Notes-Electricity
First, start by asking what students know about electricity and magnetism. You will get a variety of responses, and someone will talk about positive and negative charge, opposites attract, etc. You can jump off from this to look at charges that build up, and what happens to them. We call this statics, as in static electricity. We will deal with statics first, then we will talk about what happens when charges move. 

The Electromagnetic force is one of the four fundamental forces, as we saw in the last unit. We define an electrical charge as either positive or negative. Remember from chemistry that positive charges reside in the nucleus and negative charges in the electrons. Draw a picture of the hydrogen atom, using the Bohr model for simplicity:
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The electron is attracted to the proton, and revolves around it in circular motion. We could calculate its speed if we knew the electrical force, the mass of the electron, and the radius of motion. More on this later, but for now we just want to examine this attractive force, as well as its corollary repulsive force for like charges. To do this, we have a device called a Van de Graaff Generator, which looks like this (draw on the board):

[image: image2]
We will do a number of demonstrations with the Van de Graaff, as outlined below:

1. Charge the sphere and make some simple sparks by holding the wand near the sphere. This is a great demonstration of like charges repelling, trying to get away from each other. They will jump to the wand when their repulsive force is great enough.
2. Blow soap bubbles towards the sphere. Charges will move on the soap bubble so that it is initially attracted to the sphere, but after enough charge is deposited on them from the ion wind created by the VDG, they will be repelled from the sphere. After they are repelled, they will have a charge and can be held aloft by holding your hand above the bubble.

3. Stick a tack on top of the sphere, with the pointed end pointing up. This forma a lightning rod. You can talk about lightning rods and why they work, what they do, etc. 

4. Take two aluminum foil pie plates and put them on top of the VDG, securing the bottom one with a piece of clay or tape. Turn on the machine and the top plate should fly off. Then, take a whole stack of plates, and put them on top. They will fly off one at a time, quite comically.

5. With just one pie plate on the top of the VDG, fill it with Styrofoam packing peanuts. Turn on the machine and watch the pellets fly off in all directions! again, like charges repelling each other.

6. Take a neon tube (a discharge tube for a spectroscope works well) and attach one end to the ground wire. Carefully bring the other end near the VDG and watch the tube light up, periodically. This is a good demonstration of the charge building up and exciting the molecules in the tube as it runs through the tube to the ground.

7. Take one of the indicating electrophoruses and hold it fairly close to the VDG. Watch the small piece of tin foil move back and forth from the sphere to the pan. A good demonstration of inducing a charge.

8. Have a student with fine, long hair stand on an insulated stand (a stack of books works in a pinch) and charge the person up, watching the hair spread out. This is a good demonstration of like charges repelling. Also, it gives you a chance to talk about how voltage (the VDG produces about 300,000 volts!) is not dangerous, but rather current is. Thus when those signs read “Danger: High Voltage,” they should really say: Danger: High Current if your Resistance is Low.”
9. You can make a chain of people standing on books and show how the end person gets shocked the worst, and how people only get shocked when the charge leaves the chain.

After enjoying the van de Graaff, we will look at charges using simple materials in the Static Electricity Lab. This will help solidify the relationship between like and opposite charges as well as teaching us about conductors and insulators.
Conductors are substances that allow a charge to flow through them, such as the aluminum foil in the lab. Charges can move around inside the conductor more easily than an insulator. Insulators are substances that do not allow the flow of charge, such as the foam insulation in the static electricity lab. 

The Statics Lab is great in that it illustrates the concepts of static electricity with common household materials. Some notes about the lab: 

1. Students will get confused about what is happening with the charges on the pie plate. You will have to help them to understand that the charges can flow around on the plate and it can still have a net charge of 0. Same thing for the electroscope. 

2. They will struggle with understanding the electroscope, and in particular they will have trouble understanding why the foil strip moves away from the foam pad at one point and toward it at another. This is a good chance for you to explain how the charges are moving on the can and which charges are repelling and attracting.

3. Charging the Styrofoam cups can be tricky because every time they touch one, it will become discharged a little. To get really good repulsion, you should handle the cups only with the wool, or if necessary only on the bottom rim of the cup.

After the lab, we will have a good understanding of the qualitative nature of the repulsive and attractive forces of electricity. To further our understanding of this force, we will explore a quantitative representation of this force. Similar to the experimentation that took place with gravity, scientists explored the workings of the electrical force (remember that this is one of our four fundamental forces) in the 17th and 18th centuries. Since this force was much greater than the gravitational force on a human scale, experimenters had less difficulty coming up with the relationship, which is given by Coulomb’s Law, i.e.:


FE  = k ∙ q1 ∙ q2 / r2 , where


FE  = the electrical force of repulsion or attraction, measured in Newtons (of course!)

k = our electrical constant, known to be 9.0 x 109 N-m2 /C2.



q1 & q2   = the charges being repelled or attracted, given in units of Coulombs. A coulomb is defined as the amount of charge in 6.25 x 1018 electrons. 10 Coulombs is roughly the amount of charge in an average lightning strike, which is to say it’s a lot of charge!



and r = the distance between the charges, measured in meters.

Note here the difference in scale between the electrical constant and our gravitational constant. This difference is a matter of 20 powers of ten! This means that on a human scale, the force of electrical attraction or repulsion is much easier for us to manipulate, which is why our world is run by electrical power rather than gravity power.

Another note on the equation: the sign of the charges will tell you whether the force is attraction or repulsion. I tell students not to worry about + or -, but rather to think in terms of like or opposite charges. Like charges will produce a repulsive force while opposite charges produce an attractive force.
We will further our understanding of this force by doing the worksheet titled: Coulomb’s Law, which will also give us some practice at using the equation.

 After Coulomb’s Law, I will start by explaining that we will now look at what happens when charges move around. When these charges move, we call this electric current. In order to understand electric current, we must first define some terms we will be using.
 Current is the flow of electric charge. Current is represented by the letter I as a variable, and is measured in units of Amperes (amps or A). 1 amp of current is defined as moving a charge of 1 coulomb per second past any one point in the circuit. Think of current as the speed of electrical charge movement.
Voltage is defined as the electrical potential between two points. An electric potential is really the ability to do electrical work by bringing the charges together. We haven’t talked about work yet, but if you can imagine that it takes work to bring two like charges together since they tend to resist this because they repel each other. Thus to bring a lot of charges together takes a lot of work, which is stored as an electric potential or voltage. A voltage implies that there is a difference in charges between two points, since like charges being separated represents no potential to do work when the charges come back together. You would have to do work to the charges to make them come together if they were the same charge. Thus we have a + and  a – charge point in a potential difference (voltage). Voltage is measured in Volts (V) and is represented by the letter V as a variable. This is confusing but you can easily remember which is which if you keep track of the units.
Resistance is defined as the tendency of certain materials to slow the flow of charge through them. Some materials, like metals, have very low resistance because they easily allow the flow of charge through them. We call these conductors. Others almost completely stop the flow of charge. We call these insulators. Some materials fall in between, and these are resistors (sometimes referred to as semiconductors). Resistance is measured in Ohms (Ω) and as a variable is the letter R.

Once we have these three variables, we will naturally ask: when they are present together, what is the relationship between these three? This relationship is given by the equation:



V  =  I x R,  known as Ohm’s Law.

At this point it will be helpful to practice using this law using some common examples to understand it. An easy example is to pick up any electrical device that plugs into a wall outlet. The voltage going into the device will be 120V, and if you can find the rating (in amps) for the device, you can easily calculate the resistance of the device. Notice here that devices that use more amperes (more electricity too) have less resistance. 

We will further our understanding of this law by doing the Ohm’s Law worksheet, which will give us more practice with the equation.

After the worksheet, we will do a lab on Ohm’s Law. In the lab, we will take three resistors and measure the current through the resistors as we vary the voltage impressed across them.  Then, by graphing V vs. I, we can determine if they are related by a straight-line relationship. If they are, then we have proven that Ohm’s Law is valid.
Now we have explored a simple circuit with one resistor. What happens when resistors are coupled together in a circuit, as they are in almost every device we have? We want to develop some shorthand rules for  what happens when resistors are connected together. In looking at these circuits, we will find it helpful to imagine that the circuit is like a system of water pipes. Water in the pipes is like the charge flowing through a circuit. If the current in the pipes is like the flow of water, then the voltage is like the pressure in the pipes, because this is what makes the water (current) flow. The resistance in the circuit is like the size of the pipes. Smaller pipes (like in the radiator of your car) make it harder for the water to flow through the pipes, and thus resist the flow of water like a resistor slows the flow of electrical charge. Using this model, we can easily see what happens with more than one resistor in a circuit.
When two resistors are set up so that the flow of charge must go through both resistors to complete the circuit, these resistors are said to be in series. A series circuit can contain two or more resistors. To determine what happens with the current in a series circuit, think about our water model. If the water (charge) must flow through both resistors, then it must have the same rate of flow (current) in each resistor. If it didn’t, the flow of water (current) would build up a pool of water (charge) in one place, and we know that that doesn’t happen in a set of pipes (circuit). Similarly the pressure differences (voltages) across each resistor must add up to the total pressure difference (voltage) for the circuit. (This is actually a statement of Kirchoff’s Law, which we will not study).
Since the current is the same through each resistor, we can use Ohm’s Law to calculate the voltage drop across each resistor. Consider the series circuit below:
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Let the voltage drops across resistors R1 and R2 be V1 and V2, respectively. If we call the total voltage in the circuit V and the current in the circuit I, then Ohm’s Law tells us that:

V1 = I x R1 (1) and V2 = I x R2. (2)
We also know from our argument above that V = V1 + V2. (3)

Let the total effective resistance of the circuit be RT. Ohm’s law also tells us:


V  =  I x RT.  (4).   Adding (1) and (2), we get 

V1 + V2  =  I x R1 + I x R2. Factoring out I yields


V1 + V2  =  I (R1 + R2).  Substituting (3) into the left hand side yields


V  = I (R1 + R2).  Finally, Substituting the left hand side of this for (4) gives us:


I x  RT = I (R1 + R2).  Dividing by I yields


RT = R1 + R2 .   We could extend this argument for three, four, or more resistors and see that we would still just add the Rs. So, the total resistance in a series circuit is just the sum of the resistors in the circuit. (Whew!)
Now, let’s look at a situation where the resistors are connected so that the flow of charge can go through one or the other of the resistors, as in the circuit below:
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For this circuit, again let us imagine flowing water through the two resistors R1 and R2. If current is the flow of water, it is easy to see that the currents in each resistor add up to equal the total current in the circuit, just as water flow would have to add up so that no water is left out. Similarly, the pressure (voltage) of water in each branch must be the same, otherwise water (charge) would flow to the branch with less pressure (voltage).

Thus, if we define I1 as the current flowing through R1, I2 as the current flowing through R2, and I as the total current, we have:


I = I1 + I2,
(1)
V = I1 x R1,  (2)   and  V = I2 x R2  (3)

Also, if the total effective resistance in the circuit is RT, then


V = I x RT.  (4)  Substituting (1) into (4), we get


V = (I1 + I2) RT, and solving (2) and (3) for I1 and I2 yields


I1 = V/R1,   I2 = V/R2. Subbing these into the prior equation yields

V = (V/R1 + V/R2) RT, and dividing both sides of the equation by 

(V x RT) gives us

1/ RT = 1/R1 + 1/R2. We could extend this argument to any number of resistors to see that you just add more terms to the right hand side of the equation.

Putting all this together in shorthand, we have:

Series Circuits:    Voltage drops add to total voltage for circuit




Resistors add for total resistance




Current is the same in each part of the circuit

Parallel Circuits: Voltage drop is the same for each branch in the circuit




Resistance (n resistors): 1/ RT = 1/R1 + 1/R2 + … 1/Rn



Currents add up to the total current for the circuit

Now we will try using this in some simple circuits by doing the series and parallel circuits worksheet. 

After the worksheet, we will try to understand more about circuits by doing the Series and Parallel Circuits Lab.
This ends the second section of our electricity unit.

The third and final section is about Magnets and Magnetism.

What is a magnet? What is a compass? How does a compass work? How do magnetism and electricity interact? These are all questions we will answer in this section. 

Our first investigation in this unit will be constructing a compass. The lab titled “In which direction are we Headed” is an investigation that will ask you to think about the Earth’s magnetic field and a compass. The lab is really a quick one so you do not need more than 45 minutes for it.

After investigating compasses, we then ask: What does a magnet attract? In order to answer this question, we must investigate it with some magnets and some ordinary materials, doing the lab titled: Attracted to a Magnet?

This lab should lead us to the conclusion that a substance must contain Iron for it to be attracted to a magnet. Thus you can talk about the Earth’s magnetic field and its interaction with a compass and also some animals who use the magnetic field to navigate. This also is a good time to talk about a magnetic field, and what happens when an electric charge interacts with it. You can set up a simple demonstration of this by suspending a copper wire through the open ends of some horseshoe magnets that are upside-down. When you turn on an electric current through the wire, you will see the wire deflected by the interaction between the magnetic field and the current in the wire. This can be extended to look at what happens to a loop of wire. A loop of wire with a current passing through it will produce a magnetic field similar to that of a magnet, with definite north and south polar regions. We use this fact to construct an electric motor. I usually will draw the magnetic field lines around a wire, show how the lines bunch up when the wire is looped, and leave it at that. Those interested in more detail are welcome to investigate in more depth, which is beyond the scope of this course. Understanding and seeing the field lines bunch up is all that is necessary here. 

We will end our electricity unit with the construction of an electric motor. See the lab handout for more information.
Finally, a review of electricity and the pertinent information will be helpful before the unit test.
How to read Resistor Color Codes

	Black
	Brown
	Red
	Orange
	Yellow
	Green
	Blue
	Violet
	Gray
	White

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9


How to read the code
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First find the tolerance band, it will typically be gold ( 5%) and sometimes silver (10%).

Starting from the other end, identify the first band - write down the number associated with that color; in this case Blue is 6.

Now 'read' the next color, here it is red so write down a '2' next to the six. (you should have '62' so far.)

Now read the third or 'multiplier' band and write down that number of zeros.

In this example it is two so we get '6200' or '6,200'. If the 'multiplier' band is Black (for zero) don't write any zeros down.

If the 'multiplier' band is Gold move the decimal point one to the left. If the 'multiplier' band is Silver  move the decimal point two places to the left. If the resistor has one more band past the tolerance band it is a quality band.

Read the number as the '% Failure rate per 1000 hour' This is rated assuming full wattage being applied to the resistors. (To get better failure rates, resistors are typically specified to have twice the needed wattage dissipation that the circuit produces). Some resistors use this band for temco information. 1% resistors have three bands to read digits to the left of the multiplier. They have a different temperature coefficient in order to provide the 1% tolerance.

Data Table of Voltages 
	Fruit or Vegetable
	Copper and Steel
	Copper and Zinc
	Copper and Lead
	Copper and Al.
	Steel and Zinc
	Steel and Lead
	Steel and Al.
	Zinc and Lead
	Zinc and Al.
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The Van De Graaff Generator





V








charges gather on outside of sphere, trying to get away from each other
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