Electricity Unit Notes:
Topic 1:  Electric Charges

· There are two charged subatomic particles: electrons (-) and protons (+), only electrons can move, so electricity is the movement of electrons.

· Objects can be negatively charged (if it has more electrons than protons), or objects can be positively charged (if it has more protons than electrons), or neutrally charged if the number of electrons is equal to protons.

Negative Charge

Positive Charge

Neutral charge

- - - + +--


+++--++----++
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· Static Electricity: Charges can be transferred from one material to another by rubbing them.  Thunderstorms are caused by rubbing water particles and ice particles together in clouds, building up static charge. 

(Static Electricity = Unbalanced Charges)



Law of Charges (developed by Benjamin Franklin)

1. Unlike charges attract

2. Like charges repel

3. Charged objects attract uncharged objects (neutral)

Conductors, Insulators and In-between
· Insulators: don’t allow charges to transfer easily (rubber)

· Conductors: do allow charges (electrons) to move easily (metals)

· Semiconductors: will allow some movement of charge, but charges don’t move really easily (silicon & gallium)

· Superconductors: excellent conductors of electricity.  They don’t slow down or resist movement of electrons hardly at all.  Superconductors are used in generators, high voltage power lines and supercomputers.

Neutralizing Unbalanced Charges
· Electric charge tries to become grounded (go to the ground) because the Earth can absorb a huge amount of electrons or give up electrons to neutralize a charged object.

· When an object gives up it’s electrons, it is neutralized.  The electrons given off by an object during neutralization are discharged.

Preventing Electrostatic Buildup
· Static can attract dust, or damage sensitive circuits (like in computers).  It is important to stop charge from building up.  Anti-static sprays (dissipate or scatter charge) and grounding objects can help protect against charge build up.
Topic 2 Electricity in a Circuit
· Electric Charge can move in a pathway, if there is a conductor to carry it.  The pathway must be complete (not breaks or holes in the conduction pathway).

· There are 4 types of things in an electric circuit

Source: Provides electricity (example: generator or electrical cells)

Conductor: Wire

Load: Something that uses up electric energy and makes it into another form of energy

Control: A switch or device to adjust the amount of electron flow

Common Circuit Diagram symbols:
[image: image19.png]648






[image: image2.png]




[image: image3.emf]



[image: image4.emf]




2 cell battery

one cell

open switch

closed switch
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voltmeter


ammeter

resistor


wire
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motor


light 
Batteries and Cells:

· a battery is made up of more than one cell in series.

· A standard cell has 1.5 volts of energy.

Basic circuits: 

Series Circuit:  Where there is only on possible path for electrons to travel down (this is the kind of circuit studied in topic 2)
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This circuit has one battery of 2 cells, a resistor and a closed switch in series.
This circuit will have the resistor heat up because there are no breaks in the circuit.  If the switch was open, then the circuit would be open and electrons couldn’t travel in a complete path from the negative terminal to the positive terminal of the battery.

· Measuring Current:
· Current (I) is measured in Amperes (A) or milliamperes (mA)
· Current is the amount of charges that pass a point in a second.

· Weak currents are measured by Galvanometers and Strong currents are measured by Ammeters
**** hint if you think of the tail of the G pointing down and the A as an arrow pointing up, you will remember that Galvanometers measure small currents and ammeters measure large currents.
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Topic 3:
Measuring Current and Voltage

When measuring Current the Ammeter must go in series with the circuit – in other words the ALL the current must go through the meter.  

When measuring Voltage the Voltmeter must go in parallel with the circuit – in other words the meter is measuring between two different points in the circuit.

See the pictures below for examples of how the meters need to be set up.
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Ohm’s Law

The relationship between RESISTANCE, VOLTAGE and CURRENT in a circuit is known as Ohm’s Law.  In the space below write out the 3 forms of Ohm’s Law.

R = V
        I

This law lets you calculate any one of the terms in the formula if you have the other two.

Keep in mind this formula works only if the units are as follows

Resistance R must be in Ohms ( )

Voltage V must be in Volts ( V )

Current I must be in Amperes ( A )

Example:

What is the resistance of an electric heater if a current of 12A runs through it when it is connected to a 120V wall outlet?   R = 
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In High Resistance Wire (like Nichrome wire or Tungsten wire): the more wire length the current travels through, the higher the resistance.
In this picture, the longer the nichrome wire, the greater the resistance and the lower the amount of current making it through the circuit.  Note the Nichrome wire will heat up.
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*****Note: For more information on series and parallel ciruits, review your notes on series and parallel circuits provided in class.  You should also know that all home wiring is in parallel.  So when you plug in many appliances in, they are in parallel, not series.
Amount of Resistance increases when:
· You use longer wire (more particles to resist)

· You use a thinner wire (harder to get particles to conduct through)

· The wire is very hot = high resistance

Variable Resistors: or Rheostats (like dimmer switches)

· Are used to control the amount of electricity traveling in a circuit

Topic 4: The Energy Connection
Energy can be changed to electric energy or from electric energy.

**** remember that Energy can’t be created or destroy, only changed (Law of Conservation of Energy)
Table 1: Changing energy.

	Energy Change
	Device
	Name of effect
	To increase/decrease change

	Heat( Electricity
	Thermocouple 

(thermopile)
	Seebeck Effect
	- need 2 kinds of metal wrapped together.

- Increase heat to electricity by increasing difference between hot coil and cold coil.

	Electricity ( Motion
	Quartz/ Rochelle salt
	Piezoelectric effect
	- More voltage

	Motion ( Electricity
	Quartz/ Rochelle salt
	Piezoelectric effect
	- More motion (hit it harder)

	Electricity ( Light
	LED
Light Bulbs                          (resistor)

Fluorescent Light

LASER
	
	- increase power


	Light ( Electricity
	Photovoltaic cell
	Photoelectric Effect
	- Increase intensity of light (bring light closer to cell, or increase power of light)

	Chemical ( Electricity
	Electrochemical Cells (Primary or secondary cells)
	Exothermic Reaction
	- Use different metals as electrodes
- Use a strong acid as an electrolyte

	Electricity ( Chemical Energy
	Electrochemical Secondary Cells
	Endothermic Reactions
	- Use chemical changes that can be reversed

	Mechanical ( Electrical
	Generator
	Electromagnetism
	- Spin armature faster
- Use stronger permanent magnets

- Use more coils of wire

	Electrical ( Mechanical
	Motor
	Electromagnetism
	- Increase current
- Make magnets stronger

- Increase wire coils in electromagnet


Topic 5: Portable Power
· Most portable power is created as electrochemical cells, which convert chemical energy into electric energy (since it is a chemical reaction that gives off energy it is an exothermic reaction)

· Each cell has 1.5V of electricity.

· Electrochemical cells are made of 2 electrodes (solids, usually metal) and one electrolyte (solution, often acidic).  

· Primary cells can’t be recharged, secondary cells can be recharged.

***To review kinds of cells, see pages 304-305  

*** note that wet cells have a liquid electrolyte, but dry cells use a paste for an electrolyte.

*** You must be able to identify what makes a good cell and the parts of a cell.
Topic 6: Generators and Motors

Electromagnets:

· Ampere and Oersted created the idea of an electric generator.
· They moved a magnet through coils of wire.
· Faraday developed the first electromagnet.
· Strong electromagnets have:
· Many coils
· Lots of electric current
· Iron core
· Electromagnets reverse poles, when current changes direction.
AC Generators:

· Create current that changes direction
· Don’t have split ring commutators
· Create current that is easy to move long distances.
· For every turn of the loop of wire the current changes direction twice.
DC Generators: (also known as a DYNAMO)

· Creates direct current.
· Uses an split ring commutator
You should know the differences between the AC/DC generators and motors.  You should know the parts of the DC motor (see the picture on Pg. 317)
AC and DC Motors have the same parts as AC and DC generators, but change electric energy into mechanical energy.

Topic 7: Electricity in the Home
Electricity and the Grid
· Electricity from the generator is increased by “step up transformers” to travel long distances.  Before your home the electricity goes through a “step down transformer” to 240/120V.

From the Grid into Your Home
· Power meters are used to measure the power of electricity coming into your home (in kWh).  Electricity comes into your house through a service panel where it is divided into parallel circuits through your home (to make it so your current is constant to all circuits).

· Each branch of the circuit is protected by a circuit breaker.  Circuit breaker are switches that turn off when too much electricity goes through them (they are bimetallic strips that overheat).

· Old homes used fuses that had to be replaced when they “burned out.”  Fuses are small wires that only a certain amount of current through them.  
***** When replacing fuses you must replace them with the same current rating (if you put in larger fuses, they will let too much current into your circuit and burn out appliances).
· There are 3 wires in most home wiring

· Black wire: hot, carries high energy electricity (it’s insulated)

· White wire:  return wire, carries low energy electricity

· Green wire: ground wire

· Home wiring must meet the electrical code (a set of safety standards).

Digital Devices
· Contain small circuits that have many switches called transistors that can be turned on and off by electrical signals.

· Digital devices use binary code (a sequence of on/off codes).

Measuring Electric Power



-     Power is measured in WATTS



· Energy is measured in JOULES

Power = Energy
· Time is measured in SECONDS


   Time

Power = Volts x Amps
A toaster is connected to 110V and it draws 5A of current.  How much heat is given off?

Power = IV = (110V) (5A) = 550W     ( 0.55kW

Paying for Electric Energy
1. Find the energy in kW

2. Find the time in hours

3. Power Step:  (#kW) (h) = kWh

4. Money Step: (cost/kWh) (kWh) = Total cost

Ex. If the toaster has a power of 550W and runs for 90minutes, how much does it cost to run at a rate of $0.11/kWh?

1. 550W = 0.55kW

2. 90min  = 1.5h

60min/h

3. (0.55kW) (1.5h) = 0.825 kWh

4. (0.825kWh) ($0.11/kWh) = $0.09

To read a home meter:

1. You always round down to find the number of electric units.

2. You subtract the earlier month reading from the later month reading.
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Power reading: 1486 units of power (1486 kWh)
Power Rating:
· When you buy appliances, they have a power rating (how many Joules used per second).

· Appliances also have an estimated amount of kWh used per year written on them (called the Energuide)
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 This appliance is estimated to use 648kWh per year, and the bar under the number indicates that the appliance uses less energy than other similar appliances (arrow is to the left of the bar).
Electrical Efficiency: 
Efficiency Calculations – steps to follow

· Find power in Watts of the device 

· Find the length of time the device is on – in seconds

· Find the energy input to the device with the formula  Energy = Power x Time
· Find the efficiency of the device using the formula 

Efficiency  = 
useful energy output   x 100%

total energy input

Find the efficiency of an 20W light that is used for 10hr per day and in that time produces 2.5 x 104 J of useful light.  What is the efficiency of the tube?

Time = 10h x 60min/h x 60sec/min = 36 000 seconds



Energy = 20W x 36000sec = 720000J = 7.2 x 105J
Efficiency = (2.5 x 104 J 7.2 x 105 J) x 100% = 3.5 %
Electrical Safety:

Inside:

1. don’t overload circuits

2. replace frayed cords, don’t touch them plugged in.

3. cover open plug ins if little children are around.

4. don’t use electric appliances near water.

Oustide:

1. Don’t touch “hot” wires (careful digging around buried wires)

2. Always use wires with a ground wire.

3. Don’t use electric equipment in the rain.

Topic 8: Electricity and the environment


Read pages 332-342

Note: burning fossil fuels create Carbon Dioxide (a greenhouse gas)

Burning fossil fuels also creates Sulfur oxides and Nitrogen oxides, which contribute to Acid rain.
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