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Overview

• Purpose

• Theory
• interference from two coherent light sources

• diffraction from a single light source

• interference and diffraction

• Part 3.1: Viewing diffraction patterns in the simulation

• Part 3.2: Single slit diffraction

• Part 3.3: Two slit interference with diffraction



Purpose of the Lab

To investigate the wave nature of light.

You will use a laser on an optical bench and screens to study
diffraction and interference patterns.

You will

1 use the Wave Interference PhET simulation

2 observe a single slit diffraction pattern and calculate the slit
width from the observed pattern.

3 observe a two-slit pattern and calculate the slit separation and
slit widths.



Moving beyond Ray Optics

Ray optics can tell us about the formation of images, but it cannot
tell us about the behavior of light that is specific to waves.

The ray approximation assumes that light will travel out from a
source in straight lines, unless it encounters a change of medium.

However light does also behave a wave and can change direction at
apertures: diffraction and interference.



Huygens’ Principle

This is a geometric principle to construct a wavefront at a later
point in time from a wavefront at an earlier one.
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Finalize  Knowing the apex angle F of the prism and measuring dmin, you can calculate the index of refraction of the 
prism material. Furthermore, a hollow prism can be used to determine the values of n for various liquids filling the prism.

Pitfall Prevention 35.4
Of What Use Is Huygens’s Princi-
ple? At this point, the importance 
of Huygens’s principle may not be 
evident. Predicting the position 
of a future wave front may not 
seem to be very critical. We will 
use Huygens’s principle here to 
generate the laws of reflection and 
refraction and in later chapters to 
explain additional wave phenom-
ena for light.

35.6 Huygens’s Principle
The laws of reflection and refraction were stated earlier in this chapter without proof. 
In this section, we develop these laws by using a geometric method proposed by Huy-
gens in 1678. Huygens’s principle is a geometric construction for using knowledge of 
an earlier wave front to determine the position of a new wave front at some instant:

All points on a given wave front are taken as point sources for the produc-
tion of spherical secondary waves, called wavelets, that propagate outward 
through a medium with speeds characteristic of waves in that medium. After 
some time interval has passed, the new position of the wave front is the sur-
face tangent to the wavelets.

 First, consider a plane wave moving through free space as shown in Figure 35.18a. 
At t 5 0, the wave front is indicated by the plane labeled AA9. In Huygens’s construc-
tion, each point on this wave front is considered a point source. For clarity, only three 
point sources on AA9 are shown. With these sources for the wavelets, we draw circular 
arcs, each of radius c Dt, where c is the speed of light in vacuum and Dt is some time 
interval during which the wave propagates. The surface drawn tangent to these wave-
lets is the plane BB9, which is the wave front at a later time, and is parallel to AA9. In a 
similar manner, Figure 35.18b shows Huygens’s construction for a spherical wave.

Huygens’s Principle Applied to Reflection and Refraction
We now derive the laws of reflection and refraction, using Huygens’s principle.
 For the law of reflection, refer to Figure 35.19. The line AB represents a plane wave 
front of the incident light just as ray 1 strikes the surface. At this instant, the wave at 
A sends out a Huygens wavelet (appearing at a later time as the light brown circular 
arc passing through D); the reflected light makes an angle g9 with the surface. At the 

Old wave
front 

New wave
front 

A B

Old wave
front 

New wave
front 

A! B! 

c "t

c "t

a b

The new wave front is drawn tangent to 
the circular wavelets radiating from the 
point sources on the original wave front.

Figure 35.18  Huygens’s construction for (a) a plane wave 
propagating to the right and (b) a spherical wave propagating 
to the right.

 

▸ 35.5 c o n t i n u e d
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Figure 35.19  Huygens’s con-
struction for proving the law of 
reflection.
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Huygens’ Principle

Every point on a propagating wavefront can be thought of as the
source of a new spherical secondary wavelet. The wavefront
formed at a later time is the surface tangent (or envelope) of all
these wavelets.



Huygens’ Principle
Huygens’ motivation for this principle was the idea of the existence
of an ether: each part of the light wave would interact with
particles composing the ether.

Now we know there is no ether.

This principle is still useful, since it gives us the correct idea of
what happens in various circumstances, including diffraction.
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35.3 The Ray Approximation in Ray Optics
The field of ray optics (sometimes called geometric optics) involves the study of the 
propagation of light. Ray optics assumes light travels in a fixed direction in a straight 
line as it passes through a uniform medium and changes its direction when it meets 
the surface of a different medium or if the optical properties of the medium are 
nonuniform in either space or time. In our study of ray optics here and in Chapter 
36, we use what is called the ray approximation. To understand this approximation, 
first notice that the rays of a given wave are straight lines perpendicular to the wave 
fronts as illustrated in Figure 35.3 for a plane wave. In the ray approximation, a 
wave moving through a medium travels in a straight line in the direction of its rays.
 If the wave meets a barrier in which there is a circular opening whose diameter 
is much larger than the wavelength as in Figure 35.4a, the wave emerging from the 
opening continues to move in a straight line (apart from some small edge effects); 
hence, the ray approximation is valid. If the diameter of the opening is on the 
order of the wavelength as in Figure 35.4b, the waves spread out from the opening 
in all directions. This effect, called diffraction, will be studied in Chapter 37. Finally, 
if the opening is much smaller than the wavelength, the opening can be approxi-
mated as a point source of waves as shown in Fig. 35.4c.
 Similar effects are seen when waves encounter an opaque object of dimension d. 
In that case, when l ,, d, the object casts a sharp shadow.
 The ray approximation and the assumption that l ,, d are used in this chapter 
and in Chapter 36, both of which deal with ray optics. This approximation is very 
good for the study of mirrors, lenses, prisms, and associated optical instruments 
such as telescopes, cameras, and eyeglasses.

35.4 Analysis Model: Wave Under Reflection
We introduced the concept of reflection of waves in a discussion of waves on 
strings in Section 16.4. As with waves on strings, when a light ray traveling in one 
medium encounters a boundary with another medium, part of the incident light 

From the particle under constant speed model, find the 
speed of the pulse of light:

c 5
2d
Dt

5
2 17 500 m 2

5.05 3 1025 s
5 2.97 3 108 m/s

Finalize  This result is very close to the actual value of the speed of light.

Rays

Wave fronts 

The rays, which always point in 
the direction of the wave 
propagation, are straight lines 
perpendicular to the wave fronts.

Figure 35.3  A plane wave prop-
agating to the right.
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When l ,, d, the rays continue 
in a straight-line path and the 
ray approximation remains valid.

When l ! d, the rays 
spread out after passing 
through the opening.

When l .. d, the opening 
behaves as a point source 
emitting spherical waves.

Figure 35.4 A plane wave of 
wavelength l is incident on a bar-
rier in which there is an opening 
of diameter d.

 

▸ 35.1 c o n t i n u e d

1See pages 1072-3 in the textbook for a derivation of the law of reflection
and Snell’s Law from Huygens’ Principle.



Huygens-Fresnel Principle

Fresnel added the concept of interference to Huygens’ Principle,
which explained the paths that rays of light seem to take.

Kirchhoff then showed that this new Huygens-Frensel Principle was
a consequence of the wave equation, so it can be expressed in a
rigorous mathematical way.

In fact, working from Kirchhoff’s mathematical approach, this idea
can be used to relate wavefronts at a light source to an image on a
distant screen using Fourier Transforms.



Young’s Double-Slit Experiment
Thomas Young in 1801 did the first experiment that conclusively
showed the interference of light from 2 sources.

He filtered sunlight to make as source of red light, then shone the
light through a series of narrow apertures (slits).

The first screen blocks all but tiny source of light. This is called
the collimating slit, and ensure the light reaching the other two
slits will be coherent.

1http://www.lightandmatter.com/



Young’s Double-Slit Experiment

If light could be modeled as a particle, then one would expect to
see two bright patches, one for each slit.

This is not what Young observed.

1http://www.studyphysics.ca



Young’s Double-Slit Experiment
The filtered coherent light then goes through two slits cut from the
same mask. The light from these two sources interferes.

The light strikes a screen where bright and dark areas can be seen.



Interference of Light

1136 Chapter 37 Wave Optics

the upper one by exactly one wavelength, they still arrive in phase at P and a sec-
ond bright fringe appears at this location. At point R in Figure 37.3c, however, 
between points O and P, the lower wave has fallen half a wavelength behind the 
upper wave and a crest of the upper wave overlaps a trough of the lower wave, giv-
ing rise to destructive interference at point R. A dark fringe is therefore observed 
at this location.
 If two lightbulbs are placed side by side so that light from both bulbs combines, 
no interference effects are observed because the light waves from one bulb are 
emitted independently of those from the other bulb. The emissions from the two 
lightbulbs do not maintain a constant phase relationship with each other over time. 
Light waves from an ordinary source such as a lightbulb undergo random phase 
changes in time intervals of less than a nanosecond. Therefore, the conditions for 
constructive interference, destructive interference, or some intermediate state are 
maintained only for such short time intervals. Because the eye cannot follow such 
rapid changes, no interference effects are observed. Such light sources are said to 
be incoherent.
 To observe interference of waves from two sources, the following conditions must 
be met:

 The sources must be coherent; that is, they must maintain a constant phase 
with respect to each other.

 The sources should be monochromatic; that is, they should be of a single 
wavelength.

 As an example, single-frequency sound waves emitted by two side-by-side loud-
speakers driven by a single amplifier can interfere with each other because the two 
speakers are coherent. In other words, they respond to the amplifier in the same 
way at the same time.
 A common method for producing two coherent light sources is to use a mono-
chromatic source to illuminate a barrier containing two small openings, usually in 
the shape of slits, as in the case of Young’s experiment illustrated in Figure 37.1. 
The light emerging from the two slits is coherent because a single source produces 
the original light beam and the two slits serve only to separate the original beam 
into two parts (which, after all, is what is done to the sound signal from two side-by-
side loudspeakers). Any random change in the light emitted by the source occurs in 
both beams at the same time. As a result, interference effects can be observed when 
the light from the two slits arrives at a viewing screen.
 If the light traveled only in its original direction after passing through the slits 
as shown in Figure 37.4a, the waves would not overlap and no interference pattern 
would be seen. Instead, as we have discussed in our treatment of Huygens’s prin-
ciple (Section 35.6), the waves spread out from the slits as shown in Figure 37.4b. In 
other words, the light deviates from a straight-line path and enters the region that 
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Figure 37.3  Waves leave the slits 
and combine at various points on 
the viewing screen. (All figures 
not to scale.)

In places where the path lengths differ by a whole number of
wavelengths (mλ) there is constructive interference.

1Serway & Jewett.



Interference

A pattern of light and dark “fringes” (stripes of light and darkness)
appear on the screen.

Zoomed in view:



Interference: Finding the Maxima

For a distant screen and closely placed slits, the two rays are nearly
parallel.
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would otherwise be shadowed. As noted in Section 35.3, this divergence of light 
from its initial line of travel is called diffraction.

37.2 Analysis Model: Waves in Interference
We discussed the superposition principle for waves on strings in Section 18.1, lead-
ing to a one-dimensional version of the waves in interference analysis model. In 
Example 18.1 on page 537, we briefly discussed a two-dimensional interference 
phenomenon for sound from two loudspeakers. In walking from point O to point P 
in Figure 18.5, the listener experienced a maximum in sound intensity at O and a 
minimum at P. This experience is exactly analogous to an observer looking at point 
O in Figure 37.3 and seeing a bright fringe and then sweeping his eyes upward to 
point R, where there is a minimum in light intensity.
 Let’s look in more detail at the two-dimensional nature of Young’s experiment 
with the help of Figure 37.5. The viewing screen is located a perpendicular distance L 
from the barrier containing two slits, S1 and S2 (Fig. 37.5a). These slits are separated 
by a distance d, and the source is monochromatic. To reach any arbitrary point P in 
the upper half of the screen, a wave from the lower slit must travel farther than a wave 
from the upper slit. The extra distance traveled from the lower slit is the path differ-
ence d (Greek letter delta). If we assume the rays labeled r1 and r2 are parallel (Fig. 
37.5b), which is approximately true if L is much greater than d, then d is given by

 d 5 r2 2 r1 5 d sin u (37.1)

The value of d determines whether the two waves are in phase when they arrive at 
point P. If d is either zero or some integer multiple of the wavelength, the two waves 
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Figure 37.5  (a) Geometric 
construction for describing 
Young’s double-slit experiment 
(not to scale). (b) The slits are 
represented as sources, and the 
outgoing light rays are assumed to 
be parallel as they travel to P. To 
achieve that in practice, it is essen-
tial that L .. d.

a

Light passing through 
narrow slits does not 
behave this way.

b

Light passing through 
narrow slits diffracts.

Figure 37.4  (a) If light waves 
did not spread out after passing 
through the slits, no interference 
would occur. (b) The light waves 
from the two slits overlap as they 
spread out, filling what we expect 
to be shadowed regions with 
light and producing interference 
fringes on a screen placed to the 
right of the slits.

Looking at the right triangle with hypotenuse d (the slit separation
distance): δ = d sin θ.



Interference: Finding the Angles of the Maxima

Maxima (bright fringes) occur when

d sin θmax = M λ where M ∈ Z

Minima (dark fringes) occur when

d sin θmin =

(
M +

1

2

)
λ where M ∈ Z

These expressions give us the angles (measured outward from the
axis that passes through the midpoint of the slits) where the bright
and dark fringes occur.



Young’s Experiment: Finding the Position of the
Maxima

We can also predict the distance from the center of the screen, y ,
in terms of the distance from the slits to the screen, L.
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y

L
≈ sin θ if θ is small



Interference: Finding the Angles of the Maxima

Maxima (bright fringes) occur when y is such that:

d =
M λ L

y
where M ∈ Z

Minima (dark fringes) occur when y is such that:

d =

(
M + 1

2

)
λ L

y
where M ∈ Z

These expressions give us the angles (measured outward from the
axis that passes through the midpoint of the slits) where the bright
and dark fringes occur.



Order Number

m is the order number. The central bright fringe is the “0th order
fringe”, the neighboring ones are the “1st order fringes”, etc.

1Figure from Quantum Mechanics and the Multiverse by Thomas D. Le.



Diffraction

We already know that light and other waves that travel through a
small gap (< λ) diverge, and that the smaller the gap, the more
divergence.
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35.3 The Ray Approximation in Ray Optics
The field of ray optics (sometimes called geometric optics) involves the study of the 
propagation of light. Ray optics assumes light travels in a fixed direction in a straight 
line as it passes through a uniform medium and changes its direction when it meets 
the surface of a different medium or if the optical properties of the medium are 
nonuniform in either space or time. In our study of ray optics here and in Chapter 
36, we use what is called the ray approximation. To understand this approximation, 
first notice that the rays of a given wave are straight lines perpendicular to the wave 
fronts as illustrated in Figure 35.3 for a plane wave. In the ray approximation, a 
wave moving through a medium travels in a straight line in the direction of its rays.
 If the wave meets a barrier in which there is a circular opening whose diameter 
is much larger than the wavelength as in Figure 35.4a, the wave emerging from the 
opening continues to move in a straight line (apart from some small edge effects); 
hence, the ray approximation is valid. If the diameter of the opening is on the 
order of the wavelength as in Figure 35.4b, the waves spread out from the opening 
in all directions. This effect, called diffraction, will be studied in Chapter 37. Finally, 
if the opening is much smaller than the wavelength, the opening can be approxi-
mated as a point source of waves as shown in Fig. 35.4c.
 Similar effects are seen when waves encounter an opaque object of dimension d. 
In that case, when l ,, d, the object casts a sharp shadow.
 The ray approximation and the assumption that l ,, d are used in this chapter 
and in Chapter 36, both of which deal with ray optics. This approximation is very 
good for the study of mirrors, lenses, prisms, and associated optical instruments 
such as telescopes, cameras, and eyeglasses.

35.4 Analysis Model: Wave Under Reflection
We introduced the concept of reflection of waves in a discussion of waves on 
strings in Section 16.4. As with waves on strings, when a light ray traveling in one 
medium encounters a boundary with another medium, part of the incident light 

From the particle under constant speed model, find the 
speed of the pulse of light:

c 5
2d
Dt

5
2 17 500 m 2

5.05 3 1025 s
5 2.97 3 108 m/s

Finalize  This result is very close to the actual value of the speed of light.
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agating to the right.
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The intensity of light in each direction is not the same however.



Diffraction and Huygens’ Principle
When we have a slit or aperture illuminated by coherent light, each
part of the aperture acts as a point source of spherical wavelets.
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Finalize  Knowing the apex angle F of the prism and measuring dmin, you can calculate the index of refraction of the 
prism material. Furthermore, a hollow prism can be used to determine the values of n for various liquids filling the prism.

Pitfall Prevention 35.4
Of What Use Is Huygens’s Princi-
ple? At this point, the importance 
of Huygens’s principle may not be 
evident. Predicting the position 
of a future wave front may not 
seem to be very critical. We will 
use Huygens’s principle here to 
generate the laws of reflection and 
refraction and in later chapters to 
explain additional wave phenom-
ena for light.

35.6 Huygens’s Principle
The laws of reflection and refraction were stated earlier in this chapter without proof. 
In this section, we develop these laws by using a geometric method proposed by Huy-
gens in 1678. Huygens’s principle is a geometric construction for using knowledge of 
an earlier wave front to determine the position of a new wave front at some instant:

All points on a given wave front are taken as point sources for the produc-
tion of spherical secondary waves, called wavelets, that propagate outward 
through a medium with speeds characteristic of waves in that medium. After 
some time interval has passed, the new position of the wave front is the sur-
face tangent to the wavelets.

 First, consider a plane wave moving through free space as shown in Figure 35.18a. 
At t 5 0, the wave front is indicated by the plane labeled AA9. In Huygens’s construc-
tion, each point on this wave front is considered a point source. For clarity, only three 
point sources on AA9 are shown. With these sources for the wavelets, we draw circular 
arcs, each of radius c Dt, where c is the speed of light in vacuum and Dt is some time 
interval during which the wave propagates. The surface drawn tangent to these wave-
lets is the plane BB9, which is the wave front at a later time, and is parallel to AA9. In a 
similar manner, Figure 35.18b shows Huygens’s construction for a spherical wave.

Huygens’s Principle Applied to Reflection and Refraction
We now derive the laws of reflection and refraction, using Huygens’s principle.
 For the law of reflection, refer to Figure 35.19. The line AB represents a plane wave 
front of the incident light just as ray 1 strikes the surface. At this instant, the wave at 
A sends out a Huygens wavelet (appearing at a later time as the light brown circular 
arc passing through D); the reflected light makes an angle g9 with the surface. At the 
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propagating to the right and (b) a spherical wave propagating 
to the right.
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These wavelets interfere to produce a diffraction pattern.



Diffraction: Intensity Pattern from a Single Slit
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a Fraunhofer diffraction pattern. A bright fringe is observed along the axis at u 5 0, 
with alternating dark and bright fringes on each side of the central bright fringe.
 Until now, we have assumed slits are point sources of light. In this section, we 
abandon that assumption and see how the finite width of slits is the basis for under-
standing Fraunhofer diffraction. We can explain some important features of this 
phenomenon by examining waves coming from various portions of the slit as shown 
in Figure 38.5. According to Huygens’s principle, each portion of the slit acts as a 
source of light waves. Hence, light from one portion of the slit can interfere with 
light from another portion, and the resultant light intensity on a viewing screen 
depends on the direction u. Based on this analysis, we recognize that a diffraction 
pattern is actually an interference pattern in which the different sources of light are 
different portions of the single slit! Therefore, the diffraction patterns we discuss 
in this chapter are applications of the waves in interference analysis model.
 To analyze the diffraction pattern, let’s divide the slit into two halves as shown in 
Figure 38.5. Keeping in mind that all the waves are in phase as they leave the slit, 
consider rays 1 and 3. As these two rays travel toward a viewing screen far to the 
right of the figure, ray 1 travels farther than ray 3 by an amount equal to the path 
difference (a/2) sin u, where a is the width of the slit. Similarly, the path difference 
between rays 2 and 4 is also (a/2) sin u, as is that between rays 3 and 5. If this path 
difference is exactly half a wavelength (corresponding to a phase difference of 180°), 
the pairs of waves cancel each other and destructive interference results. This cancel-
lation occurs for any two rays that originate at points separated by half the slit width 
because the phase difference between two such points is 180°. Therefore, waves from 
the upper half of the slit interfere destructively with waves from the lower half when

a
2

 sin u 5
l

2

or, if we consider waves at angle u both above the dashed line in Figure 38.5 and 
below,

sin u 5  6
l

a

 Dividing the slit into four equal parts and using similar reasoning, we find that 
the viewing screen is also dark when

sin u 5 62 
l

a

Likewise, dividing the slit into six equal parts shows that darkness occurs on the 
screen when

sin u 5 63 
l

a

Pitfall Prevention 38.1
Diffraction Versus Diffraction 
Pattern Diffraction refers to the 
general behavior of waves spread-
ing out as they pass through a slit. 
We used diffraction in explaining 
the existence of an interference 
pattern in Chapter 37. A diffraction 
pattern is actually a misnomer, but 
is deeply entrenched in the lan-
guage of physics. The diffraction 
pattern seen on a screen when a 
single slit is illuminated is actually 
another interference pattern. The 
interference is between parts of 
the incident light illuminating dif-
ferent regions of the slit.

Figure 38.4 (a) Geometry for 
analyzing the Fraunhofer diffrac-
tion pattern of a single slit. (Draw-
ing not to scale.) (b) Simulation  
of a single-slit Fraunhofer diffrac-
tion pattern.
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Figure 38.5  Paths of light rays 
that encounter a narrow slit of 
width a and diffract toward a 
screen in the direction described 
by angle u (not to scale).



Diffraction: Understanding the Single Slit Pattern
Consider a series of point sources in different parts of the slit. The
slit has width a.
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pattern is actually an interference pattern in which the different sources of light are 
different portions of the single slit! Therefore, the diffraction patterns we discuss 
in this chapter are applications of the waves in interference analysis model.
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because the phase difference between two such points is 180°. Therefore, waves from 
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Diffraction: Understanding the Single Slit Pattern

We can find minima (dark fringes) in the pattern by breaking up
our point sources into pairs that cancel each other out.

Matching point sources in the top half of the slit with ones in the
bottom half, the source separation distances will be d = a/2.

This will be a fringe dark when:

δ =
a

2
sin θ =

λ

2



Diffraction: Understanding the Single Slit Pattern

However, we could also break the slit up into 4 equal parts and
match sources from the 1st and 2nd, and match from the 3rd and
4th.

This will be dark when:

δ =
a

4
sin θ =

λ

2

If we break the slit up into 6 equal parts and match sources from
the 1st and 2nd, the 3rd and 4th, and the 5th and 6th.

This will be dark when:

δ =
a

6
sin θ =

λ

2



Diffraction Minima

In general we expect dark fringes when:

a sin θmin = m λ where m = ±1,±2,±3, ...

And if sinθ ≈ y
L then,

a =
m λ L

y



Interference AND Diffraction: Two slits that have
some width

Suppose two slits each have width a and their centers are a
distance d apart.

What intensity pattern do they create?



Interference AND Diffraction: Two slits that have
some width

 38.2 Diffraction Patterns from Narrow Slits 1165

blue curve in Figure 38.7 represents the factor in square brackets in Equation 38.3. 
The cosine-squared factor by itself would give a series of peaks all with the same 
height as the highest peak of the red-brown curve in Figure 38.7. Because of the 
effect of the square-bracket factor, however, these peaks vary in height as shown.
 Equation 37.2 indicates the conditions for interference maxima as d sin u 5 ml, 
where d is the distance between the two slits. Equation 38.1 specifies that the first 
diffraction minimum occurs when a sin u 5 l, where a is the slit width. Dividing 
Equation 37.2 by Equation 38.1 (with m 5 1) allows us to determine which interfer-
ence maximum coincides with the first diffraction minimum:

d sin u
a sin u

5
ml

l

 
d
a 5 m  (38.4)

In Figure 38.7, d/a 5 18 mm/3.0 mm 5 6. Therefore, the sixth interference maxi-
mum (if we count the central maximum as m 5 0) is aligned with the first diffrac-
tion minimum and is dark.

Q uick Quiz 38.2  Consider the central peak in the diffraction envelope in Figure 
38.7 and look closely at the horizontal scale. Suppose the wavelength of the light 
is changed to 450 nm. What happens to this central peak? (a) The width of the 
peak decreases, and the number of interference fringes it encloses decreases. 
(b) The width of the peak decreases, and the number of interference fringes 
it encloses increases. (c) The width of the peak decreases, and the number of 
interference fringes it encloses remains the same. (d) The width of the peak 
increases, and the number of interference fringes it encloses decreases. (e) The 
width of the peak increases, and the number of interference fringes it encloses 
increases. (f) The width of the peak increases, and the number of interference 
fringes it encloses remains the same. (g) The width of the peak remains the 
same, and the number of interference fringes it encloses decreases. (h) The 
width of the peak remains the same, and the number of interference fringes it 
encloses increases. (i) The width of the peak remains the same, and the number 
of interference fringes it encloses remains the same.

!3p !2p 2p 3p!p p

The diffraction pattern acts 
as an “envelope” (the blue 
dashed curve) that controls 
the intensity of the regularly 
spaced interference maxima.

I

Diffraction
minima

Interference
fringes

a sin u
l
p

Figure 38.7 The combined 
effects of two-slit and single-slit 
interference. This pattern is pro-
duced when 650-nm light waves 
pass through two 3.0-mm slits that 
are 18 mm apart.

In the
picture,
d/a = 6



Part 3.1: Wave Interference Simulation



Parts 3.2&3: Equipment Setup



Diffraction Pattern



Interference and Diffraction Pattern



Interference and Diffraction Pattern



Standard error

standard error of the sample mean formula:

s.e.(a) =

√∑N
i=1(ai − ā)2

N(N − 1)


