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Physics 121 Lab 8:  Electromagnetic Induction
Activity 1: A Moving Magnet and a Coil
1. Lay the small coil flat on the table, connect it to the voltage probe, and connect the voltage probe to channel A in the Science Workshop Interface.
2. Open PASCO Capstone. Click on “Hardware Setup” at the left, click on the image of the Channel A port, then scroll down and select “Voltage Sensor.”  Click on “Hardware Setup” again to get rid of the box. Select graph from the right column. In the graph window, click on the “<Select Measurement>” on the y-axis and select “voltage.”
3. Insert a bar magnet, with the taped end down, into the hole at the center of the small coil.
4. Click “Record” and then quickly lift the bar magnet straight up and then click “Stop.”  The computer should display the emf induced in the small coil.  Several trials may be required to get the correct timing between the start of data collection and the movement of the magnet. Note and record the sign of the induced emf. 

sign of emf: __________

5. Now quickly lower the magnet toward the coil, with the taped end still downward.  What is the sign of the emf?

sign of emf: __________

6. Perform the same pair of experiments with the untaped end downward?  Record the sign of the emf.

Moving magnet upward: ____________

Moving magnet downward: ___________
7. Use a compass to determine which end of the magnet is the magnetic north pole.  (Remember that the Earth’s magnetic pole in the North is a south magnetic field.)

Taped end:  N ____ or S ____

8. Turn the small coil over and note the arrows indicating the direction of the conventional current in the schematic. Check that the red connector in the voltage probe is plugged into the port further upstream.  If so, then a positive emf drives a current in the direction of the arrow.  Consider a magnetic field along the axis of the probe in the direction of the right hand rule with respect to the current to be positive. Then, in which cases do you get a positive emf:

__ when a magnetic field in the positive direction increases rapidly

__ when a magnetic field in the positive direction decreases rapidly

__ when a magnetic field in the negative direction increases rapidly

__ when a magnetic field in the negative direction decreases rapidly.
Physics 121 Lab 8:  Electromagnetic Induction (cont)

Activity 2: Two Coils and a Varying Current – Qualitative

1. Connect the low resistance output of the signal generator to the large coil (without the 1.2 k. resistor).  Also connect the large coil to another voltage probe and connect that probe to Channel B in the Science Workshop Interface.
2. In Capstone, click on Hardware Setup, click on the Channel B image, and select “voltage sensor.”  Click again on “Hardware Setup” to remove the window. Move the cursor to the graph window, and then on the bar that appears at the top, select the sixth icon from the right to “Add a new plot.”  Click on the “<Select Measurement>” on the new y-axis and select “Voltage, Ch B.”  Keep in mind for the following that the Ch. A voltage is in the small coil and Ch. B is in the large.
3. Turn on the generator and set the frequency to 20.0 Hz, the waveform to “sine,” and the amplitude to a maximum.

4. At the bottom of the Capstone window, change the “frequency” setting to 500 Hz.

5. With the large coil laying flat on the table, place the small coil at its center so that the axes of the coils coincide. Be sure no magnets are near either coil.

6. Press ‘Record’ and then ‘Stop’ right away. Click on the “auto scale” button, the left-most icon at the top of the graph window.  You should then see two sine curves displayed. The Ch. A curve is the induced emf in the small coil by the varying current in the large coil. 

7. How do the amplitudes of the two curves compare?  Comment, qualitatively.

8. Note the relative phase of the emf in the small coil in comparison to the emf in the large coil.  Do they peak at different times?  Comment on the phase relationship of the two curves.  The emf in the small coil is “induced” by the magnetic field of the large coil.  Considering the phase shift, when is the induced emf greatest --  when the magnitude of the B field inside the coil is greatest, or when the rate of change of the enclosed B field is greatest?

9. Tilt the small coil so that the plane of the coil is at 45o with respect to the plane of the large coil, but keeping the coil at the center of the large coil. While holding the small coil in this position, collect data and note the amplitude of the induced.  How does the relative amplitude of the induced emf in the small coil compare to what you saw in the previous experiment?  Why might this be?
10.  Repeat step 9 for a rotation of 90o.  What happens to the induced emf?
11.  Repeat for a rotation of 180o.  Explain what happens to the induced emf now.
12.  Explain how the orientation of the secondary coil relative to the primary affects the response of the secondary to a varying current in the primary.
Activity 3: Two Coils and a Varying Current –  Quantitative
1. Disconnect the large coil from the generator and the Pasco interface and measure its resistance using a DMM and its radius using a ruler.


Resistancelarge =




radiuslarge=
2. Replace the large coil in the circuit, and position the small coil in the center of the large coil so that the axes of the two coils coincide.
3. Collect some data and measure the maximum of the voltage across the large coil and the maximum of the induced emf in the small coil.


(Max V)large =

(Max emf)small =
4. Calculate the maximum current in the large coil, Io.

(Max I)large =
5. The expression for the magnetic field at the center of a circular loop with N turns is 






B = oNI/2r, 
where r is the radius of the loop.  The current in the large coil is I = Io sint where Io is the maximum current,  = 220 radians/s, and the number of turns in the large coil is Np = 200.  What is the magnetic field at the center of the large coil as a function of time?
B(t) = 
6. (a) What is the time derivative, dB/dt, as a function of time?  

dB/dt=
(b) What is the maximum value of dB/dt?

7. Measure the diameter and calculate the area of the small coil, A.


dsmall = 



Asmall =
8. Faraday's law states that the induced emf in the small coil is given by
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where Ns is the number of turns in the small coil and 

 is the magnetic flux through the small coil. Calculate the maximum induced emf predicted by Faraday’s Law.

9. Quantitatively compare your measured value for the induced emf with that predicted by Faraday's law.  Comment on the result.
10.  In Questions 7 and 8, you were instructed to use the area of the small coil.  However, the B field you used (that due to the current in large coil) is non-zero throughout the area of the large coil.  Why should you use the area of the small coil instead of the large coil?  
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