Electromagnetic Induction and Generators
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Name and date submitted (3 pts): 

Create space in between problems below and write or type your answers. KEEP THE SAME NUMBERING!
Wind turbines make electricity by spinning a generator mounted behind their blades, and sending the alternating current (AC) down a long wire to the power grid. How does a generator work?

You probably already know that if you wind several loops of insulated-copper wire around a steel bolt, and hook the wire ends up to a battery, you create an electromagnet. In the same way, when you quickly move magnets past a coil of wire, a current is generated in the wire. We call that “induction”, and that is how a generator works. A generator simply moves magnets past a number of coils very quickly (around 1800 rpm or so…) and makes (“induces”) alternating current (AC).

RESOURCES: “Faraday’s Electromagnetic Lab” http://phet.colorado.edu. The sim is also posted next to this handout. 
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Bar Magnet Tab
1. Click on the Bar Magnet Tab and you should see a bar magnet and compass on the screen.  Please note that the color red refers to North and white refers to South.  Place the compass at the North end of the bar magnet and observe which way the “red tip” of the compass points.  Move the compass to the South end and observe where the “red tip” of the compass points.  What can you say about where the north (red) tip of a compass points?



2. Use your response to #1 to explain why the Earth’s geographic North Pole is actually the magnetic South Pole.



Pickup Coil Tab
3. Set the number of loops to “1” and note what happens to the light bulb when

The magnet is not moving and is not in the loop –

The magnet is moving and is not in the loop –

The magnet is not moving and is in the loop –

The magnet is moving and is in the loop - 

4. Does the speed of the magnet affect your results to #3?  If so, describe how.



5. Increase the number of loops to “3” and see if it affects your results from #3.  If so, describe how.



6. Replace the light bulb with the little voltage meter, and also increase the loop area to “100”. Move the magnet back and forth through the loop and see if it affects your results from #3.  If so, describe how.

Electromagnet Tab
7. You should see a battery attached to a coil of wire (an electromagnet) and a compass on the screen.  Move the electromagnet around the screen and describe what the compass does.


8. Move the compass around the electromagnet in order to determine the North and South poles. Now slide the battery switch all the way to the left so the 10 volts reverses its polarity. Do the North and South poles change? Try your best to explain what’s going on. 
9. Change your current source from DC to AC and describe what the compass does.


10. Observe the electrons moving in the coil using the AC current source, and compare their movement to those in the DC current source.  Explain the difference between DC and AC in terms of electron movement.
11. Gradually change the number of loops in the coil from 4 down to 1, and back again. How does the number of loops effect the magnetic field produced? 

Transformer Tab
12.  The last tab showed us that current can create a magnetic field.  Can this magnetic field be used to generate electricity? Move the battery-powered electromagnetic back and forth so its smaller loops go through the larger loops of the light bulb-connected coil (back and forth repeatedly), and note what happens.  


13.  Based on your observations, can electricity in one coil be used to create electricity in a nearby coil? Explain how.



14. Change to an AC source.  Note what happens while the electromagnet is not moving.  Why does the light bulb light up?  

15. Position the smaller coils right inside the larger coils (to maximize the effect). Stay with the “AC current source”. Gradually change the number of loops in the small coil from 4 down to 1, and back again. How does the number of loops effect the light bulb? (If it’s easier to see the changes, you can replace the light bulb with the voltage meter). 

16. Now gradually change the number of loops in the larger (pickup) coil from 3 down to 1, and back again. Describe the effects on the light bulb.
17. Now change the “loop area” of the larger (pickup coil) from 20% to 100%, and back again. Describe the effects on the light bulb. 

18. Now, on the small coil, experiment with the vertical slider (the current) and the horizontal slider (the frequency). Describe the effects of each one on the light bulb. 



Generator Tab – Putting it All Together

19.  Turn on the water faucet and describe what happens. Explain in some detail! 

20. What happens when you change each of the following

a. Water flow - more vs. less

b. Magnet strength - decrease vs. increase

c. Loops in the coil – fewer vs. more

d. Loop area – greater vs. less
