an individual electron is virtually insignificant.  For this reason we consider only groups of electrons called COULOMBS (named after Charles Coulomb).  This is similar to referring to groups of other common items such as eggs of doughnuts where we use the “dozen” as the group size.  The biggest difference here is the group size.  The Coulomb is an extremely large group of electrons!!!


1 coulomb = 6.2 x 1018 electrons

· ( can you imagine just how large that number really is???  If the richest person on earth were to have a total of 100 billion dollars, and you piled up enough pennies to make up the entire amount, you would need 620 000 piles of pennies that big to have an equivalent amount of pennies to a coulomb of electrons!!!)

Voltage  (symbol V) - is a measure of the amount of electrical energy carried by each coulomb of electrons.  We know a truck can carry different amounts of cargo in different deliveries.  Electricity is similar in that each coulomb of electrons can carry different amounts of “energy” under different circumstances.  The voltage tells the amount of energy each coulomb carries in that particular circuit.  

Voltage is measured in units called Volts (V).

1 Volt is equal to 1 Joule per coulomb of charge.

Formula
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V  =  E


1 Volt = 1 J/C






   Q
V = Voltage in Volts (V)

Q = quantity of electric charges in coulombs (C)

E = Energy carried in Joules (J)

Batteries have voltage ratings written right on them, for example D, C, AA and AAA batteries are rated at 1.5V.  The small rectangular batteries with both terminals on the top are rated at 9.0V, a car battery is rated at 12V and an ordinary household plug delivers approximately 120V.

Current (symbol I)- is a measure of the rate of flow of electrons.  Current is measured in units called Amperes or AMPS (A).  When the current is higher there are more electrons flowing per second in the circuit.  A typical household circuit supplying one light bulb has a little less than one AMP flowing in it. (or about one coulomb of electrons flowing per second!)  The current isn’t a description of the “speed” of the electrons flowing but rather a description of the number that are flowing per second along the path.

Formula
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I  =  Q

1 Amp = 1 C/sec






  t
I = current in Amps (A)

Q = quantity of electric charges moving past a point in coulombs (C)

t = time in seconds (sec)

Resistance (symbol R)- Whenever electrons flow through anything they experience an opposition to the flow.  This opposition to the flow of electrons is known as electric Resistance.  This is like a friction that opposes motion of electrons.  A good conductor has a low resistance while an insulator has a high resistance.  Resistance is measured in units called Ohms  ( symbol Ω )

Ohm's Law - is a relationship between the current, voltage and resistance in a typical circuit.  The ratio of Voltage to Current is constant and that constant value is equal to the “resistance” in the circuit.  

Formula
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R  =  V

1 Ohm = 1 V/A






   I
R = Resistance in Ohms (Ω)

I = current in Amps (A)

V = Voltage in Volts (V)

As the voltage in a circuit increases then the current increases proportionally to match!  Note that not all loads follow Ohm’s law and then not all loads are what we call “ohmic.”  Other factors may affect the resistance, voltage and current characteristics of a load, for example temperature!  For many loads as temperature increases the resistance increases.
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