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Faraday's Law of  SEQ CHAPTER \h \r 1Induction
EQUIPMENT

	
	INCLUDED:
	

	1
	Induction Wand
	EM-8099

	1
	Variable Gap Lab Magnet
	EM-8641

	1
	Large Rod Stand
	ME-8735

	2
	45 cm Long Steel Rod

	ME-8736

	1
	Multi Clamp
	SE-9442

	1
	Voltage-Current Sensor
	PS-2115

	1
	2-Axis Magnetic Field Sensor
	PS-2162

	1
	Rotary Motion Sensor

	PS-2120

	 NOT INCLUDED, BUT REQUIRED:

	1
	Capston Software
	

	3
	USB Link 
	PS-2100

	 NOT INCLUDED, BUT RECOMMENDED:

	1
	PASPORT Sensor Extension Cable
	PS-2500


Introduction:

In Faraday’s law of induction experiment we can observe how the induced emf changes or stays at 0 due to the movement of coil inside the magnet. Firstly, by having the coil not moving we will result in an angle equal to zero which makes the emf also equal to zero. but if we moved the induction wand slightly, we would see that the angle will change and show some movement in the graph, but we will still have a zero induced emf. but, with increasing the angle where the coil is moving back and forth reaching the outside of the magnet, will give us a huge induced emf. So by that we can estimate from the experiment that the larger the angle and the faster it is, the bigger the value of the induced emf will be, however the smaller the angle, and slower the same magnitude field will be and the flux will remain constant 

For the Lenz’s Law part of the experiment, shows that when we have the coil at its maximum displacements (angles) of both sides of the magnet means that the induced emf is equal to zero. these are shown by highest and lowest points/peaks on the graph of the area, similarly when we have the wand at zero degrees this also equals to a zero induced emf with a maximum magnetic field strength.
Theory:

Faraday's law is a fundamental relationship which comes from Maxwell’s equation. It serves a brief summary of the ways the emf may be generated by a changing magnetic environment. Faraday’s law of induction states that the induced emf is equal to the negative of the rate of change of magnetic flux times the number of turns in the coil. 
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While Faraday's law tells us how the magnitude of the EMF produced, Lenz's law tells us the direction of an induced emf opposes the change in magnetic flux. This means that any magnetic field produced by an induced current will be in the opposite direction to the change in the original field. The law is typically combined into Faraday's law with a minus sign, the inclusion of which allows the same coordinate system to be used for both the flux and EMF.

SET UP
1.
Put a rod in the stand and clamp the cross-rod to it as shown in Figure 1. Put the Rotary Motion Sensor at the end of the cross-rod.

2.
Attach the coil wand to the Rotary Motion Sensor with the tabs on the 3-step pulley just to the sides of the wand as shown in Figure 2.
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3.
Put the pole plates on the magnet as shown in Figure 3. Adjust the gap between the magnet poles so the coil wand will be able to pass through but put the magnet poles as close together as possible.
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Figure 1: Experimental set up for measuring induced emf in a coil.                         Figure 2: Tabs
         Figure 3: Magnet Pole Plates

4.
Adjust the height of the coil so it is in the middle of the magnet. Align the wand from side-to-side so it will swing through the magnet without hitting it.

5.
Plug the Voltage Sensor into a USB Link or similar PASPORT interface. Connect the interface into the computer. Repeat for the Rotary Motion Sensor and the Magnetic Field Sensor.

6.
Plug the Voltage Sensor banana plugs into the banana jacks on the end of the coil wand. Drape the Voltage Sensor wires over the rods as shown in Figure 1 so the wires will not exert a torque on the coil as it swings. It helps to hold the wires up while recording data.

7.
Open capstone software".
PROCEDURE

1. Check all the sensors are connected to interface 850

2. Change frequency to 1.0 kHz for all sensors
3. Open new graph and measure the maximum magnetic field strength of the horseshoer magnetic by using magnetic sensor, then record your data. Note which pole of the magnet is the north pole: 
4. When the magnetic field direction is as shown in the diagram on the sensor with the field lines coming out of the side of the sensor with the label on it, the magnetic field strength will be positive. Physically, this means a magnetic north pole on the other side of the sensor and a south pole on the side of the sensor with the label.
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5. Put the coil wand between horseshoer magnet. Adjust the minimize distance.

6. Open a new graph of voltage vs time .
7. Press RECORD from the software and record about 0 peaks. Click STOP.


[image: image3]
8. Click on the tool button shown below. This will add another y-axis to the same graph. Change this new y-axis to read angle Now you have two graph displays, a  vs time graph and a voltage vs time, both connected by the same time axis.
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9. For your peaks, identify the portion of the voltage vs. time graph where the coil passes through the magnet. These are the points where the angle reads 00
10. Highlight your first positive peak. Measure, from your peak, the area under the peak by using the “area” button next to the statistics button as shown. [image: image6.jpg]Mt et




This area equals to magnetic Flux experimental
11. Use the Smart Cursor to determine the difference in time from the beginning to the end of the same first peak.


[image: image7]
12. Calculate experimental Induced EMF by dividing the peak area (experiment) by time difference you measured above (t) as EMF=/t.
13. The theoretical magmatic flux is always given by using theoretical=NBA, where the “A” is the area of the coil swinging through the magnet.
14. Find rate of change of magnetic flux with time for the first peak by using 
theoreticalt.

15. Repeat the calculation for peaks 2,3,4,5 
16. Plot a graph of experimental induced EMF (step 12) versus rate of magnetic flux change(step 14).

17.  ∆Φtheoretical/∆t is for x-axis and EMF for y-axis.
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Average coil Radius , r = 

Area of the coil A = r2 = 
B (from the graph) = 

Number of Turns of coil = N = 200

ANALYSIS
1. How is the average induced emf related to the rate of flux change ∆Φ/∆t through the coil (proportional, inverse, squared, et cetera)? 
2. If we increase number of turns in the coil wand, should we get high or low EMF? explain.

3. Identify on the graph where the coil is entering the magnet and where the coil is leaving the magnet.
4. Why is the sign of the emf of the second peak opposite to the sign of the first peak?

5. Why is the emf zero when the coil is passing through the exact center of the magnet?
6. List two factors that will affect the induced emf in a coil.
Instructors
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