
25-1 Interference from Two Sources
In this chapter, our focus will be on the wave behavior of light, and on how two or more 

light waves interfere. However, the same concepts apply to sound waves, and other mechanical 
waves. We will begin by considering two sources, separated by some distance, which are 
broadcasting identical single-frequency waves in phase with one another. The sources could be 
two speakers of sound, or could be two sources of light waves. We briefly discussed this situation 
at the end of section 21-7, and we will now investigate this quantitatively and in detail.

To begin with, we can represent the 
waves emitted by each source by a set of 
concentric circles, with a dark region 
corresponding to a trough in the wave, and a 
white region corresponding to a peak in the 
wave. If we then overlap the circles, as shown in 
Figure 25.1, we get an interesting pattern that is 
the result of interference between the two sets of 
the waves. The dark lines radiating out from the 
center of the pattern correspond to destructive 
interference, while the bright areas correspond to 
constructive interference. If you set up two 
speakers broadcasting identical single-frequency 
sounds, you can create an interference pattern 
like this, and you can walk through it to hear 
areas of constructive and destructive 
interference.

The interference pattern in Figure 25.1
(b) looks complicated, but we can understand it 
using interference ideas. First, let’s define the 
path-length difference as the difference between 
the distance a point is from one source and the distance the 
point is from the second source. For point A in Figure 25.1
(b), which is on the perpendicular bisector of the line 
connecting the sources, the path-length difference is zero 
because point A is equidistant from both sources. Because 
the sources are in phase with one another, at the instant a 
peak in the wave is emitted by the left source, a peak is also 
emitted by the right source. These peaks travel the same 
distance to point A at equal speeds, and thus they arrive at A 
simultaneously. Two peaks arriving at the same time 
produce constructive interference. This argument holds for 
any point on the perpendicular bisector to the line 
connecting the speakers, because all those points have a 
path-length difference of zero.

Point B in Figure 25.1(b) is closer to the right source than it is to the left source, and thus 
the path-length difference is not zero. Point B happens to be exactly half a wavelength farther 
from the left source than it is from the right source. When a peak emitted by the right source 
reaches point B, the peak that was emitted at the same time from the left source is still half a 
wavelength from point B. Half a wavelength from a peak is a trough, so a trough arrives at point 
B from the left source at the same time a peak arrives from the right source (and vice versa), 
leading to destructive interference. All such points that are half a wavelength farther from one 
source experience destructive interference.
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Figure 25.1: (a) The waves emitted by 
two sources can be represented by a 
pattern of concentric circles (in three 
dimensions they are a set of spherical 
shells) that expand out from the source at 
the wave speed. (b) The pattern of 
constructive and destructive interference 
that results when both sources emit waves 
simultaneously can be seen when the two 
sets of concentric circles are overlapped.



Point C in Figure 25.1(b) is one wavelength closer to source 2 than it is to source 1, so 
when a peak emitted by source 2 reaches point C, the peak that was emitted at the same time from 
source 1 is still a wavelength from point C. A full wavelength from a peak is another peak, so 
peaks arrive at C simultaneously from the two sources, leading to constructive interference. All 
such points that are a full wavelength farther from one source than the other experience 
constructive interference. 

The trend continues. The bottom line is that all locations that are an integer number of 
wavelengths farther from one source than the other experience constructive interference, and all 
locations that are an integer number of wavelengths plus half a wavelength farther from one 
source than the other experience destructive interference. These general conditions for 
interference are summarized in the box below.

For two sources, which are in phase with one another, that broadcast identical waves in all 
directions, the interference can be understood in terms of the path-length difference.

               ,           (Equation 25.1: condition for constructive interference)
where m is an integer.

           ,     (Equation 25.2: condition for destructive interference)
where m is an integer.

For locations that are far from the sources, in comparison to d, the distance between the 
sources, the waves from the two sources are essentially parallel to one another. As illustrated in 
Figure 25.2, the path-length difference in this case is given by , where the angle ! is 
shown in Figure 25.2. Thus, in this situation the angles at which constructive or destructive 
interference occur are:

    ,                  (Equation 25.3: constructive interference, for two sources in phase)
where m is an integer, and 

    ,       (Equation 25.4: destructive interference, for two sources in phase)
where m is an integer.

Related End-of-Chapter Exercises: 4, 13 – 15.

Essential Question 25.1 (a) A particular point experiences constructive interference no matter 
what the wavelength is of the waves sent out by the sources. Where is the point?
(b) What happens to the angles at which destructive interference occurs when (i) the wavelength 
of the waves is decreased, and (ii) d, the distance between the sources, is decreased?
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Figure 25.2: When a point is a long way from 
both sources, the geometry of the situation 
allows us to approximate the path-length 
difference in terms of d, the distance between 
the sources, and !, the angle between the 
perpendicular bisector of the line joining the 
sources and the straight line going from the 
midpoint between the sources and the point.


