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1 Concepts

Of the interference pattern of three light sources all the points where the intensity has a
local maximum are given. For the light sources three assumptions are made:

• They emit homogenously. For each source its electromagnetic radiation field only
depends on the geometric distance to the source.

• The emit mutually coherent light, which is the basic for having a global interference
pattern.

• The decrease of intensity (in 3 dimensions 1
r2

) is neglected.

In general intensity maxima mean that the light is interfering in a constructive way.
Due to the third assumption the mathematics gets far easier. Considering a decrease
of intensity would mean the search of local maxima of the intensity distribution which
has to in general done via multidimensional analysis (∇I = 0 as main criteria). Here it
is easier - as known from school - constructive interference happens when the phase of
the waves differ by a multiple of 2π. This is of course equivalent to the statement that
the phase shift between each two of the sources is 2πn, n ∈ Z. Or equivalent to: The
difference in the path difference is a multiple of the wavelength.
This statement makes clear that the problem can be divided. First the interference pat-
tern of two sources has to be found. This is not complicated. Constructive interference
arises if the path difference ∆s12 = ||x⃗− s⃗1||2 − ||x⃗− s⃗2||2 =

√
(x− xs1)2 + (y − ys1)2 −√

(x− xs2)2 + (y − ys2)2 = 2πn, n ∈ Z. For each n this means a constant path difference
and the curve that fulfills this condition is well known - it is a hyperbola. The sources
are here exactly the foci of the hyperbola. One can also verify this result by calculating
and plotting the intensity field ??.
Second the intensity maxima of the three sources are the points where the path difference
between all three pairs is a multiple of 2π. This is only fulfilled at the points, where the
interference hyperbolas intersect. Indeed for theory it is only necessary to consider two
hyperbola arrays, because ∆s23 = ∆s13 −∆s12 holds.



2 Construction

After understanding the basic concepts it is now possible to construct the sources in
GeoGebra. First one has to find the underlying structure - the hyperbolas on which the
maxima are lined up. The construction can be done by the tool Conic through 5 point-
sünder the ellipsis symbol. As expected there are three arrays of hyperbolas ??.
Especially interesting is the degenerated hyperbola in the middle which is simple a
straight line. For each array of hyperbolas one has to find the two symmetry axes. One
is already known, but the other one through the foci has to be constructed. This can
be done in 5 steps needing only of each array only one hyperbola and the straight line
(degenerated one), it will be called middle line"here. The five steps are:

• Take a point (N1) on the hyperbola and construct the orthogonal line (g1) with
respect to the middle line.

• Create a second line (g2) through this point perpendicular to the line of step one.

• Mark the intersection point (N2) of the hyperbola and the line of step two.

• Create the middle point N3 of N1 and N2.

• Construct a straight line g3 which goes through N3 and is orthogonal to g2.

In GeoGebra it looks like this:

These five steps are the same for all of the three arrays of interference hyperbolas.
What is still missing are the foci themselves. But for each focus it is known that it has
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to be on the symmetry axis of the hyperbolas as just constructed. As there are two such
lines, the foci are simply the intersection points. So after 3 · 5 + 3 = 18 steps all the foci
are found and the picture looks like this: As the foci are identical with the sources all

three are found.

3 Discussion and Appendix
In this part the intensity field is discussed, also considering the effects arising when
assumption three does not hold.
Let us first have a view onto the intensity field under the given assumptions. The exact
mathematics behind interference is the linear combination of the electromagnetic fields.
The intensity is then the square of the amplitude averaged over time, because light has
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a very high frequency we cannot see time-resolved:
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Plotting this formula for only two sources with xs1 = −10, xs1 = 10 and ys1 = ys2 = 0
the interference pattern looks like this: Indeed the interference maxima and minima have
the shapes of hyperbolas.
As mentioned in the first part, with GeoGebra the hyperbolas can be constructed out of
maxima, here they are:
If the third assumption does not hold, then the electric field is decreasing with 1

r . The
formula for the electric field and intensity are then modified to (same calculation with
trigonometric identity and avering over time):
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Far away from all sources the distances in first order the distance to all of them is simi-
lar. So one would expect that in the far field it is INo5 ≈ Igen · (x2 + y2). I proved this
statement it by plotting the difference.
But in the problem the interference pattern is not in the far field of the sources. Here the
properties of light are important. Except for the regions in the immediate vicinity of the
sources there are local maxima and minima. Of course the difference between two orders
of interference is on the scale of the wavelength. For light this scale is very short. If one
imagines that the geometric configuration is on scale similar to the one on the picture
(∼ cm) then the wavelength is far shorter. So even great distortions in the phase mean
only tiny corrections - on a level that is invisible for us. So the assumption three is very
senseful as long as the wavelenght is short.
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If the experiment would be with mechanical sources e.g. sound, then things could be dif-
ferent and it may be important to consider the near-field-effects of a distance-dependent
intensity.
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