
Lab 11. Interference of Light

Goals

• To observe the interference patterns for laser light passing through a single narrow slit,
through two closely spaced slits, and through multiple closely spaced slits, noting the simi-
larities and differences.

• To determine by graphical techniques the wavelength of the laser light based on the observed
interference patterns for single, double, and multiple slits.

• To compare the calculated values of wavelength with the accepted value for a red helium-
neon laser.

• To “measure” the diameter of a human hair by observing and analyzing the interference
pattern created when it is placed in the center of laser beam.

Introduction

Two waves that have the same frequency can “interfere” constructively when the peaks coincide
or destructively when a peak of one wave coincides with a valley of the other. When speaking
of peaks and valleys, water waves are a useful example. With sound waves the peaks and valleys
correspond to regions of high and low pressure. With electromagnetic waves, such as light, the
peaks and valleys correspond to regions of positive and negative electric and magnetic field vectors.
Constructive interference of light rays produces regions of high intensity or brightness. Destructive
interference produces regions of low intensity or darkness.

Double slit interference

The simplest example of interference takes place when monochromatic light passes through two
nearby, parallel slits (narrow openings for the light to come through). Laser light is nearly monochro-
matic (all of the same frequency and wavelength). The diagram in Figure 11.1 shows the path of
a laser beam, traveling from left to right, incident on two slits at an incident angle of 0°. This
configuration assures that the phase of the waves at each of the slits is the same. In other words the
peak of the wave in one slit is synchronized with the peak of the wave in the other slit. Let d be the
center-to-center spacing between the slits. The light intensity is observed at a distance y from the
center of the slit pattern. For constructive interference to take place at the point y, the difference in
the distances from the point y to the individual slits, r2−r1, must be equal to some integer multiple
of the wavelength λ of the light. This can be expressed as
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r2− r1 = mλ where m is an integer (...−2,−1,0,+1,+2, ...) . (11.1)
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Figure 11.1. Geometry for determining the condition for constructive interference for a double slit.

When the distance L from the viewing screen to the slits is much larger than the distance between
the slits d, the lines denoting the distances r2 and r1 are essentially parallel, like the edges of a very
tall skinny triangle. For this limiting case the difference in the distances can be written to a good
approximation as d sinθ . Then condition for constructive interference then becomes

d sinθ = mλ where m is an integer (...−2,−1,0,+1,+2, ...) . (11.2)

This equation defines the angles for maximum intensity on the screen.

Interference patterns from double slits can be used to find the spacing between the two sources
of light if the wavelength of the light being used is known. In other words, from the measured
positions of the intensity maxima on the viewing screen, one can calculate the angles corresponding
to the various values of m and determine the unknown d. On the other hand, if d is known, then
the wavelength can be determined. Historically the wavelengths of light were difficult to measure
until good quality slits became available about 100 years ago.

Single slit diffraction

A narrow aperture such as a single slit will interact with a narrow beam of light such a way that
some of the light appears to be “bent” from its original direction of travel. The term diffraction
refers to this apparent change of direction. This behavior is due to interference between parts of
the light wave that pass through the slit at different points within the slit. Thus diffraction can be
thought of—not as some new phenomenon—but as another manifestation of the interference of
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waves. For a single slit of width a the relationship that describes the locations of the minima of
intensity on the viewing screen is given by

asinθ = nλ (11.3)

where n is an integer excluding zero, that is, (... –2, –1, +1, +2, ...) Note that zero is missing from
the list!

This expression looks a great deal like Equation 11.1, which describes intensity maxima for a
double slit arrangement. Remember the important differences!

Multiple slit (more than two slits) interference

When more than two equally spaced slits are present, the explanation proceeds in exactly the same
way as it does for the double slit arrangement. In fact the condition for making light from adjacent
slits interfere constructively on the viewing screen is sufficient to ensure that the light from all of the
slits will interfere constructively on the screen. Thus Equation 11.2 also prescribes the conditions
to be met for intensity maxima when more than two equally spaced slits are present.

Determining the wavelength of light from a helium-neon laser

Never look directly into the beam or at reflections of the beam. Don’t point the laser at
anything other than the screen. Failure to follow these instructions may lead to a zero for the
lab.

If you need to locate the laser beam, insert a piece of paper into the beam path. Minimize reflections
by positioning the slide with the slits close to the exit aperture of the laser, which directs the
reflected beam back toward the laser. If a laser is powered up but the beam is not visible, make
sure the aperture at the front of the laser is open.

Using single slit diffraction

While the physics of double slit interference is relatively simple, the resulting diffraction patterns
are relatively complicated. This is because each member of a double slit pair is also a source of
single slit diffraction; in the double slit geometry, both patterns are observed together. The two
effects are easier to disentangle after you have characterized the simpler, single slit pattern.

Use the single slit from Column 1, Row (e). (This slit has the same width of each of the double
slits on your slide.) Again mark maxima or minima as appropriate and calculate the wavelength of
the light from this data. Does your calculated value agree with the accepted value within the limits
of error? From your data, does the slit width have to be less than the laser wavelength in order to
produce a diffraction pattern?
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Using double slit interference

On the viewing screen observe and mark the locations of the maxima or minima of intensity,
as appropriate, for a double slit. The glass slide with the green tape on the edges contains the
various slit arrangements. Use one of the double slits from Column 5, either (b) or (c). From
this information calculate the wavelength of the laser light. Consider an appropriate graph. Most
students will find Excel helpful. You should compare your calculated wavelength to the accepted
value listed for He-Ne lasers in your textbook or a handbook. Does your calculated value agree
with the accepted value within the limits of the expected uncertainties?

Using multiple slits

Choose a multiple slit from Column 3, either (b), (c), or (d), and calculate the wavelength from the
resulting data. Does your calculated value agree with the accepted value within the limits of the
expected uncertainties?

Measuring the diameter of a human hair with laser light

Mount a human hair so that it can be placed in front of the laser beam and look at the resulting
light pattern. Does it most closely resemble the pattern of a single slit, a double slit, or multiple
slits? Look at it carefully and note the pattern of bright and dark regions, particularly their spacing
with respect to the center of the pattern. Then mark intensity maxima or minima as appropriate
on the viewing screen. Using the textbook value for the wavelength of the laser light, calculate
the diameter of the hair. Compare this value of the diameter to that obtained with a micrometer.
Machinists use micrometers to make precise length measurements. Do the measurements agree
within their expected uncertainties?

Grading Rubric
No Effort Progressing Expectation Exemplary

AA
Is able to
extract the
information
from
representation
correctly
Labs: 1-12

No visible attempt is
made to extract
information from the
experimental setup.

Information that is
extracted contains errors
such as labeling
quantities incorrectly,
mixing up initial and
final states, choosing a
wrong system, etc.
Physical quantities have
no subscripts (when
those are needed).

Most of the information
is extracted correctly, but
not all of the information.
For example physical
quantities are represented
with numbers and there
are no units. Or
directions are missing.
Subscripts for physical
quantities are either
missing or inconsistent.

All necessary
information has been
extracted correctly, and
written in a
comprehensible way.
Objects, systems,
physical quantities,
initial and final states,
etc. are identified
correctly and units are
correct. Physical
quantities have consistent
and informative
subscripts.
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No Effort Progressing Expectation Exemplary

AB
Is able to
construct new
representations
from previous
representations
Labs: 1-12

No attempt is made to
construct a different
representation.

Representations are
attempted, but omits or
uses incorrect
information (i.e. labels,
variables) or the
representation does not
agree with the
information used.

Representations are
constructed with all
given (or understood)
information and contain
no major flaws.

Representations are
constructed with all
given (or understood)
information and offer
deeper insight due to
choices made in how to
represent the
information.

AC
Is able to
evaluate the
consistency of
different
representations
and modify
them when
necessary
Labs: 3-5, 7-9, 11, 12

No representation is
made to evaluate the
consistency.

At least one
representation is made
but there are major
discrepancies between
the constructed
representation and the
given experimental setup.
There is no attempt to
explain consistency.

Representations created
agree with each other but
may have slight
discrepancies with the
given experimental
representation. Or there
is inadequate explanation
of the consistency.

All representations, both
created and given, are in
agreement with each
other and the
explanations of the
consistency are provided.

AD
Is able to use
representations
to solve
problems
Labs: 3-5, 8, 9, 11, 12

No attempt is made to
solve the problem.

The problem is solved
correctly but no
representations other
than math were used.

The problem is solved
correctly but there are
only two representations:
math and words
explaining the solution.

The problem is solved
correctly with at least
three different
representations (sketch,
physics representation
and math or sketch,
words and math, or some
other combination)

AG
Mathematical
Labs: 3, 4, 6, 8, 10-12

No representation is
constructed.

Mathematical
representation lacks the
algebraic part (the
student plugged the
numbers right away) has
the wrong concepts being
applied, signs are
incorrect, or progression
is unclear.

No error is found in the
reasoning, however they
may not have fully
completed steps to solve
problem or one needs
effort to comprehend the
progression.

Mathematical
representation contains
no errors and it is easy to
see progression of the
first step to the last step
in solving the equation.
The solver evaluated the
mathematical
representation with
comparison to physical
reality.

AI
Graph
Labs: 4, 6, 8, 11

No graph is present. A graph is present but the
axes are not labeled.
There is no scale on the
axes. The data points are
connected.

The graph is present and
axes are labeled but the
axes do not correspond to
the independent and
dependent variable or the
scale is not accurate. The
data points are not
connected but there is no
trend-line.

The graph has correctly
labeled axes,
independent variable is
along the horizontal axis
and the scale is accurate.
The trend-line is correct,
with formula clearly
indicated.
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No Effort Progressing Expectation Exemplary

BA
Is able to
identify the
phenomenon to
be investigated
Labs: 1, 2, 4, 6, 7, 9, 11,
12

No phenomenon is
mentioned.

The description of the
phenomenon to be
investigated is confusing,
or it is not the
phenomena of interest.

The description of the
phenomenon is vague or
incomplete but can be
understood in broader
context.

The phenomenon to be
investigated is clearly
stated.

BE
Is able to
describe what is
observed
concisely, both
in words and by
means of a
picture of the
experimental
setup.
Labs: 1, 2, 4, 6, 7, 9, 11,
12

No description is
mentioned.

A description is
incomplete. No labeled
sketch is present. Or,
observations are adjusted
to fit expectations.

A description is
complete, but mixed up
with explanations or
pattern. OR The sketch is
present but relies upon
description to
understand.

Clearly describes what
happens in the
experiments both
verbally and with a
sketch. Provides other
representations when
necessary (tables and
graphs).

BF
Is able to
identify the
shortcomings in
an experiment
and suggest
improvements
Labs: 1, 2, 4, 6, 7, 9, 11,
12

No attempt is made to
identify any
shortcomings of the
experimental.

The shortcomings are
described vaguely and no
suggestions for
improvements are made.

Not all aspects of the
design are considered in
terms of shortcomings or
improvements, but some
have been identified and
discussed.

All major shortcomings
of the experiment are
identified and reasonable
suggestions for
improvement are made.
Justification is provided
for certainty of no
shortcomings in the rare
case there are none.

BG
Is able to
identify a
pattern in the
data
Labs: 1, 2, 4, 6, 7, 9, 11

No attempt is made to
search for a pattern

The pattern described is
irrelevant or inconsistent
with the data.

The pattern has minor
errors or omissions. OR
Terms labelled as
proportional lack clarity-
is the proportionality
linear, quadratic, etc.

The patterns represents
the relevant trend in the
data. When possible, the
trend is described in
words.

BI
Is able to devise
an explanation
for an observed
pattern
Labs: 1, 2, 4, 6, 7, 9, 11

No attempt is made to
explain the observed
pattern.

An explanation is vague,
not testable, or
contradicts the pattern.

An explanation
contradicts previous
knowledge or the
reasoning is flawed.

A reasonable explanation
is made. It is testable and
it explains the observed
pattern.

GD
Is able to record
and represent
data in a
meaningful way
Labs: 1, 2, 4-12

Data are either absent or
incomprehensible.

Some important data are
absent or
incomprehensible. They
are not organized in
tables or the tables are
not labeled properly.

All important data are
present, but recorded in a
way that requires some
effort to comprehend.
The tables are labeled but
labels are confusing.

All important data are
present, organized, and
recorded clearly. The
tables are labeled and
placed in a logical order.
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No Effort Progressing Expectation Exemplary

GE
Is able to
analyze data
appropriately
Labs: 1, 2, 4-12

No attempt is made to
analyze the data.

An attempt is made to
analyze the data, but it is
either seriously flawed or
inappropriate.

The analysis is
appropriate but it
contains minor errors or
omissions.

The analysis is
appropriate, complete,
and correct.

EXIT TICKET:
� Quit any software you have been using.
� Straighten up your lab station. Put all equipment where it was at start of lab.
� Report any problems or suggest improvements to your TA.
� Have TA validate Exit Ticket Complete.



CHAPTER 11. INTERFERENCE OF LIGHT 100

66

Arrangement of Slits and Gratings on the Green Slide (Illustration)

Figure 11.2. Arrangement of slits and gratings on black slide.


