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Topics covered in this lab:

· Circuits

· Electric Current

· Conductivity

Experiment 1:  Single Bulb Circuits
Materials:

· Flashlight battery

· Light bulb

· Wire

We begin our study of electric circuits by connecting a battery and a bulb together and observing what happens. We investigate the conditions under which the bulb lights brightly, dimly or not at all. 

Obtain one battery, one light bulb, and one wire. Connect these in as many ways as you can. Sketch each arrangement on the next page. On one side of the page, list arrangements in which the bulb lights. On the other side of the page, list arrangements in which the bulb does not light.

You should make sketches of at least four different arrangements that light the bulb. How are they similar? How are they different from arrangements in which the bulb fails to light?
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Use the space below to state what requirements must be met in order for a bulb to light. Discuss as a class.
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Experiment 2:  A Model for the Electric Circuit
Materials:

· 6V Battery

· Light bulbs

· Heavy hookup wires

· Thin wire.

An arrangement of a bulb, battery and wire that allows the bulb to light is said to be a closed electric circuit. The terms complete circuit, or just circuit are also used. The word “circuit” was originally used to mean “a circular route or course”. 

In working with electric circuits, you may have noticed some regularity in the way they behave. Perhaps you have begun to form a mental picture, or a model, that helps you think about what is happening in a circuit. In this experiment, we will begin the process of developing a scientific model for an electric circuit. 

A scientific model is a set of rules that applies to a particular system that makes it possible to explain and predict the behavior of that system. We would like to build such a model for electric circuits that will enable us to predict the behavior of any circuit of batteries and bulbs. If we connect several bulbs and batteries together in a circuit, we would like to be able to predict which bulbs will light, which will be brightest, dimmest and so forth. 

Activity 1: Briefly connect the terminals of a battery with the thin wire until the wire feels warm. Don’t maintain this connection for more than 5 seconds at a time since the wire will get very hot. Does the wire seem to be the same temperature along its entire length or are some sections warmer than other? What might this observation suggest about what is happening in the wire at one place compared to another?

Now make a single bulb circuit using the 6V battery and hook-up cables you have been provided.  Sketch your circuit below. Show the working circuit (with the bulb lit) to the instructor before moving on. Note the brightness of the bulb.

When a wire or a light bulb is connected across a battery, we have evidence that something is happening in the circuit. The wire becomes warm to the touch; the bulb glows. In constructing a model to account for what we observe, it is helpful to think in terms of a flow around a circuit. We can envision the flow in a continuous loop from one terminal of the battery, through the rest of the circuit, back to the other terminal of the battery, through the battery, and back around the circuit. We have found that a light bulb included in this circuit will light. 

We shall assume that the brightness of the bulb is an indicator of the amount of flow through the bulb. Brighter means more flow (though “twice as bright” does not necessarily mean twice the flow).
The assumptions that something is flowing through the entire circuit (including the bulb) and that a light bulb can be used as an indicator of the flow are both consistent with our observations. 

Follow-Up Question:

1. Can you tell from your observations thus far the direction of the flow through the circuit? Why or why not? Can you think of any way you might be able to figure this out? 
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Discuss the above activity as a class.

There is a standard way to draw diagrams that represent electrical circuits. Shown below is a circuit diagram for a bulb attached to a battery:


[image: image1]
Notice that the diagram indicates the way in which things are connected: A wire goes from one side of the battery to one terminal on the bulb. A second wire goes from the other side of the battery to the other terminal on the bulb. Wire up a circuit in this way and verify that the bulb lights up.

Consider the following dispute between two students:
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Student 1: “When the bulb is lit there is a flow of electric current from the battery to the bulb. There is also an equal flow of electric current from bulb back to the battery.”
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Student 2: “There is only flow from the battery to the bulb. We know this is so because a battery can light a bulb, but a bulb can’t do anything without a battery.”
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Do you agree with student 1 or student 2? Explain your reasoning. Discuss as a class.
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Activity 2: Set up a circuit having two bulbs connected one after the other, as shown in the diagram to the right. When bulbs are connected one after the other in this way they are said to be in series.

Compare the brightness of the two bulbs. Pay attention to large differences only – small differences may be due to the fact that no two bulbs are exactly the same:

Compare the brightness of each of the bulbs in the above circuit with the brightness of the bulb in the single bulb circuit of Activity 1. 

Switch the order of the bulbs in the above circuit and see if this makes any difference:

If one of the bulbs is unscrewed, what happens to the brightness of the other bulb?
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How does the amount of electric current that flows from the battery in the series two bulb circuit compare with the amount of electric current that flows from the battery in the single bulb circuit? Explain your reasoning.  Discuss as a class.

Activity 3: Set up a two-bulb circuit having the terminals of the bulbs attached together as shown in the diagram to the right. When bulbs are connected in this way they are said to be connected in parallel.
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Compare the brightness of the two bulbs:

Compare the brightness of each of the bulbs in the above circuit with the brightness of the bulb in a single bulb circuit:

Switch the order of the bulbs in the above circuit and see if this makes any difference:

If one of the bulbs is unscrewed, what happens to the brightness of the other bulb?

How does the amount of electric current that flows from the battery in the parallel two bulb circuit compare with the amount of electric current that flows from the battery in the single bulb circuit? Explain your reasoning.  Discuss as a class.
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How does the amount of electric current that flows from the battery in the parallel two bulb circuit compare with the amount of electric current that flows from the battery in the series two bulb circuit? Explain your reasoning.  Discuss as a class.

It sometimes helps to think of the flow of electricity in wires and bulbs as being similar the flow of water through pipes.  In this picture, a wire behaves like a big fat pipe through which water flows very easily, and a bulb is like a skinny pipe through which water flows more slowly. In the same way, electric current flows very easily through the wires used when hooking up a circuit, but faces more resistance when flowing through a bulb.  
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You can think of a battery as a pump. A water pump pushes water through pipes by creating pressure. A battery pushes electric current through wires and bulbs by creating a voltage. Just like pressure is a measure of how hard a pump can push water, voltage is a measure of how hard a battery can push electric current. 

[image: image13.emf] 

   


Notice that you need the water pipes to make a complete “circuit” in order for water to keep flowing. You also can’t have any leaks. These things are true in electric circuits also: You need a circuit for electricity to flow, and you can’t “leak” electricity anywhere.

To make water flow through a narrow pipe we need pressure. If we increase the pressure we increase the flow. If we make the narrow pipe longer, it’s harder for the water to move, and the flow becomes smaller.

In the same way, to make electric current flow through a lamp we need voltage. If we increase the voltage we increase the flow and the lamp becomes brighter. If we put two lamps one after the other it becomes harder for current to flow, and the lamps become dimmer.  
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For electric circuits this is summarized by Ohm’s Law: I = V/R which says that the current I through any part of a circuit is equal to the voltage V pushing across that part of the circuit divided by the resistance R of that part of the circuit. Resistance is just a measure of how hard it is for current to flow (like the skinniness of the pipe), and we will investigate this more in Experiments 3 and 4.
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Activity 4: You are about to set up the three-bulb circuit shown in the diagram to the right. 

Before connecting the circuit, think carefully and answer the following questions: 

1) Predict what you expect brightness of each of the three bulbs (A, B and C) will be compared to each other.

A and B:

A and C:

B and C:

Hook up the circuit, observe the brightness of the three bulbs, and compare them:

A and B:

A and C:

B and C:

Explain in words how you think the electric current flows through your circuit in order to explain your observations. It may help to think of the water analogy.
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How does the amount of electric current that flows from the battery in the three bulb circuit compare with the amount of electric current that flows from the battery in the single bulb circuit? Explain your reasoning.  Discuss as a class.

Experiment 3:  Investigating Resistance
Materials:

· 6V Battery

· Light bulbs

· Hookup Wires

· Various materials

Using the materials provided, design a circuit that you think could be used to compare the resistance of various materials. Sketch your idea below and talk to your TA before going any further.

Classify your materials into different categories according to their effect on the bulb. Make a list of the objects in each category. An object that allows the bulb to glow brightly is called a conductor. An object that makes the bulb go out is called an insulator.


CONDUCTORS




INSULATORS
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What do most objects that let the bulb light have in common? Discuss as a class.

Experiment 4:  Can Electricity Flow In solutions?
Materials:

· 6V Battery

· Light bulbs

· Hookup Wires

· Distilled Water

· Salt, sugar & baking soda.

As in Experiment 3, design and build a circuit to compare the resistance of various materials.  This time you are getting ready to dip the ends of the wires into various solutions. What do you think will happen? Discuss it with your group and TA and write your predictions below. 

Now, dip the ends into a cup of distilled water. Does the light bulb light up? Does this agree with what you predicted?

Now add some salt to the water. Does the light bulb light up?  Look carefully at the region of the water around the wires. Write your observations below.

You are about to repeat the steps above using sugar and then using baking soda. Which do you think will make the water conduct electricity? 

Do the experiments and note your results below. 

Is plain water a good conductor? Is salty water a conductor? What in the salt creates a conducting solution? Discuss this with your group and explain your ideas below. Discuss as a class.

Why is it dangerous to use an electrical appliance with a sink or tub full of water near you, even if that water came from the tap? Use your observations in this lab to help you to answer this question.
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