Grade 9 Science



Unit 3 – Section 1
Electricity
- electricity is the build-up of negative charges

- these negative charges are called electrons
Static Electricity

- static electricity is a naturally occurring form of electricity

- when two materials rub together, one object will give extra electrons to the other

- this build-up of extra electrons inside the body of an object leads to the object being negatively charged

- this excess negative charge is called static electricity

- we have learned that materials have an equal number of positive protons and negative electrons

- since the number of positive charges and negative charges are equal, the object is neutral

- when we add extra electrons, the object becomes negatively charged

- since rubbing the two objects together causes one of the materials to become negative, the other becomes positive

- this build-up of extra electrons stays inside the object until it comes in contact with an oppositely charged object





Static = not moving

- if a negatively charged object is brought close to a positively charged object, the excess negative electrons can jump from one object to the other to balance charges


- this is called an electric discharge


- it appears as small blue-white sparks not unlike 

Lightning

- another important example of static electricity

LIGHTNING
- clouds rub against each other causing a transfer of electrons from one cloud to the other
- this causes one cloud to become VERY negative and the other cloud to become VERY positive

- when this build-up of electricity gets too strong, an electric discharge occurs and the cloud throws its excess electrons to another surface

- there are 3 types of lightning:


a) cloud-to-cloud

- negative cloud sends excess electrons to a positive cloud


b) cloud-to-ground

- negative cloud sends excess electrons to the neutral ground (sink)


c) ground-to-cloud

- the ground sends extra electrons to a positive cloud

- basically, built up electricity will eventually have enough force to jump from one object to another

Charging an Object

WARNING:

THIS HAS NOTHING TO DO WITH CELLPHONES OR CHARGERS OR WHATEVER STUPID THING YOU PLUG IN
- charging refers to causing an object to become either positive or negative
- we can make things become charged by rubbing them together

- when we rub two materials together, the friction created can dislodge electrons which will move from one material to the other

- the material that loses electrons will become positive

- the material that gains electrons will become negative

How do we know which material will become positive and which will become negative?
- materials can actually be ranked by their likelihood of giving or taking excess electrons when rubbed against other materials

- materials are listed in the Triboelectric Series which shows which materials will become positive or negative when rubbed against other materials in the series
- objects higher on the series will become positive and materials lower on the series will become negative
Ex. Human hair is higher in the series than a rubber balloon

- when you rub a balloon on your head, the balloon becomes negative and your hair becomes positive

Why do balloons stick to the wall after we rub them on our heads?

- rubbing the balloon against our hair causes the balloon to become negative

- in the last unit, we learned about the Law of Electric Charges

“objects with opposite charge will attract each other and objects with like charge will repel”

- since the balloon is negative and the wall is neutral, they have different charges

- since they have different charges, the balloon is attracted to the wall

- this is similar to how clothes in your dryer sometimes stick together

- we use Bounce sheets because those dryer sheets are at the very end of the Triboelectric Series and, therefore, absorb all of the excess electricity

- you can see this at home

- run a comb through your hair a few times and hold it near a slow running tap 

- the tap water will actually bend slightly towards the comb

- basically, static electricity is the build-up of non-moving charges inside an object

Current Electricity

- static electricity is the build-up of non-moving charges inside an object

- current electricity is the flow of moving charges  through an object

- current electricity is the movement of negative electrons through a material

- the word current is used to describe a river, water flowing along a path from a source to a destination

- similarly, our current electricity is millions and millions of electrons flowing along a path from a source to a destination

Why does electricity flow through wires?

- the law of electric charges states that “like charges repel each other”

- since electricity is made up of only negative electrons, the electrons repel each other and push each other through the wire

- we generate huge amounts of electrons in a single area

- as these electrons push each other apart, we connect wires that allow the electrons to move along pathways

- if there is anything along that pathway, like a lightbulb, the electrons will move through it

- these devices use the flow of electricity to produce different effects

Sources of Electricity

- we “create” electricity in many different ways

NOTE: “create” is in quotation marks because we cannot actually create energy

- energy can only be converted from one type to another

1) Generators

- that device that you have at your cabin and put gasoline in to make electricity is NOT A GENERATOR

- a generator converts mechanical energy (turning, spinning, moving) into electrical energy

2) Hydroelectricity

- a variation on generators

- uses moving water to turn a turbine which then turns a generator to produce electricity
3) Wind Turbines

- also a variation on generators
- use moving wind to turn giant fan blades which then turn a generator producing electricity

4) Solar Energy

- converts light energy into electrical energy

- photons from the sun strike the solar panel causing electrons to be ejected from the surface and making them free to move through a wire
5) Nuclear Energy

- uses nuclear energy to generate heat

- uses that heat to convert kinetic energy into electrical energy

- basically, nuclear material is used to superheat water and turn it into steam


- that steam shoots through pipes and spins turbines

6)  Thermocouple

- converts heat energy into electricity

- two wires are tightly wound around each other

- as the wires are heated, they will generate an electrical current

7) Piezoelectric Effect

- converts mechanical pressure (squeezing) into electrical energy
- certain crystals (quartz) will give off electrical current when squeezed or struck

Measuring Electricity

- there are three main ways to measure electricity


1) Current



- the speed of electrons in a wire


2) Voltage



- the amount of force pushing the electrons


3) Resistance

- the amount that a wire slows the electrons down

- obviously, these three measurements affect each other

Current

- the symbol for current is I
- current is measured in Amperes (A)


Ex. 
I = 5 A

- current is a measure of how many electrons will pass a given point in a specific amount of time

- current is basically the speed of electrons in a wire

- as electrons move, they will have some speed that can be measured

- that speed will affect how the electrons do work

Voltage

- the symbol for voltage is V

- voltage is measured in volts (V)


Ex. 
V = 5 V

- voltage is the difference between the negative side of a circuit and the positive side


- it is known as electric potential difference

- the greater the difference between the positive   end of a battery and the negative end is what gives electrons the ability to move

- the greater the difference, the greater the push on the electrons which, in turn, means they are able to do more work

Resistance

- the symbol for resistance is R

- resistance is measured in Ohms (Ω)


Ex.
R = 5 Ω

- as electricity moves through a wire, the wire will cause it to slow down

- friction and collisions between the moving electrons and the particles of the wire will cause the electricity to lose speed

- no matter how good a conductor the wire is, it will still cause some loss in speed


- this loss in speed is known as resistance

- resistance can be both good and bad

- when we are dealing with communication through wires, resistance is bad

- resistance causes signals to degrade as they pass through wires

- resistance, however, controls electricity in our homes and prevents fires

Factors that Affect Resistance

- the resistance of a circuit depends on a number of factors


1) length of the wire (L)

- as electrons pass through a wire, the wire causes them to slow down

- obviously, a longer wire will slow them down more


2) width of the wire (A)



- electrons need a path to follow


- obviously, a wider path would make it easier 
for them to move and slow them down less

3) Resistivity
(ρ)



- each metal has its own level of resistance



Ex. gold is more conductive than silver

- the type of metal that the wire is made of will affect the resistance

R = ρL / A
Ohm’s Law
- Ohm’s Law is an equation that relates the voltage in a circuit to the current and resistance of the circuit

V = I R

- basically, the voltage of a circuit is equal to the current multiplied by the resistance

- this equation can be rearranged to give you

I = V
     R

- this makes sense


I = current = speed of electricity in a wire


V = voltage = force pushing the electrons


R = resistance = how much the circuit slows the 





     electricity down

- if you think about it, the speed of the electricity (current) depends on how hard the electrons push each other (voltage) and how much the wire slows them down (resistance)

Read p. 273-274. Practice Problems 1-3 on both pages.



p. 281, Questions 9-11

Series vs Parallel Circuits

- a circuit is an unbroken pathway that electricity follows in a loop


- BUT there are two kinds of circuits

- a series circuit is a single loop


- there is only one path to follow


- there are no branches

- if the wire breaks anywhere, the whole circuit shuts down 

- a parallel circuit is a loop with multiple paths


- there are multiple paths to follow


- there are multiple branches


- if the wire breaks in one of the branches, the other  
branches will still work
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- most of the devices we use are parallel circuits

Ex. Your television can be muted.

- that means that your TV screen can be on, but your speakers off

- they must be on different branches

- a switch in a parallel circuit would only control a device on that specific branch

- we can also control the amount of electricity that passes through each branch by using resistors

Power

- power is a word that people often confuse with electricity

- they think that “power” and “electricity” are synonyms


- they are not

- power is actually a measure of how much energy a device uses per second

- in order to do work, we need energy

- devices that use electricity actually consume energy and convert it to different types

Ex. Your television converts electrical energy into sound and light

- power tells us how much energy is being used by a device (or a house) per second

- energy, itself, is measured in Joules (J)

- we measure time in seconds

Power = Energy / Time

The equation for Power is

P = W / t

“Uh, sir… Why did you write a W there?”
- when we deal with electricity, we talk about the amount of work that electricity can do


- power is a measure of work versus time

-Power is measured in Watts (W)


- a Watt is one Joule per second


Ex. 
P = W / t



P = 150 J / 2 s



P = 75 J/s



P = 75 W

- you may know the term Watts from a lightbulb

- lightbulbs convert electrical energy to heat and light

- the higher the Watt value, the more electricity it converts per second

Electricity is a vital part of our lives and only by understanding the way it works and how we can control it, can we make sure that it will work in the future.

End of Unit 3

