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ABSTRACT
Faradays law of Induction is the principle of generating electricity in Hydro, Thermal, Wind and
Nuclear power stations. In this paper we present a method to study the relationship between induced
electromagnetic force (EMF) and the rate of change of Magnetic field and hence to verify this
principle. This method involves the rotation of a magnet fixed to a rotor at different angular speeds
and to find the EMF induced in the copper coil kept close to the rotor. The data collected is plotted in
MATLAB. The results show that Induced EMF is directly proportional to the rate change of Magnetic
flux with a correlation coefficient of 0.98.
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1. INTRODUCTION
It is well known that Michael Faraday discovered the law of Induction. In his
phenomenal paper ‘Experimental Researches in Electricity’, he stated that an EMF is induced
in the coil when the magnetic field around the coil changes,( Phil. Trans. R. Soc. Lond. 1832
122, 125-162).He observed that the EMF induced is directly proportional to the rate of change
of magnetic flux.
This law is the principle of Generators. A few articles are available in the literature on
the methods of verifying this principle. We have conducted an experiment to study the
relation between the EMF induced and the rate of change of magnetic field and hence to
verify this law. It is proposed that this method could be set up easily in a laboratory enabling
undergraduate science and engineering students to acquire
In the second section, the method is described along with the actual photographs of the
experimental setup. In section three, the data obtained is presented. The graph of EMF
induced versus rate of change of Magnetic field is shown. The MATLAB program utilized for
this purpose is also provided in the appendix. The details of MATLAB program is provided in
the appendix.
2. METHOD
Copper coil can be made by winding copper wire on a plastic frame. 100 grams of
46gauge copper wire was used to wind on a plastic frame. The number of turns was around
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20,000. 30 Gauge / 40 gauge copper wire also can also be used, but the size of the coil
increases. The copper coil used in this experiment is shown in Fig 1.

Fig. 1. Copper coil.

The magnet is glued strongly to the rotating disk. During rotation, due to centrifugal
force, it tends to get ejected and may cause serious damage to the surrounding property. The
magnet glued to the rotor is shown in the figure 2.

Magnet

Rotor

Fig. 2. Magnet fixed to the rotating disk.

The copper coil is kept closed to the rotor such that the magnet comes closer to the coil
during its rotational motion. The closest separation distance in our set up was 5mm.The
complete set up along with the voltmeter connected across the copper coil is shown in fig 3.
When the rotor is rotated, in each rotation the magnet arrives closer to the coil, an EMF is
induced due to change in magnetic flux. As the rotational speed of the rotor is increased, the
magnetic field around the coil changes at a faster rate. The corresponding induced EMF is
measured.
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Fig. 3.

3. DATA ANALYSIS
The induced EMF at several rotational speeds is measured. It is assumed that the
rotational speed is directly linked to rate of change of magnetic field. A graph of induced
EMF versus rotational speed is plotted using MATLAB. The correlation coefficient between
these two parameters is evaluated by least square fitting is 0.98. The graph and the data is
given in the following table.
Induced EMF
(v)

Frequency of rotation
of the magnet
(Hz)

0

0

0.5

5.52

0.8

10.27

1.5

13.86

2.2

17.92

It is known that induced EMF is proportional to rate of change of magnetic flux which
is related to frequency of magnetic oscillating magnetic field.
Hence

EMF v α frequency fα
v = k fα
Log v = log k + α log f

This expression represents a straight line. So, in a plot of Induced EMF and frequency,
the slope represents the power law index. The value of α in our study is close to 1 which
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confirms the linear relationship between Induced EMF and frequency of oscillating electric
field.

We opine that high correlation coefficient indicates that induced EMF is directly
proportional to the rate of change of magnetic field (rotational speed of magnet).
Induced EMF α Rate of change of Magnetic field
4. CONCLUSION
The relation between the induced EMF in a coil due to the change in magnetic field
linking with it is studied. The data indicates that the induced EMF is directly proportional to
the rate of change in magnetic field.
Appendix
1.MATLAB program:
% x is rotational speed; y is the induced EMF
y = [0 0.5 0.8 1.5 2 ]
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x = [0 5.52 10.27 13.86 17.92 ]
least
xlabel('frequency of oscillating magnetic field(no cycles/second)')
ylabel('induced emf (volts)')
axis equal
title(' Verification of Faradays Law Experiment')
end
LEAST function
% LEAST is a function to carry out least curve fitting i.e., to fit a straight line for a given set
of points and hence to see how the two parameters are correlated %
%load x.dat
%load y.dat
plot(x,y,'*')
pause
hold on
input('give no of points')
n=ans
x0=0;
y0=0
x2=0;
y2=0;
m=0;
for i=1:n
x0=x0+x(i);
y0=y0+y(i);
x2=x2+x(i)^2;
y2=y2+y(i)^2;
m=m+x(i)*y(i);
end
d=n*x2-x0^2;
a=(x2*y0-x0*m)/d;
b=(n*m-x0*y0)/d;
xm=min(x(i));
xmm=max(x(i));
for i=1:n;
z(i)=a+b*x(i);
end
plot(x,z)
pause
input('The correlation coefficient is')
r=(m-(x0*y0/n))/((x2-x0^2/n)*(y2-y0^2/n))^.5
input ('value of a & b are ')
a=a
b=b
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