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This article deals with the urgent problem of introducing modern information technologies into the physics workshop, which
increases the efficiency of the educational process and contributes to the formation of students' research competencies. The aim of the
study is to analyze the capabilities of the Wolfram Mathematica software environment for processing and visualizing the results of
interference experiments on the example of the laboratory work “Newton's Rings”. The research methods include theoretical analysis
of interference phenomena, computer modeling in the Wolfram Mathematica software environment, and the use of interactive
demonstrations of the Wolfram Demonstrations Project. An algorithm for processing experimental data is proposed, which allows the
automation of calculations and improves their accuracy. The results of the study are presented in the form of a mathematical model of
Newton's rings, which provides a visualization of the interference pattern and allows studying the dependence of its characteristics on
various physical parameters of the system. Methodical recommendations for integrating Wolfram Mathematica software environment
into a laboratory physics workshop have been developed. It is proved that the use of this software contributes to the development of
skills in working with modern software tools, stimulates students' research activities, and provides interdisciplinary links between
physics, mathematics, and computer science. The implementation of the proposed methodology allows the preparation of future
specialists for professional activities in the context of the digital transformation of science and education. The paper highlights the
pedagogical value of the Wolfram Demonstrations Project as an accessible and interactive supplement to theoretical instruction and
physical experimentation. The results confirm that incorporating Wolfram Mathematica into the laboratory framework supports the
development of digital competencies, critical thinking, and a research-oriented mindset. Ultimately, the implementation of this
methodology prepares students for professional scientific work in an era of digital transformation in science and education.
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Using wolfram mathematica software environment to process the results
of the laboratory work “newton's ring”

INTRODUCTION

The modern system of higher education is actively
introducing advanced information technologies that
significantly enrich the methodological arsenal of the
teacher and expand the opportunities for students to acquire
professional competencies [1]. This is especially important
in the study of physics, where the experimental component
plays a fundamental role in shaping the scientific outlook
and practical skills of future professionals. A laboratory
workshop in physics requires not only high-quality
experiments, but also the correct processing of the results,
their interpretation, and formulation of conclusions [2].

The Wolfram software environment, which includes
Wolfram Mathematica and the Wolfram Demonstrations
Project, is a powerful tool for implementing computational,
analytical, and visualization tasks in physics. It allows you
to automate routine calculations, improve their accuracy,
and provide a clear presentation of data [3]. This is
especially important in the study of wave optics and, in
particular, interference phenomena, the visualization of
which is often difficult using traditional methods.

The purpose of this article is to analyze the possibilities
and features of using the Wolfram software environment
for processing the results of laboratory work in physics on
the example of an experiment on the study of Newton's
rings. Attention is also paid to the methodological aspects
of using Wolfram in the educational process and its
integration into the laboratory workshop on physics in
higher education institutions.

THEORETICAL FOUNDATIONS OF THE
NEWTON RINGS PHENOMENON

Newton's rings are a classical interference phenomenon
observed when light is reflected from two surfaces forming
a thin air gap of variable thickness [4]. A typical
experimental setup consists of a flat-convex lens with a
large radius of curvature located on a flat glass plate. When
such a system is illuminated with monochromatic light, a
characteristic interference pattern in the form of concentric
light and dark rings is observed.

The intensity of the reflected light at the point
corresponding to the distance r from the center of contact
between the lens and the plate is determined by the formula

(1):
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where I; - is the intensity of the incident light, R; and R ,,
— are the reflection coefficients from the upper and lower
surfaces, § — is the phase difference between the rays,
defined as (2):
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The thickness of the air gap d(r) at a distance r from
the contact point for a spherical surface of radius R is
defined as (3):
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For dark rings, the condition is satisfied:

d (7") — mTA: (4)

where m — is an integer (interference order), A — is the
wavelength of light.
The radius of dark rings determined by the formula:
Ty = VMAR. (5)
Thus, measuring the radius of the rings allows you to

determine the radius of curvature of the lens or the
wavelength of light [4].

MODELING OF NEWTON RINGS IN WOLFRAM
ENVIRONMENT
Wolfram Mathematica provides ample opportunities
for modeling physical processes and phenomena thanks to
its powerful mathematical apparatus and flexible
visualization tools. Let's consider the main stages of
modeling Newton's rings in this environment.

Stage 1: Defining input parameters
It is necessary to set the physical parameters of the
system: the radius of curvature of the lens R, the
wavelength of light A, the reflection coefficients R; and R,.

Stage 2: Defining the intensity function
Based on theoretical formulas, we create a function to
calculate the intensity of the reflected light depending on
the distance from the center.

Stage 3: Visualization of results

Several approaches can be used to visualize the
interference pattern. The figures show the results of
computer modeling of the classical optical phenomenon of
Newton's rings observed in reflected monochromatic light.
The modeling was performed using the following
parameters: radius of curvature of a flat-convex lens
R =105 cm and wavelength of incident light 2 = 650 nm.

1. A two-dimensional image of the interference
pattern.  Figure 1  visualizes the two-dimensional
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interference pattern. It consists of a system of concentric
rings, where the bright fringes correspond to interference
maxima, and the dark fringes correspond to minima. A
characteristic feature of the pattern in reflected light is the
presence of a dark spot at the center (» = 0). This is due to
the additional phase shift of @ upon the reflection of the
light wave from the boundary with an optically denser
medium (the surface of the flat glass plate). It is observed
that as the radius increases, the rings become narrower and
the distance between them decreases.
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Fig. 1. The interference pattern of Newton's rings,
depending on the back wavelength and radius of
curvature of the lens.

2. One-dimensional graph of intensity versus distance.
Figure 2 shows a quantitative plot of the light intensity / (in
arbitrary units) versus the radius 7 (in cm). The dashed line
represents the calculated intensity profile. The plot
confirms that the intensity at the center of the system
(r=0) is zero. Subsequently, the intensity oscillates,
reaching a normalized maximum value at the positions
corresponding to the bright rings. With increasing radius,
the frequency of these oscillations increases, which
correlates with the densification of the rings observed in
Figure 1. This plot allows for the precise determination of
the radii of the bright and dark rings and the analysis of the
change in their width.

For a more realistic display of Newton's rings, you can
use the RevolutionPlot3D function, which creates a three-
dimensional image based on the rotation of the function
around the axis.
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Fig. 2. Dependence of light intensity on the radius of

Newton's rings.
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Stage 4: Analyze experimental data

Wolfram Mathematica allows you to efficiently process
experimental data for comparison with the theoretical
model. Suppose we have a set of experimental values of
dark ring radii 1, for different interference orders m:

To determine the radius of curvature of the lens, we can
use the least-squares method. According to the theoretical
formula, the square of the ring radius is directly
proportional to the interference order.

USING WOLFRAM DEMONSTRATIONS
PROJECT IN THE EDUCATIONAL PROCESS
The Wolfram Demonstrations Project is an open
platform for interactive demonstrations created in the
Wolfram Mathematica environment [5]. The project
contains thousands of demonstrations from various fields
of knowledge, including physics. Particularly noteworthy
is the demonstration “Intensity Profiles for Newton's
Rings” [6], which allows visualizing the interference
pattern of Newton's rings and studying the dependence of
its characteristics on various parameters.

This demonstration allows you to dynamically change
these parameters:

. the radius of curvature of the lens;

. wavelength of light;

. refractive indices of media.

Using such interactive demonstrations in the learning
process has a number of advantages:

1. Visibility - students can directly observe the effect
of changing parameters on the interference pattern.

2. Interactivity - the ability to experiment with
parameters in real time stimulates research activity.
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3. Accessibility - to view the demonstrations, it is
enough to have Wolfram Player, which is distributed free
of charge [7].

4. Integrated approach - the combination of theory,
experiment and computer modeling provides a deeper
understanding of physical phenomena.

To effectively use the Wolfram Demonstrations Project
in a laboratory workshop, we recommend the following
approach:

1. Familiarizing students with the theoretical
foundations of the phenomenon of Newton's rings.

2. Conducting a traditional experiment by measuring
the radii of rings.

3. Processing the results using Wolfram Mathematica.

4. Comparison of experimental data with a theoretical

model and a demonstration from the Wolfram
Demonstrations Project.
5. Analysis of possible sources of errors and

discussion of results.

GUIDELINES FOR IMPLEMENTING
WOLFRAM IN THE LABORATORY WORKSHOP

Based on the study, we can formulate the following
methodological recommendations for the implementation
of the Wolfram software environment in a laboratory
physics workshop:

1. The preparatory stage is the development of
methodological materials that contain basic information
about working in Wolfram Mathematica and describe the
data processing algorithm for a particular experiment [8].

2. Integration with traditional methods - Wolfram
should be considered as a complement to traditional
methods of conducting and processing experimental
results, not as a replacement.

3. Gradual introduction - start with simple tasks with
gradual complication so that students can master the basic
principles of working with the software environment.

4. Individual approach - tasks can be adapted to
different levels of students' training, which contributes to
the implementation of the principle of individualized
learning.

5. Interdisciplinary connections - the use of
Wolfram helps to strengthen interdisciplinary connections
between physics, mathematics and computer science [9].

CONCLUSIONS

The use of the Wolfram software environment to
process the results of physics laboratory work, in particular
when studying Newton's rings, has significant didactic
potential and opens up new opportunities to improve the
efficiency of the educational process.

The main advantages of this approach are:

1. Improving the accuracy of experimental data
processing through the use of powerful mathematical

methods.

2. Improving the visualization of physical phenomena
contributes to a deeper understanding of the essence of
processes.

3. Development of students' skills in working with
modern software tools that are widely used in scientific and
engineering practice.

4. Stimulation of students' research activities through
the opportunity to experiment with model parameters.

5. Saving time on routine calculations, allows you to
focus on analyzing and interpreting the results.

The integration of Wolfram into the laboratory
workshop should be carried out with due regard to didactic
principles and with appropriate methodological support.
This will ensure that students develop a holistic view of
scientific research methods and prepare them for
professional activities in the context of the digital
transformation of science and education.
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VY cTaTTi po3riIaeThes akTyalabHa MpobiieMa BIPOBaKEHHS CyJacHHUX iHGOpMaIifHIX TeXHOJOTIH y (i3UYHHI MPAKTHKYM, IO
migBuIIye e(eKTHBHICTh HABYAJIBHOTO IIpOIecy Ta cHpusie (GOpMyBaHHIO IOCHITHHUIBKHX KOMIIETEHNIH CTyneHTiB. Meroio
JIOCIIJDKEHHS € aHajli3 MOJIMBOCTeH mporpaMHoro cepenosumia Wolfram Mathematica st o6poOku Ta Bisyamizamii pe3yibrartiB
eKCIIepUMeHTIB Ha Tpukiaangi gabopatopHoi po6oru "Kinbist Herorona". MeToau AOCHIIKEHHs BMIIIYIOTh TEOPSTUUHHMN aHaui3
iHTepdepeHIiiHNX SBHI, KOMITIOTEpHEe MoJeioBaHHs y cepemoBuili Wolfram Mathematica Ta BHKOPHCTaHHS iHTEPAKTHBHHX
nemoHcrpaiiin Wolfram Demonstrations Project. 3anpornoHoBaHO OpHTiHAIBHUI anropuT™M O0OpPOOKM eKCIIepUMEHTAIbHUX TaHUX,
SIKMA JIO3BOJISIE aBTOMATH3YBaTH PO3PAaXyHKH Ta MiABUIIMUTH IX TOYHICTh. Pe3ymbTatu InOCii[KeHHS HpeAcTaBieHi y ¢opmi
MareMaTHIHOI Mojeni Kirens HproToHa, mo 3a0e3nedye Hao4Hy Bisyalli3amilo iHTep(epeHIIHHOT KapTHHH Ta JO03BOJSE BHUBYATH
3aIKHICTD 11 XapaKTEepUCTHUK BiJ Pi3HUX (I3MYHMX HapaMeTpiB CHCTeMH (pajiiyc KPHBU3HHM JIH3H, JOBKXHHA XBWIi). Po3pobieHo
JIeTIbHI METOIUYHI PEKOMEHIAIIT 010 iHTerpalii mporpaMuoro cepepoBuiia Wolfram Mathematica y cTpykTypy 1a6opaTopHOTO
MIpaKTHKyMy 3 (izuku. JloBeseHo, 10 BUKOPHUCTAHHS IporpaMHoro 3abdesnedeHnss Wolfram Mathematica cripusie pO3BUTKY HaBHYOK
po0OTH 13 Cy4yacHUMH HPOTPAMHUMH 3aC00aMH, CTHMYJIIOE JOCIHIAHUIBKY AiSUIBHICTD CTYACHTIB Ta 3a0e3medye MDKINCUUILTIHAPHI
3BSIBKM MiX (Di3MKOIO, MAaTeMaTUKOI Ta iH(OPMATHKOK. BHpoBa/ykKeHHS 3amponOHOBAaHOI METOOMKH JO3BOJISE MiATOTYBaTH
MaiiOyTHiX ¢axiBLiB 10 mpodeciiiHoi AisnpHOCTI B yMoBax 1udpoBoi TpaHcdopmamii Hayku Ta ocBiTH. [ligkpecieHo meaaroriyny
LiHHICTh IHTEPAKTUBHHX AeMoHcTpamii Wolfram Demonstrations Project sik goctymHoro ta e(eKTHBHOTO I1HCTPYMEHTY Ui
TIOTTIMOICHHS. PO3yMIiHHS Matepiany. Pedynbratu miaTBep/ukyroTh, o BKIoYeHHs cucremu Wolfram Mathematica y naboparopsi
po6otH 3 Gi3nKH € MOTYKHUM KaTaIi3aTOpoOM JUIS PO3BUTKY HU(PPOBHX KOMIIETEHTHOCTEH, KpHTUYHOTO MUCIIEHHS Ta JOCIiTHUIEKOTO
MHUCJICHHS CTYAEHTIB, III0 € OCHOBHIM BHCHOBKOM POOOTH.

Knruoei cnosa: xinvys Hotomona, Wolfram Mathematica, inmepghepenyis, odpobka excnepumeHmanbHux Oanux, Qisuunuil
npaxmukym, Wolfram Demonstrations Project, komn 1omepHe MOOeno8anHts, ONMuKA.
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