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Induction  Physics 246 

Theory: 

When a magnet is passed through a coil there is a changing magnetic flux through the coil that 
induces an electromotive force (emf) in the coil. According to Faraday’s law of induction: 

    ξ 
t

N
∆
∆

−=
φ    (1) 

where ξ is the induced emf,   N   is the number of turns of wire in the coil, and   
t∆

∆φ   is the rate of change of 

the flux through the coil.  In this experiment, a plot of the emf  vs.  time is made and the area under 
the curve is found using Data Studio software. This area represents the flux since: 
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Generators and Motors: 

Because of induction, a coil of wire turning in a magnetic field can be used to generate 
electricity. Depending on how the coil is connected to the outside circuit, either AC or pulsating 
DC will be produced. The same apparatus can also be used as a motor because a coil of wire that 
is carrying a current will rotate if it is placed in a magnetic field. 

 Transformers 

The transformer makes it possible to change a small voltage into a large voltage or a large 
voltage into a small one. A transformer has two coils connected such that the magnetic flux in one 
coil also passes through the other coil. One coil called the primary is attached to an AC voltage 
source resulting in an alternating current which produces an alternating magnetic field in the other 
coil which is called the secondary. The alternating magnetic field in the secondary induces a 
voltage in the secondary. If the primary has NP turns and the secondary has NS turns then the 
voltage induced in the secondary is given by the formula: 
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Depending on the values of NP and NS we can have a step-up or a step-down transformer.   

A. Procedure: Induction I 

In this activity, the Voltage Sensor measures the voltage (emf) induced in a coil by a magnet as 
the magnet moves through the coil. The Data Studio program records and displays the induced 
voltage versus time, and calculates the area under the curve of voltage vs. time plot. 

 

1. Open Data Studio and connect the voltage sensor on the interface. 

2. Connect the sensor to the large solenoid. 
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3. Hold the magnet so that the south end is about even with the beginning of the 
solenoid, not inside. 

4. Start data recording in Data Studio and begin moving the magnet into the solenoid 
until the magnet end is even with the other side of the solenoid. Then, move the 
solenoid back out to the original position. Stop recording. 

5. Now, drag the voltage icon to the graph icon.  A graph of voltage vs. time should be 
displayed.  

6. Using your mouse, highlight over the peak above the x-axis and select Area.  

7. Repeat for the peak below the x-axis. 

8. Compare the Areas. From above we see that they should be equal. Calculate the 
percentage difference between the two values. 

9. Now, repeat the process flipping the magnet pole. Question: What difference is 
noticed between the graphs? Why? 

B. Procedure: Induction II 

Now we will work to verify that ξ is proportional to the number of turns N by employing two 
coils of different number of turns moving through the same magnetic fields. 

1) Connect two voltage sensors to the Data Studio. Double click on the sensors and set them to record 
data at 20 Hz. Combine both voltage measurements on a single graph. 

2) Connect one voltage sensor to a solenoid with 1600 turns (or loops) and the second voltage sensor 
to a solenoid with 400 turns. 

3) Now perform the following sequence of actions at the same speed: 

a) Place the two solenoids side by side so they are coaxial. 

b) Rapidly insert the north end of the magnet all the way into the solenoids, pause and then rap-
idly remove it. 

c) Hold the magnet in a horizontal position and rapidly slide the coils so that the magnet passes 
through them, pause and then slide them off. 

d) Flip the magnet over and repeat the above sequence with slower motions and with the south 
pole inserted first. 

After a few trials you should be able to complete this sequence in about 20 seconds. It is important 
that the magnet always enter both coils. In your conclusion you should discuss all aspects of the graph 
you have produced. Among the observations you expect to see and comment on are: 

• The induced voltage is proportional to the number of turns. 

• The sign of the voltage induced when removing the magnet should be the opposite of that 
induced when inserting the magnet. 

• Inserting the south pole should induce the opposite voltage as inserting the north 
pole.  

• The voltage induced should be proportional to the speed of motion. 



 3 

• No voltage should be induced when the magnet is stationary. 

• It should not make any difference whether the magnet is moved or the solenoids. 

 

C. Procedure: DC generator 

1. Rotate the crank of a DC (blue) generator and notice what happens when a 100 ohm resistor load 
is attached. Explain. 

2. Connect two generators together. Crank one and observe how the other one turns. It is 
functioning as a motor. 

3. Now, crank the generator and count the number of turns (including fraction) of the motor. 
Calculate the ratio (motor turns)/generator turns)x100%. This can be viewed as a somewhat crude 
measure of the efficiency of the generator, transmission and motor. 

D.  Procedure: Transformers: 

The transformers that you will construct today will generally produce a smaller VS than predicted 
by Equation 3 because it has been designed to make it easy to change coils and this makes it diffi-
cult to achieve a high efficiency.  In order to compensate for the low efficiency, we will modify the 
equation to read 
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where eff is the efficiency, which should be the same for each transformer you build. Solving we 
find: 
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Figure 1: Initial Setup 

 

1. Connect two voltage sensors to the Data Studio interface as shown in figure 1.  Set the fre-
quency of data acquisition to 1000 Hz (double click on each sensor icon to set).  Select a 
scope display and this will take data from channel A (ChA). You can then drag the ChB icon 



 4 

from the Data area and this will create a dual trace oscilloscope. You can make the 
oscilloscope trigger on ChA. 

2. Make a step up transformer with NP = 1600 and of NS =3200.  Set the Wavetek signal 
generator to 60 Hz and the output voltage to a sine wave of 5.0 V.  Measure VP (ChA) and VS 
(ChB) on the scope display and compute the efficiency eff using equation 5. 

3. Repeat step 2 with step-down transformers with NP = 1600 and NS = 800, 400 and 200 and 
calculate the efficiency in each case. 

4. Calculate the uncertainties for all of the efficiencies calculated above and include these 
uncertainties in the table.  Assume that the uncertainty in voltage is due to the difficulty in 
reading the display (you must estimate this) plus a systematic uncertainty of 2%. 

5.  Sample Calculation  Do a complete sample calculation for the uncertainty calculated in step 
4 for the first set of data in your table.  

 

 

 


	Theory:
	Generators and Motors:
	Transformers
	A. Procedure: Induction I
	B. Procedure: Induction II
	C. Procedure: DC generator
	D.  Procedure: Transformers:

