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Abstract: 
           Lasers have gained greater relevance over time, from communication and medical applications to 
metrology, holography, and industrial applications, among others. Therefore, in various applications, it is 
necessary to know one of the main characteristics of a laser when its beam is intended to be set up in an 
experimental arrangement, for which, in this publication, a traditional methodology to obtain the waist 
radius, radius, and focus of a laser beam in the infrared spectrum will be visualized and focused on. 
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I. INTRODUCTION 

The laser is one of the discoveries and 
developments that have marked science and 
technology, whose phenomenology is based on 
Albert Einstein's theory of stimulated emission [1]. 
With it, it is possible to develop various applications 
across different fields and hazardous environments 
[2], as well as to serve as a support tool for the 
development of experimental setups to address real 
problems in Science and Technology.  

 
There are various types of lasers with distinct 

characteristics, structures, operational mechanisms, 
and operating frequencies or wavelengths, including 
the pumping source. Among them, we find 
semiconductor lasers, gas lasers, carbon dioxide 
lasers, argon lasers, Helium-Neon lasers, among 
others, such as fiber-made sensors [3] commonly 
known as all-fiber sensors [4] to perform 
measurements in rotation, acceleration, electric and 

magnetic fields, temperature [5], pressure, vibrations, 
acoustics, linear and angular position, stress [6-7], 
humidity, viscosity, chemical measurements, among 
many other applications [8]. The laser, as its 
acronym suggests, is a device that amplifies light by 
stimulated emission of electromagnetic radiation to 
produce a highly directed beam and has a pure 
frequency or wavelength [9-10]. 

 

II. EXPERIMENTAL DEVELOPMENT 

In order to obtain the lens focus, the waist, and the 
width of the laser beam, two experimental setups will 
be assembled. The first of these is shown in Figure 1; 
the detector is mounted on a lateral-displacement 
mount, and its position is varied using a micrometer. 
With the help of a voltmeter, the maximum voltage 
at the center of the detector and the minimum voltage 
at one of its edges were located in order to calculate 
the spot radius 𝑊𝑑ଵ (radius in detector 1). 
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Fig. 1. Experimental setup for the measurement of the radius of the laser 

beam spot. 
 
Subsequently, a table of experimental data is 

generated, and a Gaussian curve is obtained; an 
approximation is applied to have a cleaner graph 
(Figure 2). 
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Fig. 2. Gaussian curve obtained by varying the voltage vs the variation of 
the detector position. 

 
From the previous graph, a maximum voltage of 

𝑉௠௔௫ = 0.2369 𝑣𝑜𝑙𝑡𝑠  is determined. Dividing this 
value by 𝑒ଶ gives a voltage of  𝑉 = 0.03206 𝑣𝑜𝑙𝑡𝑠. 
Therefore, at this voltage, its abscissas (x) are 
determined at points 𝑃ଵ and 𝑃ଶ (Figure 3), in order to 
obtain the diameter of the spot, and consequently the 
radius of the spot (𝑊𝑑ଵ = 2.135 𝑚𝑚) on detector 1. 

 

 
Fig. 3. Main parameters of a Gaussian curve 

 

The second experimental setup is similar to the 
first; the only difference is that the detector is placed 
at a distance 𝐿ଶ=43 cm (figure 4), which makes the 
spot on detector 2 larger. 

 
 

 
Fig. 4. Second experimental setup for measuring the laser beam spot radius. 
 
 
Following the same procedure, a Gaussian curve 

is obtained (figure 5) and consequently the spot 
radius (𝑊𝑑ଶ = 3.2452 𝑚𝑚) in detector 2. 
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Fig. 5. Gaussian curve obtained by varying the voltage vs the variation of 

the position of detector 2. 

 
The next step is to calculate the focus (𝑓), the waist 

( 𝑊𝑜 ), and the beam width ( 𝑊𝑜ଵ ); for this, the 
following equations are proposed based on Figure 6. 

 
 

𝑓 = 𝐿ଶ − 𝑑                    𝑒𝑐𝑠. 1 

𝑊𝑜 =
𝜆𝑓

𝜋(𝑊𝑜ଵ)
            𝑒𝑐𝑠. 2 

𝑊𝑜 =
𝜆𝑑

𝜋(𝑊𝑑ଶ)
           𝑒𝑐𝑠. 3 
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Fig. 6. Experimental setup for the measurement of the laser beam waist 

radius. 
 

The distance d is calculated using similar 
triangles through the expression: 

 
𝑊𝑑ଶ − 𝑊𝑑ଵ

𝑊𝑑ଶ

=
𝐿ଶ − 𝐿ଵ

𝑑
            𝑒𝑐𝑠. 4 

 

𝑑 =
(𝐿ଶ − 𝐿ଵ)(𝑊𝑑ଶ)

𝑊𝑑ଶ − 𝑊𝑑ଵ

                𝑒𝑐𝑠. 5 

 
By applying equations 1, 3, and 2, the value of the 

focal distance (𝑓), the waist radius (𝑊𝑜), and the 
laser beam radius (𝑊𝑜ଵ) are obtained, respectively. 

 

III. RESULTS 

The results can be seen in the following table: 
 

Variable Descripción  (mm) 
𝑊𝑑ଵ Spot radius on detector 1 2.135 
𝑊𝑑ଶ Spot radius on detector 2 3.2452 

𝑑 Auxiliary distance to calculate 𝑓 336.34 
𝑓 Focal distance 93.66 

𝑊𝑜 Waist radius 0.021 
𝑊𝑜ଵ Laser beam radius 0.898 

Table 1. Values obtained experimentally. 

   
   The experimental determination of key parameters, 
such as waist radius, focus, and laser beam radius, 
was verified using the described methodology, 
which serves as a basis for solving various problems 
and applications across different areas of knowledge. 
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