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1 Introduction

The goal of this experiment is to profile a laser beam using the knife-edge
method to measure the Gaussian properties of a beam intensity profile. The
laser used in this experiment is the ThorLabs CPS635.

The strength of the electric field of the simplest mode of a laser beam
depends on the radial distance from the center of the laser. This is modeled
by the equation:
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In this equation, r is the distance from the beam axis and w is the beam ra-
dius. The beam does not cut off at any obvious point, therefore the intensity
is modeled by:
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As the laser beam propagates, the diameter will change depending of the
distance from the source or what lens it has passed through. The point at
which the diameter and by extension the radius is the smallest is the beam
waist. At the waist the radius is r = w0. The beam radius as a function of
the distance z from the source is:
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The quantity z0 ≡ πw2
0

λ
and is called the Rayleigh length. The Rayleigh

length is also defined to be the distance from the waist in which the area
of the beam cross section is doubled. Far away from the source or the far
field, when z � z0 the equation for the beam radius changes to w (z) = λz

πw0
.

Therefore if the wavelength is known, this equation can help us find the beam
waist w0 and if w0 can be measured, it can help us find the wavelength λ of
the laser.

2 Procedure

We set up lenses, a photo detector and laser in such a way that the beam
passes through a 30 mm lens then through a 92 mm lens which is the beam
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forming lens (BFL). This creates an exaggerated Gaussian beam profile that
makes it easier to measure. At the end of the beam, there is a 5.7 mm
lens. This lens is used to focus the the beam into the photo detector for
measurement. We set up a razor blade on a micrometer screw slide. This
was placed at five different points along the beam. These five points were
0.14m, 0.29m, 0.545m, 0.695m, and 0.905m from the (BFL). As the knob on
the slide is turned, the blade will uncover the beam revealing some of the
light to be measured by the photo detector. We use the relationship between
how much of the beam is blocked and the measurement on the detector to
profile the beam. This measurement is to be repeated at the five points so
we can get measurements for the divergence angle and Rayleigh length.

Once the data is taken from the experiment, the result is what is called
an error function. To find the normal distribution, we take the numerical
derivative of the set of data. This gives us the intensity profile at different
points along the beam.

3 Data/Results

The dark blue graph data is the raw data from the knife-edge measurements
and the light blue is the intensity profile at different points along the beam
and is the numerical derivative of dark blue data. After the beam waist
(0.545cm), the profiles appear to be distorted. This may be due to imperfec-
tions in the lenses used or the result of the beam being slightly off center from
the lenses. Nevertheless, these plots don’t look like they obey the formula
for a Gaussian distribution. For the sake of completion, we went on with the
experiment and measured the other beam parameters based on the data we
have.

We began by finding the beam radius w based on the z distance from the
BFL. We used the 1

e2
of the maximum of each intensity profile taken to find

the beam diameter and used 1
2

of the diameter as the radius which gave us:

w z

0.2425in 0.14m
0.1425in 0.29m
0.006in 0.545m
0.1075in 0.695m
0.2225in 0.905m
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Figure 1: These plots are the raw data from the knife-edge measurements.
They have the general shape of an error function although slightly distorted.

The beam waist was then measured from three references. First we used the
direct knife edge measurement of the waist. Then we used the slope of the
beam radius from the BFL which means we took the slope of w from 0.14m
from the BFL to the 0.545m which is the where the waist is located. The FL
reference is the slope from w at the waist to w at 0.905m at the end. The
slope of the equation results in the approximation of the size of the waist.
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Figure 2: The intensity profile at various distances from the beam forming
lens (BFL). The point 0.545cm from the BFL is as close to the beam waist
that we could measure.

Knife edge BFL FL Average

0.006in 0.0058in 0.006in 0.00593

The Rayleigh length is defined as the distance from the waist where the
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area is of the cross section is
√

2w0. Using this criteria, we found a Rayleigh
length of 0.0052m from the beam waist. Finally, the beam divergence was
measured by taking z distance from the first measurement (14m from BFL)
to the waist and the difference between radius at the first measurement and
at the waist or dw

dz
. After converting the units from inches to meters, we used

the inverse tangent function to find the divergence angle and got θ = 0.0152◦.
The following table is the final beam parameters:

Beam parameters

w0 0.000151m
z0 0.0052m
θ 0.0152◦

0.1075in 0.695m
0.2225in 0.905m

4 Discussion

Looking back at figure 2, none of the five beam intensity profiles measured
looks like they follow a Gaussian distribution. Out of concern, we looked
up the data sheet for the laser we used in this experiment, the ThorLabs
CPS635. Eventually we have found out that they have profiled the beam as
well and produced the two plots below.

Figure 3: This beam profile looks similar to the ones we got in our experiment
and does not obey the Gaussian distribution. We can see a potential source
of our troubles near the left and right ends of the picture.
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After some inspection, we noticed that near the center of the intensity
profiles, it obeys the Gaussian distribution but there is a sharp drop off at
the far left and the far right. In figure 1, the ”error functions” are cutoff at
the top and bottom. This could mean that the beam is being cutoff by an
aperture. Our measurements, as well as the intensity profile from figure 3
(left) were taken on the long axis of the beam. On figure 3 (right) it appears
that the laser beam is actually wider than the aperture it passes through, but
only on the long axis. It is possible that this is causing single slit diffraction
that is responsible the steep intensity drop-offs at the ends of the plots. This
is made more evident due to the ripples at the ends of the figure 3 (right).
Since the laser goes through the aperture before the collimating lens, this
can explain why we don’t see any more diffraction peaks far from the peak
intensity and the only ones we see are closely spaced near the beam would
be cutoff. The diffraction may also be what causes the slight peaks before
the drops in some of the graphs.

5 Conclusion

The experiment went a different direction once we realized that the intensity
distributions were not Gaussian. We then tried to figure out what may be
causing the beam to behave the way it is. It turns out that the experiment
was not the problem when it comes to getting the appropriate beam profiles.
Instead the Laser module we were using was not designed to out a Gaussian
intensity on its long axis. As of now we are unsure of what particular prop-
erties of the laser diode and collimating lens and aperture cause this laser to
behave this specific way to create the elliptical beam shown in figure 3. In the
future, we will use a true Gaussian laser to perform practical experiments.
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