
Faraday’s Law using the Helmholtz Coils Apparatus 

(adapted from Eleftherios Moschandreou’s writeup) 

 

Theory: 

Faraday’s Law of Magnetic Induction 

Just as a current in a wire creates a magnetic field, a CHANGING magnetic field 
can induce a current in a coil. The average induced emf in a circuit with N tightly 
wound loops where the magnetic flux (φB=B·A) through each loop changes by an 
amount ∆φB during the interval ∆t is 

𝜀𝜀 = −𝑁𝑁 ∆𝜑𝜑𝐵𝐵
∆𝑡𝑡

      (1) 

The negative sign determines the direction that the current will flow in the loops. 
From Lenz’s Law, the induced current is in the direction that creates a magnetic 
field that opposes the change in the original flux through the circuit. 

Procedure: 

1. Disconnect the wires to the Helmholtz coils. Connect the power supply to 
the left coil only. Determine the direction of the magnetic field created by 
the left coil using the right hand rule. 

2. Connect the right coil to a multimeter so that it will measure the current in 
mA. 

3. Set the power supply voltage to 1 V. Observe and record the current 
flowing in the second coil. Iind=_________ 

4. Set the power supply voltage to 12 V. Observe and record the current 
flowing in the second coil. Iind=_________ 

5. As you turned on the power supply, you may have noticed that the 
multimeter recorded some current, but then the current was zero when the 
power supply was a steady 1 V or 12 V. From Faraday’s Law a changing 
magnetic field is needed to induce a current in the second coil. To produce 
a changing current (and thus a changing magnetic field), the power supply 
can be programmed to ramp the voltage from 0 to 18 V. Turn the knob on 
the power supply to the ramp setting (∕|∕|). While the voltage light blinks 



slowly, set the voltage to 18 V. Now press and keep holding the display 
button. The voltage light blinks faster. Set it to 0 V. The power supply is 
now programmed to ramp from 0 V to 18 V. 

6. Push the display button once. The Time light is constantly on. Set it to 10.0 
seconds. Press and hold the Display button. While the Time light blinks fast, 
set the number of repeats to 1 with the middle Fine knob.  The voltage will 
ramp from 0 to 18 V in 10.0 seconds for one time. 

7. Push the Start button. Record the current of the multimeter. To repeat the 
ramping of the voltage, push the Start button again. Iind=______________ 

8. Even though the right coil is not connected to a power supply, a current is 
induced in it due to the varying current in the left coil! 

9. Set the time to 5.0 seconds. Push the Start button. Record the current of 
the multimeter. Iind=______________ 

10. Set the time to 2.0 seconds. Push the Start button. Record the current of 
the multimeter. Iind=______________ 

11. Change the setting back to 10.0 seconds. Change the number of repeats 
from 1 to -1. The power supply will ramp from 0 to 18 V in 5.0 seconds and 
then back to 0 V in 5.0 seconds. Record your observations about the 
current. Iind=______________________ 

12. Measure the resistance of the right coil. R=______________ 
13. Both coils have 500 turns (N=500) and radii of R=0.105 m. Assume that the 

magnetic field is uniform inside the loop (although it is not!). Calculate the 
initial and final flux through the right coil due to the field created in the left 
coil for the 0 to 18 V, t=10.0 seconds case. Use Faraday’s Law of Induction 
to calculate the induced emf in the right coil. Multiply this induced emf by 
500 to get the total emf created. 

14. Calculate the induced current using the measured resistance (~18 Ω) of 
your coil. Compare this value to your measured current value. 

15.  Take a bar magnet and move it towards the right coil with the ammeter 
connected to the coil. Draw a picture denoting the N and S poles of the 
magnet, the direction the magnet is moving with respect to the coil, and 
the direction of the induced current. How does the magnetic flux change in 
the coil? What is the direction of the induced current after the magnet has 
passed through the loop? 

16. Reverse the polarity of the bar magnet and repeat question #15. 



Questions 

1. Two circular conducting loops lie on the same plane with the one inside the 
other. The voltage provided by the source to the outer loop gradually 
decreases. What can be inferred about the direction of the induced current 
in the inner loop? 

a. Runs clockwise. 
b. Runs counterclockwise. 
c.   The inner loop is not connected to the battery so no current can 

exist in it. 

 

 

 

 

2. A flexible circular wire of radius 0.6 m has a resistance of 20 Ω. The loop is 
in a space where a uniform magnetic field of magnitude B=0.5 T exists with 
direction as shown below. The loop is gradually deformed into a 
rectangular loop with l=1.6 m and w=1.2 m. If the deformation happens in 3 
s, what is the average induced emf in the loop? What is the direction and 
magnitude of the induced current? 

 

 


