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Motivation

Lenz’s law is often illustrated with qualitative demonstration
experiments such as dropping a button magnet through a
conducting pipe.  Computer data acquisition makes it possible to
measure the force on a coil as the secondary effect opposing its
motion through a magnetic field.
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Experimental Setup



Equipment

P Pasco Science Workshop 750 Interface
P Dell Optiplex Pentium III 550 MHz 
P Coil and Plywood Frame
P Magnet
P Dual Range Force Sensor
P Pasco Smart Pulley 
P F. W. Bell 4048 Gauss Meter
P Low Friction Pulleys
P Dial Calipers
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Current Induced in the Coil

where v is the coil velocity, N is the number of coil turns, w is the width of the
coil, B is the magnetic field strength and R is the resistance of the coil.

Force on the Coil because of the Induced Current

Voltage Induced in the Coil



Coil Properties

P Coil Size:  7mm by 17 mm
P Number of Turns:  50
P Wire Gauge:   14

Width Determination

P Average inside width 0.0528 m
P Average outside width 0.0796 m
P Average coil width 0.0662 m



Coil Resistance

Current (A)
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Voltage vs. Current for 50 turn 14 gauge coil

R = slope = 0.1902 Ohms       Intercept = -0.0026 V



The magnet

 A U-shaped steel frame with a 4 inch
x 6 inch x 1 inch ceramic magnet on
each side.

A magnetic field of about 1750
gauss in an air gap of 1.5 inches.
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Bposition
Tcm

0.093426.80
0.119026.30

*0.132725.90
*0.150625.35
*0.161324.85
*0.167424.35
*0.171323.90
*0.173823.32
*0.175022.80
*0.175222.40
*0.175221.80
*0.174421.20
*0.173320.70
*0.170820.10
*0.169119.80
*0.163219.10
*0.159118.80
*0.147418.20

0.132817.70
0.112317.20
0.099516.85

0.1650Bave

Determination of the
Average B Field over
the Coil Width

An average of the 
measurements of the
magnetic field over the
coil width indicated by *
gives the result

Bave = 0.165 T



Force and Velocity Data for Run 10

Foff = -0.043 N

Fr1= 0.780 N
F1= 0.823 N
v1= 0.545 m/s
Fp1= 0.844 N

Fr2= 0.800 N
F2= 0.843 N
v1= 0.530 m/s
Fp1= 0.844 N Time (s)



winwoutDist

0.053320.078201
0.052900.078832
0.052110.078863
0.051980.079484
0.052300.079585
0.052650.079636
0.052320.079077
0.052650.079048
0.053000.079499
0.053300.0801310
0.053460.0809211
0.053380.0800012
0.053670.0808613
0.052040.0796114

wave2-7winwout
0.065810.052380.07924ave 2-7

0.000340.00037sd 2-7

wave 8-13winwout
0.066660.053240.08007ave 8-13

0.000360.00074sd 8-13

Determination of Coil Average Width on Each Half



1.5493F1pred/V1
1.5106F1meas/V1

2.50% error
0.0396stand dev

1.5920F2pred/V2
1.6274F2meas/V2

2.22% error
0.0321stand dev

Lenz's Law, Measurement of Reaction Force on a Coil as Magnet Sweeps Past
(NBW2)2/RN B W 2(NBW1)2/RRN B W 1W2aveW1aveBNJuly 2, 2002
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F2meas/V2F2predF2measV2F2F1meas/V1F1predF1measV1F1Force ofRun#

1.61520.83580.8480.5250.8061.49630.83970.8110.5420.769-0.0421
1.61950.79920.8130.5020.7681.43840.74210.6890.4790.644-0.0452
1.61110.91700.9280.5760.9391.48510.88470.8480.5710.8590.0113
1.60631.00301.0120.6301.0191.48100.93740.8960.6050.9030.0074
1.67580.81510.8580.5120.8431.55950.81960.8250.5290.810-0.0155
1.63190.86920.8910.5460.8471.52910.85210.8410.5500.797-0.0446
1.69320.81990.8720.5150.8251.56990.87540.8870.5650.840-0.0477
1.61810.77530.7880.4870.7441.49800.75610.7310.4880.687-0.0448
1.61180.88990.9010.5590.8621.53850.84590.8400.5460.801-0.0399
1.59060.84380.8430.5300.8001.50990.84440.8230.5450.780-0.04310

Results for 10 Runs



Conclusion

P Computer data acquisition provides a means to observe the
force on a coil as a result of current induced in it as predicted
by Lenz’s law.

P Equipment required is readily available or can easily be
constructed. 

P Care must be taken to suppress normal modes of oscillation.
P Careful measurements must be made of average magnetic field

over the coil width and of the average width of the coil since
the forces increases quadratically with these variables.

P Predicted and measured values of the force agree to within
errors of about 2.5%, consistent with the standard deviation of
the force determined over 10 experimental repetition.

P The force versus time graph provides a visual representation
that reinforces the teaching of Lenz’s law.


