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Diffraction; Single Slit This research aims to investigate/determine the value of
Experiment, He-Ne Laser; the laser wavelength produced by He-Ne lasers and Diode
Diode Laser lasers using the concept of diffraction at a single slit. The

gaps used consist of three types of gaps which have gaps
with a width of 0.12 mm, 0.24 mm, and 0.48 mm.
Experimental results show that the wavelength of He-Ne
laser light ranges from 640 nm to 646 nm. Meanwhile, the
wavelength of He-Ne laser light ranges from 640 nm to
686.67 nm. Based on the results obtained, it can be
concluded that it is proven that the wavelength calculated
using the single slit diffraction method is in the range of
values for lasers that emit red light.

INTRODUCTION

Diffraction is a physical phenomenon that can be explained using concepts in modern physics. In the
phenomenon of diffraction, light is seen and behaves as a wave [1] [2] [3]. When passing through a
thin slit, the light that passes through the slit has unique properties, it can form a light-dark pattern [4]
[5]. The distance of the light-dark pattern (y) is influenced by the width of the slit (d), the distance
between the slit and the screen (L), and the wavelength of the light that hits it (4). The concept of this
phenomenon is explained through the relation

dsin@ =ni; n=123,.. Q)
with n being the order of minimum intensity. Because the distance between the slit and the screen is
much greater than the slit width, then y = r so the value of sin6 = y/L. Thus, the equation (1)
becomes

d%= na (2)

A schematic of the diffraction phenomenon can be seen in Figure 1.
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Fig 1. Single-slit diffraction experiment [6]

Because it has these properties, lasers are often used as light sources in various fields, such as in the
fields of education, research, and applications in the health sector, etc [7] [8] [9] [10] [11] [12] [13].
Based on its energy density, coherence, and direction, lasers have been widely applied in applied fields
throughout the world in the fields of materials [14] [15], surface treatment on laser surface alloys [16],
laser remelting [17] [18] [19] and so on [20]. In the field of education and simple experiments, lasers
are often used in experimental activities, such as light reflection properties, light refraction properties,
light diffraction, etc [21] [22] [23] [24] [25] [26]. There are two types of lasers that are often used in
education and research: diode lasers and He-Ne lasers.

Laser diodes are the main optical sources in various optical fibers and are indispensable for our daily
lives [27]. Diode lasers are widely applied in the field of education [24]. Historically, Helium-Neon
(He-Ne) lasers have often been the primary choice for precision measurement instruments,
measurement devices, and some spectroscopic applications. The He-Ne laser was initiated in 1960 and
was the first laser to have extraordinary parameters.

He-Ne lasers have been widely researched and developed so that they have become a type of laser that
has frequency stabilization and high performance [28] [29] [30]. The use of He-Ne lasers has several
advantages over other types of lasers: high coherence length, stable central wavelength, high spectral
purity, high beam quality and alignment, and low cost. However, the use of He-Ne lasers also has
disadvantages: short lifetime, long warm-up time, low output power, very bulky, and consumes high
voltage.

METHOD

This research is an experimental research method. Tools and materials used in the experiment are: He-
Ne Laser (linear polarized), laser diode, holder with spring clip, diaphragm (469 91) optical lens
(f=+5mm and f=+55mm), precision rail, 4 rider optics, screens, saddle base. The experimental setup is
shown in Figure 2.
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Fig 2. Experimental setup in single-slit diffraction
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The first lens (f = +5 mum) is placed near the laser as a light source. The second lens with f = +50
mm is placed 55 mm away from the first lens. This placement is adjusted in such a way that the light
that passing through the second lens is parallel. The light that comes out of this lens then hits the
diaphragm which diffracts the light. The screen is placed 1500 mm behind the diaphragm as a tool to
capture the light pattern formed after the light is diffracted.

The light emitted by the He-Ne laser and diode laser will hit the positive lens (f=5 and f=55mm). This
aims to expand the cross-section of the laser beam produced by the laser. The lens position is adjusted
so that even though the beam’s cross-section is enlarged, the resulting rays remain parallel. This
expanded beam then hits the diaphragm with three different gap distances, namely 0.12 mm, 0.24 mm,
and 0.48 mm. After hitting the diaphragm, the diffraction pattern through a single slit using a He-Ne
laser and a diode laser is visible as a pattern on the screen as shown in Figures 3 and 4.

Fig 3. Light diffraction pattern using a He-Ne laser

Fig 4. Light diffraction pattern using a Diode laser

RESULTS AND DISCUSSIONS

Two different lasers (He-Ne and Diode) were used to calculate the wavelength based on the pattern
that appears in the diffraction phenomenon. On each laser, diffraction experiments were carried out
using a single slit diaphragm. Each laser will be experimented with three treatment parameters, namely
gaps with a width of 0.12 mm, 0.24 mm, and 0.48 mm. The data taken is data on the distance (y,) of
the first (n = 1), second (n = 2), and third (n = 3) dark patterns from the center point of the
diffraction pattern. This data is then used to calculate the diffracted wavelength value using the
equation

A=dyn L1 1)
with n being the n-th minimum intensity order formed on the screen.

The experiment data to obtain the wavelength of the He-Ne laser is presented in Table 1.
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Table 1. He-Ne laser wavelength

yL(mm) Average
d(mm) L(mm) y2(mm) A (nm) (nm)
y3(mm)
9 720
0.12 1500 17 680 686.67
25 660
5 640
0.24 1500 9 720 666.67
12 640
3 640
0.48 1500 5 640 640
7 640

The measurement results produce a distance value of the first (minimum) dark pattern (y;) of 9 mm
from the central light from a light that passes through a single slit of 0.12 mm. Using equation (3), a
wavelength value of 720 nm is obtained. The second dark pattern measurement (y,) is 17 mm from
the central light, with a calculated wavelength value of 680 nm. The measurement of the third dark
pattern (y3) is 25 mm from the central light, with a calculated wavelength value of 660 nm. Based on
the calculated values of the three wavelengths, an average laser wavelength value of 686.67 nm was
obtained.

Using a single slit d = 0.24 mm and a screen distance of 1.5 m, the distance of the first dark pattern
(v1) is 5 mm from the central light. This is logical because based on equation (2), the wider the gap
used, the denser the resulting pattern. The second dark pattern measurement (y,) is 9 mm from the
central light, with a calculated wavelength value of 720 nm. The measurement of the third dark pattern
(y3) is 12 mm from the central light, with a calculated wavelength value of 640 nm. Based on the
calculated values of the three wavelengths, an average laser wavelength value of 666.67 nm was
obtained.

Using a single slit d = 0.48 mm and a screen distance of 1.5 m, the distances of the first (y;), second
(yv,), and third (y3) dark patterns become denser: 3 mm, 5 mm, and 7 mm, respectively. using equation
(3), a similar result is obtained, namely 640 nm. This shows that the wider the gap used, the tighter the
pattern formed, in accordance with equation (2). A further conclusion is that based on the results of
measurements and calculations, the average values of the measured He-Ne laser wavelengths are in
accordance with [31] [32] [33].

Table 2. Diode laser wavelength
yl(mm)

dmm) L(mm)  y2(mm) 2 (nm) Average
y3(mm) (nm)
9 720
012 1500 16 640 673.33
25 660
4 640
024 1500 8 640 640
12 640
3 640
048 1500 5 640 640
7 640

Table 2 shows the results of wavelength measurements for diode lasers. We found that a gap of d =
0.12 mm and a screen distance of 1.5 m resulted in a distance of the first (minimum) dark pattern (y;)
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of 9 mm from the central light. Using equation (3), a wavelength value of 720 nm is obtained. The
second dark pattern measurement (y,) is 16 mm from the central light, with a calculated wavelength
value of 640 nm. The measurement of the third dark pattern (y5) is 25 mm from the central light, with
a calculated wavelength value of 660 nm. Based on the calculated values of the three wavelengths, an
average laser wavelength value of 673.33 nm was obtained.

Using a single slit d = 0.24 mm and a screen distance of 1.5 m, the distance of the first dark pattern
(1) is 4 mm from the central light and produces a calculated wavelength value of 640 nm. The second
dark pattern measurement (y,) is 8 mm from the central light, and the calculated wavelength value is
640 nm. The measurement of the third dark pattern (y3) is 12 mm from the central light, and the
calculated wavelength value is 640 nm. Based on the calculated values of the three wavelengths, an
average laser wavelength value of 640 nm is obtained.

Using a single slit d = 0.48 mm and a screen distance of 1.5 m, the distances of the first (y;), second
(yv,), and third (y;) dark patterns become denser, namely 3 mm, 5 mm, and 7 mm, respectively. The
calculation results obtained the same wavelength, namely 640 nm.

Through experiments using a He-Ne laser and a Diode laser, results were obtained that were not much
different. The range of wavelength values obtained through experiments is in the range of values from
640 nm to 686.67 nm. This indicates that this experiment is still in accordance with the reference
which states that the laser wavelength with red visible light is in the range of 630 nm to 700 nm [34]
[35] [36] [37].

CONCLUSION AND SUGGESTION

Based on the experiments that have been carried out, it can be concluded that the wavelength produced
by the He-Ne laser with red light is in the range of 640 nm to 686.67 nm. Meanwhile, the wavelength
produced by a diode laser with red light is in the range of 640 nm to 673.33 nm. This study used a
single diffraction slit with slit widths of 0.12 mm, 0.24 mm and 0.48 mm. These results are in
accordance with the literature which states that lasers with red light have a wavelength between 630
nm and 700 nm.
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