
Measuring the

Wavelength of Light
with a Ruler
Keigo Iizuka

Almost 20 years ago, Arthur L. Schawlow, the 1981 Nobel laureate,

told me that a metal ruler could be used to measure the wavelength

of light. Since then, I have always wanted to verify the accuracy of

such a method for myself. Well, I finally found the time to perform

the experiment; the method and results are reported in this article.  
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180 degrees out of phase; namely, the
path length difference between the two
light rays is an odd multiple of a half
wavelength.

If we remove the common parallel
paths, the approximate expression for
the path length difference �l between
the two rays reaching Pm is 

�l =AC – BD. (1)

Referring to the diagram in the 
figure, the expression for �l is written as

�l = d cos �0 – d cos (�m – �0), (2)

where �0 is the inclination angle of the
ruler, �m is the direction that the ray
makes toward point Pm with respect to
the direction of the laser beam along the
z axis, and d is the spacing between the
graduations. For a millimeter scale,
d = 1 mm. At such angles of �m that
make �l an integral multiple of a wave-
length of the light, the laser light scat-
tered from these two points adds
constructively and the light intensity at
Pm becomes maximum every time �l
goes through the integer with increasing
�m . This condition is not limited to two

adjacent indentations; the contributions
from all other indentations become in
phase. With a larger number of inden-
tations a stronger maximum appears.
From Eq. (2), the condition for the loca-
tion of the maxima on the screen is
therefore

d cos �0 – d cos (�m – �0) =  m�. (3)

The angle �0 is the inclination angle
of the ruler with respect to the horizon-
tal line, which can be measured by the
direction of the reflected light from the
non-graduated portion of the surface of
the scale. The values of �m can be deter-
mined from the array of maxima Pm

displayed on the screen.
By knowing the value of the left-hand

side of Eq. (3), � can be determined.
The wavelength �g in water is mea-

sured with the tanks filled with water,
and the wavelength �a in air is measured
directly projecting onto a room wall
without any water in the path. The ratio
of these two wavelengths is the refractive
index n of the water:

�a / �g = n. (4)
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Geometry of the diffraction pattern from the indentations of the ruler.

T his experiment makes use of the
diffraction of light1 from the
millimeter graduations on a

pocket size metal ruler. Wavelengths are
measured in air and in water; the refrac-
tive index of water is determined by 
calculating the ratio of the two.

What you need
To try this experiment yourself, you 
will need the following tools:

• A pocket size metal ruler with
engraved graduations; this type 
of ruler is very often carried by
machinists.

• Any visible wavelength laser with an
output of a few tens of milliwatts. A
laser with lower output power can be
used, but with reduced sensitivity.

• A few rectangular water tanks,
such as those commonly used as 
fish aquariums.

• A camera to take a picture of the 
projected diffraction pattern.

Underlying principles 
The geometry of the diffraction experi-
ment is depicted in the illustration to the
right. The expanded portion of the fig-
ure represents a detailed view of inden-
tations A and B.

Let the laser light, which is a single
spectrum of wavelength, be incident
horizontally onto a slightly slanted ruler
with angle �0. Each indent of the gradua-
tion in the scale scatters the laser light
almost uniformly in all directions.
Among all the scattered rays, we consider
only the ray that reaches point Pm on the
back screen after the scattering. We first
consider the interference between two
such light rays, which are indicated by
the red and blue lines in the figure that
hit the consecutive indentations A and B.

The interference of light reaching Pm

from these two consecutive indentations
adds constructively and becomes a maxi-
mum when these two light rays are in
phase; namely, the path length difference
between the two light rays is an integral
multiple of the wavelength. On the other
hand, the interference of these two light
rays becomes a minimum when they are
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Experimental procedure 
In the process of measuring �m, the
longer the light projection path is, the
higher the accuracy. We used several
small water tanks to create a long projec-
tion path.

The illustration to the right shows 
an arrangement of four small tanks 
(12 � 6 � 8 inches). The thickness of the
glass wall is 2 mm. A 15 cm pocket-sized
machinist’s ruler was fixed horizontally
on two posts, which were in turn
attached to the floor of the first water
tank—all using beeswax.

The beeswax was affixed via the sides
of the posts to avoid getting it under-
neath the posts or ruler—which might
affect positioning.

A 30 mW He-Ne laser beam is inci-
dent to the staggered water tanks from
the first tank (the one all the way to the
right in the illustration). A translucent
paper is pasted on the far end wall of the
fourth water tank so that the diffraction

1. Correctly position the
ruler inside the first tank. 

Let’s assume that the laser beam is in
the horizontal direction. In pitch-yaw-
roll terms, with the laser beam axis as
the point of reference, the pitch corre-
sponds to the vertical slant angle of the
ruler. Carefully adjust the pitch of the
ruler about one half degree from the
laser beam so that the graduations of
the ruler are illuminated only for about
3 to 5 cm of the ruler. (We used mount-
ing posts with a height difference of
about 0.5 mm to produce the necessary
pitch angle.) 

The yaw component, which corre-
sponds to a rotation of the ruler in the
horizontal plane, can affect the value of
d. Center the laser beam with respect to
the graduations to minimize the yaw
component. The roll component, which
is the tilt of the ruler about the laser
beam axis, can affect the baseline mea-
surement. To diminish that, use a level 
to ensure that equivalent points on
opposite sides of the ruler are at the
same height.
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Diagram of the experimental setup.

Step-by-step

pattern can be displayed. Another ruler
for measuring the height of the maxima
is glued vertically next to the translucent
paper.

Although we began our experiment
by measuring the wavelength in water
and then in air, the procedure can be
modified to measure the air first.

2. Carefully fill the first tank with enough water to submerge 
the ruler and confine all light paths to the water. 

Do not overfill the first tank because the extra weight of the water might cause the 
tank bottom to sag. Use distilled water. Distilled drinking water is readily available and
inexpensive; it is sold in large gallon plastic containers for water coolers. Check the
label, as not all bottled drinking water is distilled. Fill the remaining tanks with water,
increasing the water level as needed to ensure that the light paths remain confined.
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3. Take a photograph of the diffraction pattern displayed on 
the translucent screen at the end of the fourth tank. 

Dim the room light while you are taking the photographs.
If your camera has an auto exposure shutter feature, it is difficult to take a 
picture of the scale on the display and the diffraction pattern at the
same time because of the large difference in the intensity of light
into the camera. One way to address this is to insert an optical
attenuator to control the laser light power. If an optical attenu-
ator is not available, you can improvise by using two polarizer
sheets. The transmission of light can be continuously varied by
adjusting the angle between the transmission axes of the polar-
izer sheets.

The easiest strategy is to take two pictures: one of the scale
with the room light on, and another of the diffraction pattern
without the room light. Integrate these two pictures when you read
off the diffraction pattern.

If you use a digital camera, the image can be easily enlarged on a computer 
screen, and the accuracy of the measurements is further increased.

4. Measure the slope angle �0 of the surface of the 
ruler as follows: 

Translate the first tank, which houses the ruler, in the direction perpendicular to the
laser beam by half the width of the ruler so that the laser beam hits along the center
portion of the ruler where there is no graduation. The laser beam spot on the display
due to specular reflection of the ruler surface provides 2�0, from which you can calcu-
late the slope angle �0.

You will observe a spot with an exceptionally large spread between the baseline
spot and the m=1 spot in the diffraction pattern (see top left photo on p. 29). The 2�0

spot is at the same location as the center of the spread. It is important to note that the
orders of the diffraction peaks are counted excluding the peak originating from the
specular reflection of the ruler surface.

28 Optics & Photonics News ■ June 2005

MEASURING THE WAVELENGTH OF LIGHT

5. Determine the z axis 
of  the incident laser
beam as follows: 

Continue translating the first
tank in the direction perpen-
dicular to the laser beam until

the laser beam reaches
the far end of the

display without
any obstruction.
Remember that
�m is measured

with respect to
this z axis. Finally,

take a measurement of
distance from the center of the illumi-
nated portion of the submerged ruler
in the first tank to the display at the
end of the fourth tank. Measure this
distance with care because it will
influence the final result.

6. Now measure the 
wavelength in the air. 

Remove all tanks except the first one 
in which the ruler is installed. Siphon
water from the first tank so that the
ruler is no longer submerged. Carefully
dry the surface of the ruler surface as
well as the wall of the tank where the
light exits. Project the diffraction pat-
tern directly onto a white sheet of
paper posted on a distant wall of the
room. The longer the projection dis-
tance is, the higher the accuracy of
the measurement.

On the white sheet of paper, mark
the positions Pm of the peaks of the
diffraction pattern by pencil and mea-
sure the positions with your scale
ruler. Because of the longer projection
distance, you can make the measure-
ments directly without the aid of the
camera. Using the same technique as
in steps 4 and 5, mark and measure 
�0 and the point of incidence of the
unobstructed laser beam. Finally, mea-
sure the distance from the center of the
illuminated portion of the ruler to the
display on the room wall.

Checking the overall alignment.

Step-by-step continued
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The refractive index was determined
by taking the ratio of the wavelengths 
in air and in water. The value of the
refractive index of distilled water at a
temperature of 20.5˚ C obtained by 
taking the ratio of the wavelengths was 
n = 1.33±0.02. These measurements
comport with those listed in the litera-
ture3: The refractive index of pure water
at 20° C measured by the sodium light
wavelength of 0.5893 �m is reported as
n = 1.33335.

This experiment shows that you do
not need a complicated set-up to deter-
mine the wavelength of laser light and
the index of refraction of water. Indeed,
you can achieve the same results with a
$2 ruler as with a $20,000 optical spec-
trum analyzer. The accuracy in position-
ing the diffraction spots would increase
even more if more tanks were used.

This experiment is a great way to
acquaint students with the principles
underlying the field of spectroscopy.
I hope you give it a try and experience
the excitement for yourself!
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Diffraction pattern in water (left) and baseline (right). 
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Results 
The photos at right show the diffraction
patterns in water (left), the laser beam
without obstruction (right) and the
reflection from the surface of the ruler
(circular inset).

The diffraction pattern in water 
was photographed in dim room light,
whereas the baseline and ruler surface
photographs were taken with the optical
attenuator inserted with the room light
on. The necessary information was read
from these photographs.

In order to increase the accuracy 
of the measurements, d [cos �0 – cos
(�m – �0)] was plotted in the y axis and 
m in the x axis for different values of m.
Note that Eq. (3) is a linear function of
m with � as its tangent. The points are
expected to lie in a straight line, and its
slope gives the required wavelength � as
shown in the graph below.

An advantage of this method is that
the average of the experimental values 
is determined automatically, and any 
systematic error in the measurements
becomes evident if the graph is not a
straight line.

Of course, it is also possible to calcu-
late � for each m separately and then
take an average, but this value cannot 
be used to find the systematic error.
The average value � obtained was
0.633±0.003 �m. The accepted 
value2 of the He-Ne laser wavelength is 
0.6328 �m. The wavelength in water 
was 0.474±0.003 �m.

The wavelength is obtained from the slope of the graph.


