Electric Charges and Currents 
Electric Charge 

Atoms and Electricity 

     - all matter is made of atoms, which are in turn made up of protons, neutrons and electrons 

- both the protons ( in the nucleus) and electrons ( outside the nucleus) have a basic property called charge 
     - protons have a positive (+) charge 
     - electrons have a negative (-) charge 
     - both charges are of equal magnitude or size 

Law of Charges 

-- like charges repel, opposite charges attract 

Electric Field 

     - an electric field extends outwards from all charged particles 
     - this field diminishes as the distance increases, and increases as the distance decreases 

ion -- a charged particle 

-- objects develop a charge by gaining or losing electrons 

Methods of Charging 
  
	1.  friction method -- produces a charged object rubbing two objects together 
      
-- object A will give off its electrons to object B, A becomes (+) and B becomes (-) 

ex.  balloon and cloth, Van de Graaff generator  (see image at the right)
	


  
	2.  Conduction --   

some objects will allow electrons to flow through them into another object,  thus producing a charge in the new object 
      
 
	conductors -- allow electrons to pass through them easily 

insulators -- will not allow electrons to flow, because their electrons are held tightly


  
  

	
3.   Induction -- does not involve the transfer of electrons from object to object, but it does involve the movement of the electrons to a new place within an object  ex. pith balls 

**  The instrument at the right is an electroscope --- this instrument is used to detect the presence of an electric charge 
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static electricity   -- the transfer of electrons from one object to another without further movement 

Static Electric Discharge - Lightning 

     - these built up electrons eventually will move from one object to another, usually to the water molecules in the air. 
     - the loss of static electricity as electric charges move off an object is called electric discharge. 
     - it can be slow and quiet like the loss of charge with a balloon on a wall, or rapid with a spark or noise like lightning. 
     - lightning in the sky is caused by a build up, due to particles being moved around by the wind, jumping rapidly from the charged air mass to the oppositely charged ground surface - as the electrons jump from place to place. 
        they produce intense light and heat, producing the visible lightning, and the rapid expansion of the air producing the 
        thunder 
     - lightning rods act as a path to the very large Earth which can accept or give up large amounts of electrons 
     - unfortunately other objects such as trees, houses, golfers can act as the closest path to the ground and therefore 
        be the path of the electron discharge 
  

electricity -- the energy associated with electrons that have moved from one place to another 

current electricity -- requires a flow or movement of electrons (usually through a wire or other conductor) 

Making Electric Charges Move 

     - to make anything move requires a force, and the larger the object to moved the larger the force needed 
     - the larger the charge the more force needed to move the charge between two points 

potential difference (voltage) -- the force required to move or push electrons through a wire 
                                                - it is measured in volts (V) 
  
current (I) -- the number of electrons moving past a point in a wire 
                 -- current is measured in amperes (A) 

Resistance -- the opposition to the flow of electrons through a conductor 
                    -- resistance is measured in units called Ohms ( ) 
  

Some Factors Influencing Resistance 

1.   Type of Material   ex. copper (Cu) (low resistance) and  iron (Fe) (high resistance) 

2.   Width of wire (the wider the wire the less resistance) 

3.   Length of wire  (the longer the wire the greater the resistance) 

4.   Temperature of wire (the hotter the wire, the more atoms move to interfere with electron flow, 
                                      so resistance increases) 

** Conducting materials have generally low resistance levels, whereas insulators have high resistance levels. 

Ohm's Law 

     - a scientist named Ohm studied the relationships between voltage, current and resistance 

V=IR, I=V/R, R=V/I   (where V = voltage in Volts, I = current in Amperes, and R = resistance in Ohms) 
  

Problems: 

1.    Determine the voltage needed to cause a current of 1 amp in a circuit having a resistance of 15 ohms. 

V = IR 

I = 1 amp 
R = 15 ohms 
V = ? 

V = 1 amp (15 ohms) = 15 volts or 15 V 

2.   Calculate the resistance of a lamp with 2 amperes of current flowing through it in a 12 volt circuit. 

R = ?        I = 2 amperes   V = 12 volts 

R = V/I 

R = 12 volts/2 amperes = 6 ohms 

3.  What is the current through a wire that has a resistance of 15 ohms, if the voltage is 45 V? 

I = ? 
R = 15 ohms 
V = 45 volts 

I = V/R 

I = 45 volts/15 ohms = 3 amperes 

Electric Circuits --  must be a complete closed path in order to work 

Parts of a Circuit 

· a source of energy      

· path      

· load or resistance      

· a switch to control flow 

     - the source can be a battery, photocell, generator, etc. 
     - the path is usually wires, but it can be any conductor, even liquids that conduct charge 

     - the load is a device that uses the electricity ( a bulb, radio, motor) that offers some resistance to the flow and is 
       converted into heat light or mechanical energy 
     - the switch completes or interrupts the flow of electrons around the circuit 

Series and Parallel Circuits 
  
  

	
series circuit  - provides one path for the flow of electrons  

** the disadvantage of a series circuit is, if there is a break in any part of the circuit it completely fails
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parallel circuit  - provides more than one pathway for the flow of electrons 

** if there is a break in one of the paths, electrons can still flow in a complete circuit through another pathway
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Electric Power: 

     - power is the rate at which energy is produced or used 

     Power (Watts) = Voltage (Volts) x Current (Amps)    P=VI 

Problem:  What amount of power does an appliance use that operates at a current of 12 A and a voltage 
               of 120 V? 
  

P = ? 
V = 120 V 
I = 12 A. 

P = VI     P =  120 V (12 A.) = 1,440 Watts or 1.44 Kilowatts 

 kiloWatt (kW) - 1,000 watts 
  
 Energy: 

    Energy                         =     Power X Time 

Kilowatt-hours                 =    Kilowatt X Hours 
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