Electricity and Electrical Power
Summary of everything!

Introduction

Electricity ( two types: static electricity and current electricity.

Static Electricity is when charges (electrons) are transferred from one object to another (e.g. from your hair to a balloon when you rub it). Static electricity is not that useful.

Current Electricity is when charges (electrons) move, flow through a wire. Current electricity is what we use to power all of our stuff. 

* In my examples, I used house voltage as 110V although some things say that it is 120V. It is probably more like 115V. It doesn’t matter as long as you use the same number for all calculations.

Before we go further, I just want to introduce all of the electrical quantities. You can refer back to this table later.

Electrical quantities

	Quantity
	Symbol (for quantity)
	Units
	Symbol (for units)

	Charge
	Q
	Coulombs
	C

	Voltage
	V
	Volts
	V

	Current
	I
	Amps (Amperes)
	A

	Power
	P
	Watts
	W

	Resistance
	R
	Ohms
	(

	Energy
	E
	Joules
kiloWatt-hours
	J
kW-hr  or  kWh

	Frequency
	f
	Hertz
	Hz


* frequency is not really an electrical quantity.

A brief description of each electrical quantity:

1. Charge

Basically charge is what each electron has. Electrons have a negative charge and protons have the same amount of charge, but it is positive. 

(By the way, electrons have a mass – they weigh 1/2000th  of what a proton weighs, but strangely enough, electrons have no size. They are so tiny they have no size even though they have weight. Weird huh?)

· Because electrons are so small it is hard to count them. People came up with a big number called a Coulomb A Coulomb is more than a billion electrons; it is  6.24 x 1018 electrons.

· A lightning bolt transfers about 20 Coulombs. ( A coulomb is a lot of electrons!

· No one really uses charge (coulombs) for anything because it is so hard to measure charge.

2. Current

Electric current is very similar to water current. A big pipe can have more water flowing through it than a small pipe. 

Current is how many electrons are moving past a point in the wire every second. 

(formula:  I = Q/t

probably not useful)
Current is measured using a meter called an ammeter.

· A high current means that you have lots of electrons flowing through the wire. If the wire is too thin, it will get hot from the friction of the electrons and melt. To prevent this, we use fuses (or circuit breakers). If more than 20 Amps goes though a 20A fuse, the fuse will melt inside and stop the electricity from flowing. If you didn’t have fuses and you had too much current going through wires, the wires could catch fire and burn the house down.

· A copper wire that is about ¼ inch in diameter can carry somewhere around 80 amps without melting. (I’m not completely sure about this number).


· It is electrical current that kills you, not voltage. Only about 100 milliamps are needed to kill someone. The reason that you don’t get killed by touching a 9V battery is that your dry skin has quite high resistance to electricity. You have to have high voltage to overcome the skin’s resistance. If you have enough voltage to push the electrons though your skin, then a small current can kill you. I would be scared to touch anything over about 40 V. Wet skin has a much lower resistance than dry skin. Never do anything with electricity if your hands or feet are wet. If your hands are wet, never turn off a light with them. Either dry your hands or use something dry – like your elbow.

· Current is important because for things like motors and electromagnets, the more current you have, the faster or stronger they are.

3. Voltage

Voltage is how much energy each electron has.  (formula  V = E/Q
probably not useful)

It is like water pressure. High water pressure can squirt water farther. High voltage can make electrons go farther or do more work. 

High voltage makes sparks. It takes about 30,000 V to make a spark jump 1 centimetre in air.

Voltage and current relate to each other in complicated ways, depending on the device that you use. Sometimes more voltage means more current, sometimes they are independent of each other.

In our homes, we use 110V (or 120V)

4. Power

Power = voltage x current. 
P = I V


( this is very useful!
so    volts x amps = watts

Power is more or less how much electricity an appliance uses. 

Example: You have a 660 Watt toaster.  
If your voltage is 110V in your house, then the toaster uses 6 amps.

(110 x 6 = 660)
If the voltage is 220V (like in Europe), then your toaster uses 3 amps.

(220 x 3 = 660)

You can add up the number of watts that different appliances have and then divide by 110V to find out how many amps they use together (e.g. if they were plugged into one plug).

· Another definition of power is: Power = energy / time.  It is energy per second, or how fast you use energy. A 100W bulb uses electrical energy faster than a 60W bulb.

· Another unit for power is horsepower.  1 hp = 746 Watts

5. Energy

Electrical energy is only really used when you pay the utility for electricity. You pay for how much energy you use, rather than how much power you use.

The power formula above can be rearranged so that:    Energy = power x time.

· The metric units for energy are Joules.   1 Joule = 1 Watt x 1 second.
Other units are Calories (like in chocolate bars). 1 Calorie = 4184 Joules.

· The units that utilities use for selling electricity are not Joules, but kilowatt-hours.

Example: How much does it cost to run a 100W bulb for 2 days? 
Assume that it costs 7 cents / kWh.

Answer:
(i) change watts (power) to kW:  



The power is 0.1 kW
(ii) change time to hours:  



2 days = 48 hrs.
(iii) multiply kW by hours to get kilowatt-hours:

0.1kW x 48hrs = 4.8 kWh
(iv) find out how much you pay:



7¢ x 4.8 = 33.6 or 37 cents.

It costs 37 cents for the electricity that this light bulb uses in 2 days.

· 1 kWh = 3,600,000 Joules (or 3.6 megajoules)

6. Resistance

I don’t think that you will be doing anything with resistance. If you need more information, just ask me.

Copper has a very low resistance so it is good to use for wires (it is one of the best metals).

Formula:   Voltage = current x resistance.
V = IR.
or   R = V/I 
This formula relates current and voltage together. ** It only works for D.C., not A.C. 

7. Frequency, AC and DC

Frequency is used to describe A.C. (alternating current).

Direct Current (DC) is like water in a stream that only flows one way. You can use the water to do something useful – like turn a water wheel. 
DC has a constant voltage (e.g. 9V).


Alternating current (AC) is like something that moves back and forth. It can be used to do something useful – like a saw cutting through wood.
AC has alternating voltage and alternating current. If the voltage is 110V AC, it means that the voltage is changing from +110V to -110V. 
(Actually for a very complicated reason, 120V AC really alternates between +170V and -170V).

· DC is produced by batteries. AC is produced by most generators. Some generators produce DC. 

· We use AC for all of our house wiring because it is much more efficient to transmit electricity as AC (from the power station to the houses).

· Electronics use DC. So you either have to put batteries into an electronic thing (e.g. a PlayStation Portable), or you have to use an adapter that plugs into the wall. The adapter changes AC to DC and lowers to voltage from 110V to 9V or whatever.


Frequency is cycles per second. 

Frequency is how often the voltage changes in AC.  (The frequency of DC is zero, since DC never changes.)  In North America our electricity (AC) is 60Hz. That means that the voltage changes 60 times each second. In Europe electricity is at a frequency of 50 Hz  (it alternates 50 times a second). 

· The most dangerous frequency for electrocution is 60Hz ! DC is not as dangerous as AC. Our bodies are also less sensitive to high frequencies – e.g. 5000 Hz


· Our eyes notice things flickering if they are below 60Hz. Flickering lights would be worse in Europe. Computer screens can be seen to flicker at 60 Hz – it’s annoying. Most people set the refresh rate on their monitors to 72Hz. This stops any flickering. Flickering is easier to notice if you look to the side of something, instead of directly at it.

THE END!

