PHYS 2426 – Engineering Physics II

Introduction to Current
Leader: _____________________________  Recorder: ___________________________
Skeptic: _____________________________ Encourager: _________________________
Materials

Part 1

Laptop

For Part 1 only the following should be on the table

D cell

Low voltage light bulb (no socket)

One only stiff piece of single strand hook up wire stripped on both ends

Part 2
Genecon
6 V light bulb in socket
1 F capacitor   
2 x D cells in holders (or C cells)
800 Turn Coil
alligator clips (light weight)

Compass

Introduction


In this lab we will investigate some basic properties of current.  In part 1 we will establish the necessary condition for a current to flow in a circuit, and in the second part of the lab we will connect the idea of current to that of charge.
Part 1  When does a Current Flow
Start the laptop.  Open Internet Explorer and go to phet.colorado.edu

Start the Circuit Construction Kit simulation.

Drag a single light bulb, a single battery, and a single piece of wire onto the blue field.  Connect these so that the light bulb lights.

Q1)  Sketch the configuration that worked.

Q2)  How many points of connection does each circuit element (i.e. the battery, light, bulb, and wire) have.

Examine the light bulb on your desk.

Q3)  What are the two points of connection?

Repeat the task you just did on the simulation with the real battery light bulb and piece of wire.

Q4)  Sketch the arrangement that made the light bulb light.

Experiment with the orientation (the polarization) of the light bulb and battery and find three other arrangements that make the light bulb light.
Q5)  Sketch these arrangements in the space below.

Q6)  When the light bulb is lit, a current is flowing through it.  What condition must be met so that a current flows?

Q7)  Can you make the light bulb light using only the wire and bulb but no battery?

Q8)  Describe completely the closed circuit you have formed when you made the light bulb light.

Part 2 – Relationship of Current and Charge

In this part of the activity we will use a genecon as a source of potential difference to place a charge on a capacitor.  A capacitor is a device which stores charge.  We will see later in the course that if we apply a potential difference, ΔV across a capacitor, then the capacitor will store a charge, Q, that can be determined from the relationship Q = CΔV, where C is the capacitance, of the capacitor
Q1)  Once you have stored a charge on a capacitor, what will happen to the charge on the capacitor if you connect a conductor across the plates?
Make sure that the Genecon is connected so that the red coated wire is on top.  Connect the red coated wire to the terminal on the capacitor that sticks out of the plastic and the white coated wire to the terminal attached to the metal case of the capacitor.  With the handle facing you, turn the Genecon handle clockwise at a rate of about 1 turn per second.  Note that the Genecon provides a continuous conducting path between its terminals.
Q2)  Does it become easier or harder to turn the Genecon handle as the capacitor becomes charged?

Q3)  Release the handle of the Genecon.  Describe what happens.

Q4)  Does the handle keep turning indefinitely or does it come to rest?

Q5)  What has happened to the charge in the capacitor when the handle has come to rest?

Q6)  Complete the following.  The Genecon handle will continue to turn while the ________ is flowing through the Genecon.

Connect one alligator clip to one side of the socket containing the light bulb, leaving the other end free for now.  Connect the second alligator clip cable to the other side of the socket in the same way.  Turn the handle on the Genecon clockwise (with handle facing you) again to charge up the capacitor.  Quickly disconnect the Genecon from the capacitor and connect the free alligator clips to either side of the capacitor.
Q7)   Describe what happens to the light bulb.  

Q8)  Does the effect continue indefinitely or does it stop?

Q9)  Complete the following.  The light bulb will light while _________ is flowing  through it.
Disconnect the alligator clips from the capacitor and the light socket.  Connect the alligator clips to the coil of wire similarly to how you connected them to the light socket.  Place the compass next to the coil.  Use the Genecon to charge the capacitor again.  Disconnect the Genecon rapidly from the capacitor and connect the coil of wire to terminals of the capacitor.
Q10)  Do you observe any effect on the compass?  Describe it.

Q11)  Does the effect continue indefinitely or does it stop after a while.

Q12)  Complete the following.  The compass will be deflected by the coil while the ___________ is flowing  through the coil.

At this point we have observed three different effects while the capacitor is being discharged through a wire.  1)  We can run a motor.  2)  We can light a bulb.  3)  We can deflect a compass needle.  

Q13)  When using the capacitor all of these effects are transient (i.e. they fade away).  Explain why.

If we use a device which can continuously supply the energy needed to provide charge then we could make these effect continuous.

Connect two D cells in series (+ terminal of one connected to the – terminal of the other).  Remember when we connect cells in series, we call it a battery.  Connect the opposite terminals of the battery to the leads of the genecon.  

Q15)  Describe what happens.

Q16)  Is the effect continuous or does it fade away?

Disconnect the battery from the Genecon and connect it to opposite terminals of the light bulb.

Q17)  Describe what happens.

Q18)  Is the effect continuous or does it fade away?

Disconnect the battery form the Genecon and connect it to the terminals on the coil.

Q19)  Describe what happens to the compass needle.

Q20)  Is the effect continuous or does it fade away?

Q21)  With the capacitor we saw that while the charge flowed between the plates we could turn a motor, light a bulb, or deflect a compass needle.  Could you see these same effects when a battery was used instead of the capacitor?

Q22)  With the battery were the effects continuous or transient?

Q23)  What can you conclude about charge flowing in the circuit when a battery was used?

We define the electric current as the rate at which charge flows, i.e. how much charge flows per time.  It is customary to use the letter i for the current and so in symbols the current is defines as 
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 , where q is how much charge flows in the time t.

Q24)  The SI unit for current is the ampere, A.  Use the definition of current to express the ampere in terms of coulombs and seconds.

Q25)  The way the SI system is set up, the ampere is actually taken to be the fundamental unit for electricity and the coulomb is a derived unit.  Use your answer to Q25 to express the coulomb in terms of amperes and seconds.
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