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Module 1: Trajectory 
Topic Description 
In this module, students will explore the relationship between mathematical functions 
and their graphical representations, focusing on spatial curves. The objective is to 
understand how a function of one variable can describe a three-dimensional curve, such 
as the trajectory of a moving object, like a drone. Students will design the flight path of a 
drone using two functions—one representing horizontal motion and the other 
representing vertical motion. The challenge is to navigate through specific points while 
avoiding obstacles. By manipulating the functions, students can visualize the drone's 
path in both 3D space and its projection on the XY plane. 

Importance of the Topic 
Understanding spatial curves described by functions is fundamental in many areas of 
mathematics, physics, and engineering. This knowledge allows students to connect 
abstract mathematical concepts with real-world applications, such as trajectory 
planning, optimization of movement, and control systems. Recognizing how changes in a 
function affect a curve in space develops spatial reasoning and problem-solving skills, 
which are essential in fields like robotics, computer-aided design (CAD), and 
aerodynamics. Furthermore, learning to manipulate functions to achieve desired 
outcomes builds a foundation for future work in advanced calculus and analytical 
geometry. 

Applications in Science 
The concepts covered in this module have broad applications across various scientific 
fields. In robotics, the ability to describe and optimize spatial paths is critical for 
programming autonomous systems like drones, robotic arms, or vehicles. In physics, 
understanding motion along a spatial curve helps in modeling trajectories of projectiles, 
planets, or particles. Moreover, in computer graphics, designing 3D models or animations 
often requires precise control over how objects move and interact in space. Finally, in 
aerodynamics and flight mechanics, the ability to calculate and adjust trajectories is key 
to designing efficient, safe flight paths. 

Practical Usefulness 
In practice, this knowledge is indispensable for professionals who need to design and 
control systems involving motion in three dimensions. For example, in drone navigation, 
engineers must calculate flight paths that account for obstacles and environmental 
conditions while optimizing for efficiency and safety. In game development, animators 
use these principles to create realistic character or object movement. Similarly, in 
architecture or urban planning, spatial curves are used to plan roads, bridges, or even the 
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placement of structures in relation to the landscape. Overall, this module provides 
foundational skills that are applicable in numerous high-tech industries. 

Module 1: Trajectory – short video 
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Module 2: Angles in a prism 
Topic Description 
The topic "Angles in a prism" involves the analysis of angles formed by the diagonals and 
edges of a prism. A prism, being a three-dimensional geometric, is one of the 
fundamental objects studied in spatial geometry. Understanding the angles that form 
between various elements of a prism is crucial for a deeper understanding of solid 
geometry and its applications to real-world problems. 

In this module, you can get acquainted with solids and angles by switching between their 
types using the arrows on the panel. A solid with an example of a given angle will appear 
in the Pillar on the left you can take it out and look at it up close. 

In this module you will find different prisms on two tables. In the center of the module the 
prisms and the angles in them are displayed. On the tablet we can select the mode: 
learning: where we can choose the solid and the angle to be shown. In the category: test 
we can solve 10 tasks using the solids shown on the tables. In the category: examples 
having the selected object we select a particular angle and specify the type of solid for 
information. 

Importance of the Topic 
Understanding angles in a cuboid (a prism) is important because it helps develop skills in 
analyzing and solving problems related to three-dimensional objects. Knowledge of this 
topic is foundational for further studies in spatial geometry, as well as in fields such as 
engineering, architecture, physics, and computer graphics. The ability to calculate and 
understand these angles is essential in designing three-dimensional structures and 
optimizing spatial arrangements.  

Applications in Science 
Angles in a cuboid (a prism) are widely used in various fields of mathematics, such as 
analytical geometry, linear algebra, and spatial analysis. Additionally, these concepts are 
applicable in physics, particularly in rigid body mechanics, where the analysis of angles 
between structural elements is crucial for understanding their stability and strength. 

Practical Usefulness 
Understanding angles in a prism is extremely useful in practice, especially in engineering 
and architecture. For instance, when designing buildings, machines, or other three-
dimensional structures, engineers must accurately understand the angular relationships 
between different elements to ensure the stability and functionality of the structure. 
Similarly, in computer graphics, knowledge of these angles is key to creating realistic 
three-dimensional models and animations. 



4 
 

  
 

Module 2: Angles in a prism – short video 
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Module 3: Angles in a pyramid 
Topic Description 
In this module, students will learn to identify, calculate, and understand angles in 
pyramids by applying geometric principles. The setting is similar to the previous module 
on spatial curves, but now the focus shifts to analyzing and manipulating pyramidal 
shapes. Students will work with various pyramids, exploring different tasks using 
interactive functions such as learning mode, practice mode, and examples mode. 
Through this module, students will deepen their understanding of spatial geometry and 
develop the ability to calculate angles between faces, edges, and vertices of pyramidal 
solids. 

Importance of the Topic 
Angles in pyramids are a crucial concept in geometry that helps students grasp the 
complexity of three-dimensional shapes. This knowledge is foundational in architecture, 
engineering, and design, where understanding the relationship between angles and 
structures is essential for creating stable and aesthetically pleasing forms. Moreover, 
calculating angles in 3D objects builds spatial awareness and logical reasoning, skills 
that are vital in advanced mathematics and real-world applications. This topic also serves 
as a stepping stone to more complex geometrical studies, such as polyhedra and 
trigonometry in 3D space. 

Applications in Science 
The study of angles in pyramids has wide-ranging applications in various scientific fields. 
In architecture, pyramidal structures are common due to their stability and aesthetic 
properties. Understanding the angles within these structures is critical for ensuring their 
strength and functionality. In crystallography, many minerals have pyramid-like 
structures, and calculating angles between crystal faces is essential for understanding 
their properties. In physics, especially optics, angles in pyramids are important when 
studying the reflection and refraction of light within prisms. Additionally, in engineering, 
the design of complex structures like roofs, towers, or beams often involves calculating 
angles similar to those found in pyramids. 

Practical Usefulness 
In practice, mastering the calculation of angles in pyramids is highly useful in fields such 
as construction, structural engineering, and urban planning, where pyramidal forms are 
often employed in the design of buildings, bridges, and monuments. Architects and 
engineers use these concepts to ensure the stability of roofs, domes, and other structural 
elements. Furthermore, in computer-aided design (CAD), professionals often need to 
model and manipulate pyramidal shapes and calculate the angles between surfaces for 
various purposes, including product design and virtual simulations. Understanding these 
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geometric relationships is also important in 3D printing and robotics, where precision in 
creating 3D models directly impacts the functionality and aesthetics of physical objects. 

Module 3: Angles in pyramids – short video 
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Module 4: Non-Euclidean geometry 
Topic Description 
In this module, students will explore elliptic geometry, a branch of non-Euclidean 
geometry that rejects Euclid's fifth postulate, the parallel postulate. In elliptic geometry, 
any two lines intersect at some point, meaning the concept of parallel lines does not exist. 
This has profound implications for understanding shapes and distances in curved 
spaces, such as the surface of the Earth. The VR-based module allows students to 
experience elliptic geometry in practice by navigating through a building where the paths 
resemble ellipses. This hands-on approach helps students visualize and understand the 
properties and principles of non-Euclidean geometry in an immersive environment. 

Importance of the Topic 
Understanding elliptic geometry is crucial for students as it broadens their view of 
geometry beyond the Euclidean framework. It plays an essential role in many fields, 
especially those dealing with curved spaces, such as geography, astronomy, and general 
relativity. In elliptic geometry, the concept of straight lines changes, which is vital for 
understanding how large-scale structures, like planetary orbits or global positioning 
systems (GPS), function in curved space. The module highlights the departure from 
classical geometry, offering a deep understanding of how mathematical models can 
change depending on the nature of the space being studied. 

Applications in Science 
Elliptic geometry has important applications in various scientific fields: 

• Geography: It is used to calculate accurate distances between points on the Earth, 
essential for navigation and map-making. 

• Astronomy and Cosmology: Elliptic geometry plays a crucial role in understanding 
the shape of the universe, celestial bodies, and orbits. 

• General Relativity: Einstein’s theory of general relativity relies on non-Euclidean 
geometry to describe the curvature of spacetime caused by gravity. 

• GPS Technology: The algorithms that calculate precise positions on Earth rely on 
elliptic geometry to account for the planet's curvature. 

By exploring these applications, students see how a seemingly abstract mathematical 

theory directly impacts technologies and scientific discoveries. 

Practical Usefulness 
The practical usefulness of elliptic geometry is extensive, especially in navigation and 
global positioning. For example: 
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• Pilots and mariners use great circles (geodesics) to determine the most efficient 
routes between two locations on the globe. 

• In urban planning and architecture, understanding non-Euclidean geometry can 
help design structures on curved surfaces or domes. 

• Geodesy, the science of measuring Earth's shape and its gravitational field, relies 
on elliptic geometry to accurately map the planet and predict changes over time. 

This module offers students practical skills that are not only academically enriching but 
also applicable to various industries and technologies. 

Module 4: Non-Euclidean geometry – short video 
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Module 5: Maxima and minima of functions 
Topic Description 
In this module, students will learn to find global extrema (both maximum and minimum 
values) of functions of two or three variables. The task is presented in an interactive way, 
where a system of three equations for the x, y, and z planes is displayed on a central 
screen. Students must identify the global extrema by placing markers (represented as 
spheres) on a 3D visualization of the surface generated by the equations. The module 
helps students understand how to interpret the geometry of functions and identify critical 
points where the function reaches its highest or lowest values globally, rather than just 
locally. 

Importance of the Topic 
Understanding global extrema is fundamental in many areas of mathematics and applied 
sciences. Finding these extrema allows students to solve optimization problems, which 
are critical in fields like engineering, economics, and data analysis. Global extrema are 
used in determining the best possible outcome in various scenarios, such as minimizing 
costs, maximizing efficiency, or predicting maximum and minimum values in natural 
phenomena. This topic provides the foundation for further studies in multivariable 
calculus, optimization theory, and mathematical modeling, all of which have direct 
applications in real-world problem-solving. 

Applications in Science 
Global extrema play a crucial role in a variety of scientific fields: 

• Engineering: Optimization of resources, structures, and systems often requires 
finding global extrema, such as minimizing material usage while maximizing 
strength. 

• Economics: Global extrema help in determining optimal points for profit 
maximization and cost minimization in production processes. 

• Physics: In mechanics and thermodynamics, global extrema are used to identify 
stable equilibrium points or predict the maximum and minimum energy states. 

• Environmental Science: Models of natural systems, such as predicting peak 
rainfall or temperature extremes, rely on identifying global extrema to understand 
the most critical outcomes. 

Understanding how to find global extrema is an essential tool in making predictions, 
solving complex systems, and optimizing outcomes across a wide range of disciplines. 
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Practical Usefulness 
In practice, the ability to find global extrema is highly valuable in many industries. For 
example: 

• In manufacturing, companies need to optimize production processes by 
minimizing costs and maximizing output, which requires identifying global 
extrema of cost and production functions. 

• Data scientists and statisticians often use optimization techniques to find global 
extrema in models that predict trends or outcomes, such as in machine learning 
algorithms where global extrema help fine-tune models. 

• Urban planners might need to optimize land usage or minimize traffic congestion, 
problems that often involve finding global extrema in geographic or spatial data. 

Module 5: Maxima and minima of functions – short video 
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Module 6: Systems of linear equations 
Topic Description 
In this module, students will explore systems of linear equations through interactive 
visualizations. The main screen displays equations that students input using a tablet 
interface. From this tablet, students can choose from over 60 pre-made examples or 
modify parameters such as variables, equations, and coefficients. Additionally, they have 
the option to randomize the entire system or specific parameters like values for 𝑥, 𝑦, and 
𝑧. Students can also adjust the number of unknowns or equations, providing a flexible 
environment for both beginner and advanced problem-solving. A secondary tablet 
displays matrices, determinants, and the solutions to these systems, offering students 
the opportunity to explore how linear algebra concepts apply to solving systems of 
equations. 

Importance of the Topic 
Systems of linear equations are fundamental in mathematics, providing a foundation for 
much of algebra and higher-level mathematics. Understanding how to solve these 
systems is essential for students as it develops their logical thinking and problem-solving 
abilities. In many real-world problems, relationships between quantities can be 
expressed as systems of equations, making this topic widely applicable. Learning to 
manipulate and solve these systems is crucial not only for pure mathematics but also for 
fields like economics, engineering, computer science, and physics. Furthermore, 
systems of equations are key to understanding more advanced topics like vector spaces, 
linear transformations, and matrix theory. 

Applications in Science 
Systems of linear equations are widely used across many scientific fields: 

• Physics: In classical mechanics, systems of equations are used to solve for 
unknown forces or velocities in problems involving multiple objects and 
interactions. 

• Economics: Linear equations are used to model supply and demand relationships, 
optimize production, and analyze market equilibrium. 

• Engineering: Electrical circuits, structural analysis, and control systems often rely 
on systems of equations to model and solve complex systems. 

• Computer Science: Algorithms for solving systems of equations are essential in 
machine learning, graphics rendering, and solving differential equations in 
numerical simulations. 
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This module highlights the power of linear systems in modeling and solving real-world 
scientific problems, giving students a practical understanding of how mathematics 
applies in various contexts. 

Practical Usefulness 
Mastering systems of linear equations is invaluable for anyone pursuing careers in 
science, technology, engineering, or mathematics. Engineers, for instance, often need to 
solve complex systems of equations to design structures, circuits, or processes. 
Economists use linear systems to optimize production or calculate economic outcomes. 
In data science and machine learning, systems of linear equations are used to solve 
regression problems and optimize algorithms. Architects and urban planners also use 
linear systems to model structural loads or resource distribution. The ability to 
understand and solve these systems is a critical skill that enables students to tackle a 
wide range of analytical challenges in both academia and industry. 

Module 6: Systems of linear equations – short video 
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Module 7: Prisms 
Topic Description 
This module focuses on the geometry of prisms, with a particular emphasis on 
understanding their spatial arrangement within grids. Students will with tasks involving 
grids of prisms and pyramids, visualizing how these solids interact in a structured 
arrangement.  

Importance of the Topic 
Understanding prisms and their sections is fundamental in geometry, as these shapes 
frequently appear in both natural structures and human-made designs. Cross-sections 
reveal the internal structure of these solids, aiding in their analysis and application. This 
knowledge is vital in fields like architecture, engineering, and materials science, where 
precise calculations involving volume, surface area, and structural integrity are crucial. 
By studying grids of these shapes, students gain insight into tiling, packing, and structural 
organization, skills relevant for advanced spatial reasoning and design. 

Applications in Science 
Prisms along with their cross-sections, have numerous scientific and practical 
applications:  

Architecture: Architects use cross-sections of prisms to analyze structural elements in 
buildings and bridges, such as beams or trusses. 

• Engineering: Engineers study how slicing solids reveals stress distribution or 
material properties within components. 

• Geology: Geologists analyze cross-sections of geological formations, many of 
which resemble prisms, to study layers of rock or mineral deposits. 

• Computer Graphics: Cross-sectional data is used in 3D modeling and rendering, 
especially for slicing objects or creating interior views. 

• Mathematics: Understanding sections helps in calculating volumes, surface 
areas, and centroid positions, which are foundational in geometry and calculus. 

Practical Usefulness 
The knowledge gained from this module has direct applications in several fields: 

• Construction: Builders and engineers use cross-sections to calculate the required 
materials and understand the structural integrity of components like beams, 
columns, or roofs. 

• Manufacturing: In production, cross-sections are critical for cutting materials 
accurately and ensuring they fit into larger assemblies. 
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• Urban Planning: Grids of prisms and pyramids help in planning building layouts, 
tiling surfaces, or organizing city blocks in an efficient manner. 

• Education and Visualization: Understanding the geometry of prisms, and their 
cross-sections, is essential for creating educational models or simulations. 

This module provides students with practical insights into geometry that are applicable 
to real-world challenges, fostering both creativity and analytical skills. Through interactive 
visualizations and problem-solving tasks, students gain a deeper understanding of the 
geometric principles that underpin many aspects of modern design and technology. 

Module 7: Prisms– short video 
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Module 8: Pyramids 
Topic Description 
This module focuses on the geometry of pyramids, with a particular emphasis on 
understanding their spatial arrangement within grids. Students will also engage with tasks 
involving grids of pyramids, visualizing how these solids interact in a structured 
arrangement. 

Importance of the Topic 
Understanding pyramids and their sections is fundamental in geometry, as these shapes 
frequently appear in both natural structures and human-made designs. Cross-sections 
reveal the internal structure of these solids, aiding in their analysis and application. This 
knowledge is vital in fields like architecture, engineering, and materials science, where 
precise calculations involving volume, surface area, and structural integrity are crucial. 
By studying grids of these shapes, students gain insight into tiling, packing, and structural 
organization, skills relevant for advanced spatial reasoning and design. 

Applications in Science 
Pyramids, along with their cross-sections, have numerous scientific and practical 
applications: 

• Architecture: Architects use cross-sections of pyramids to analyze structural 
elements in buildings and bridges, such as beams or trusses. 

• Engineering: Engineers study how slicing solids reveals stress distribution or 
material properties within components. 

• Geology: Geologists analyze cross-sections of geological formations, many of 
which resemble prisms or pyramids, to study layers of rock or mineral deposits. 

• Computer Graphics: Cross-sectional data is used in 3D modeling and rendering, 
especially for slicing objects or creating interior views. 

• Mathematics: Understanding sections helps in calculating volumes, surface 
areas, and centroid positions, which are foundational in geometry and calculus. 

Practical Usefulness 
The knowledge gained from this module has direct applications in several fields: 

• Construction: Builders and engineers use cross-sections to calculate the required 
materials and understand the structural integrity of components like beams, 
columns, or roofs. 

• Manufacturing: In production, cross-sections are critical for cutting materials 
accurately and ensuring they fit into larger assemblies. 
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• Urban Planning: Grids of prisms and pyramids help in planning building layouts, 
tiling surfaces, or organizing city blocks in an efficient manner. 

• Education and Visualization: Understanding the geometry and pyramids, and their 
cross-sections, is essential for creating educational models or simulations. 

This module provides students with practical insights into geometry that are applicable 
to real-world challenges, fostering both creativity and analytical skills. Through interactive 
visualizations and problem-solving tasks, students gain a deeper understanding of the 
geometric principles that underpin many aspects of modern design and technology. 

Module 8: Pyramids – short video 

  



17 
 

  
 

Module 9: Planetary system 
Topic Description 
This module introduces students to the mechanics and geometry of planetary systems. 
Students will explore how planets orbit a central star, focusing on the interplay of forces, 
trajectories, and shapes of orbits. Using interactive tools, they will visualize the orbits of 
planets in 3D space and adjust parameters such as orbital radius, eccentricity, and 
velocity. The module emphasizes understanding the basic laws of planetary motion, such 
as those described by Kepler, without delving into overly complex mathematics. Students 
will see how orbits can be elliptical or circular and how gravity governs these motions. 

Importance of the Topic 
Understanding planetary systems is fundamental to astronomy and space science. It 
helps students grasp how celestial objects interact and move in space, providing insights 
into the structure of the solar system and beyond. This knowledge is also essential for 
understanding Earth’s place in the universe and how natural phenomena like seasons, 
tides, and eclipses occur. Additionally, studying planetary systems connects physics, 
mathematics, and geometry, making it a multidisciplinary topic that fosters a deeper 
appreciation of the cosmos. 

Applications in Science 
The study of planetary systems has numerous applications in science, making it an 
essential area of knowledge: 

• Astronomy: Understanding the motion of planets is foundational for studying the 
solar system, discovering exoplanets, and understanding the dynamics of 
galaxies. 

• Climate Science: The geometry of Earth’s orbit around the Sun helps explain 
phenomena like seasons, variations in solar energy, and long-term climate 
changes. 

• Satellite Technology: Modern communication and GPS systems rely on principles 
of planetary motion to place and maintain satellites in orbit. 

This topic connects theoretical knowledge to real-world technologies and scientific 
endeavors. 

Practical Usefulness 
The principles of planetary systems have practical implications that impact our everyday 
lives: 
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• Environmental Science: Understanding Earth’s orbit helps predict climate 
patterns, tidal changes, and solar eclipses, which are vital for environmental and 
disaster planning. 

• Technology and Communication: Satellites orbiting Earth depend on the same 
principles that govern planetary motion, ensuring global connectivity and accurate 
navigation. 

• Education and Awareness: Learning about planetary systems fosters curiosity 
about the universe and inspires future scientists and engineers to explore space. 

Module 9: Planetary system – short video 
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Module 10: Exploring the Solar System 
Topic Description 
This module introduces students to the topic of distance in space travel. Students will 
explore the Solar System by moving between planets using speeds known to mankind: 

• the second cosmic velocity (or escape velocity), 
• the highest speed during the Apollo 11 mission, 
• the speed of the Parker Solar Probe, 
• 1/100 of the speed of light, 
• the speed of light. 

Students will learn how long it will take to travel between planets and how it is affected by 
gravity. The journey from the Sun to the Earth at the speed of light takes over 8 minutes, 
and when we finally see our planet, it disappears in a moment. This shows how small the 
Earth is compared to the distance traveled. 

Importance of the Topic 
Understanding planetary systems is fundamental to astronomy and space science. It 
helps students grasp how celestial objects interact and move in space, providing insights 
into the structure of the solar system and beyond. This knowledge is also essential for 
understanding Earth’s place in the universe. 

Applications in Science 
Research on space travel has numerous applications in science, making it an essential 
area of knowledge: 

• Space Exploration: Orbital mechanics are used to design spacecraft trajectories 
for missions to the Moon, Mars, and beyond. 

• Satellite Technology: Modern communication and GPS systems rely on principles 
of planetary motion to place and maintain satellites in orbit. 

This topic connects theoretical knowledge to real-world technologies and scientific 
endeavors. 

Practical Usefulness 
The principles of planetary systems have practical implications that impact our everyday 
lives: 

• Space Travel: Engineers use the concepts of orbits to calculate efficient 
trajectories for rockets, satellites, and interplanetary probes. 
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• Technology and Communication: Satellites orbiting Earth depend on the same 
principles that govern planetary motion, ensuring global connectivity and accurate 
navigation. 

• Education and Awareness: Learning about space travel fosters curiosity about the 
universe and inspires future scientists and engineers to explore space. 
 

Module 10: Exploring the Solar System – short video 
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Module 11: Geometrical interpretation of partial 
derivatives 
Topic Description 
In this module, students explore the geometrical meaning of partial derivatives in 
multivariable calculus. Directional derivatives represent the rate of change of a function 
in a specified direction, while partial derivatives measure changes along a single axis. 
Through interactive 3D visualizations, students will observe how the slope of a function 
varies depending on direction and position. The module allows students to manipulate 
surfaces and vectors to understand how these derivatives are computed and applied. 
This hands-on approach bridges the gap between abstract mathematical formulas and 
their real-world interpretations. 

Importance of the Topic 
Understanding partial derivatives is essential for analyzing and solving problems in 
multivariable calculus. These concepts are foundational for fields such as physics, 
economics, and engineering, where functions often depend on multiple variables. Partial 
derivatives are critical for optimization, modeling, and interpreting real-world 
phenomena, from fluid dynamics to machine learning. This module gives students a 
visual and intuitive grasp of these derivatives, making complex ideas more accessible. 

Applications in Science 
Partial derivatives have a wide range of applications in science and engineering: 

• Physics: They describe how physical quantities, such as temperature or pressure, 
change in a particular direction within a field. 

• Economics: In optimization problems, partial derivatives identify how a small 
change in one variable (e.g., labor or capital) impacts the output. 

• Engineering: They are used in gradient-based optimization techniques to design 
efficient systems or structures, such as minimizing material costs or maximizing 
strength. 

• Data Science: In machine learning, partial derivatives are crucial for algorithms 
like gradient descent, which optimizes model parameters by iteratively reducing 
errors. 

• Environmental Science: They help model changes in weather patterns or pollutant 
dispersion across geographical regions. 

By visualizing these derivatives, students can better appreciate their power in describing 
and predicting changes in complex systems. 
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Practical Usefulness 
The ability to interpret and calculate partial derivatives has direct practical value: 

• Design and Manufacturing: Engineers use these derivatives to optimize designs, 
such as finding the best slope for a pipeline or minimizing stress in a material. 

• Navigation and Robotics: Robots use directional derivatives to calculate optimal 
paths and avoid obstacles, particularly in environments where terrain or 
conditions vary. 

• Medical Imaging: Partial derivatives help in reconstructing images in techniques 
like CT scans or optimizing radiation doses in cancer treatment. 

• Economics and Business: Analysts use partial derivatives to determine how 
changes in production inputs influence profit or cost functions. 

• Artificial Intelligence: In training AI models, derivatives guide the learning process, 
improving predictions and decision-making over time. 
 

Module 11: Geometrical interpretation of partial derivatives – short 
video 
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Module 12: Spherical coordinates 
Topic Description 
In this module, students will explore the concept of spherical coordinates, a system used 
to describe points in three-dimensional space. Unlike Cartesian coordinates, spherical 
coordinates specify a point’s position using three values: the radial distance (𝑟), the polar 
angle (𝜃), and the azimuthal angle (𝜙). This coordinate system is particularly useful for 
problems involving symmetry around a central point, such as in physics or engineering. 
The module includes interactive visualizations where students can manipulate these 
parameters to see how a point’s position changes in 3D space. Additionally, they will 
practice converting between Cartesian and spherical coordinates and solving problems 
that involve integrating functions over spherical regions. 

Importance of the Topic 
Understanding spherical coordinates is crucial in fields where three-dimensional spatial 
relationships play a central role. This system is used in physics for analyzing electric and 
gravitational fields, in engineering for designing spherical structures or systems, and in 
mathematics for solving complex integrals in 3D. Spherical coordinates simplify 
calculations in problems with radial symmetry, making them indispensable for advanced 
studies in calculus, differential equations, and vector analysis. Mastery of this topic 
enables students to approach real-world problems that require spatial reasoning and 
precision. 

Applications in Science 
Spherical coordinates have a wide range of applications across various scientific 
disciplines: 

• Physics: They are essential for analyzing problems involving spheres or radial 
symmetry, such as calculating gravitational or electric fields around a point source 
or studying celestial mechanics. 

• Astronomy: Spherical coordinates are used to map stars, planets, and other 
celestial objects in 3D space. 

• Engineering: They play a role in designing spherical tanks, domes, or any structure 
with radial symmetry. 

• Mathematics: In multivariable calculus and vector analysis, spherical coordinates 
simplify solving integrals over spherical regions. 

• Geography: Latitude, longitude, and altitude are spherical coordinates used to 
locate positions on Earth. 

This module helps students see the broad applicability of spherical coordinates and their 
value in solving real-world problems. 
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Practical Usefulness 
In practice, spherical coordinates are vital for fields like robotics, where the positioning of 
objects in 3D space is crucial for navigation and manipulation. They are used in medical 
imaging, such as CT scans and MRI, to model and analyze the human body’s structures. 
In computer graphics, spherical coordinates help render spherical objects and simulate 
lighting effects. Geophysicists use them to model seismic waves or study Earth's 
gravitational field. By mastering spherical coordinates, students gain essential tools for 
tackling spatial problems in science, technology, and industry. 

Module 12: Spherical coordinates – short video 
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Module 13: Vectors, operations on vectors 
Topic Description 
This module introduces students to vectors and fundamental operations performed on 
them. Vectors are mathematical objects with both magnitude and direction, making them 
essential tools for describing physical quantities and spatial relationships. Students will 
explore basic vector operations, such as addition, subtraction, scalar multiplication, and 
normalization, and learn how to compute the magnitude of a vector. The module provides 
interactive visualizations where students can manipulate vectors in 2D and 3D spaces, 
observe the effects of operations, and understand their geometric interpretations. 

Importance of the Topic 
Vectors are a cornerstone of mathematics, physics, engineering, and computer science. 
They provide a framework for describing motion, forces, and positions in 
multidimensional spaces. Mastering vector operations is essential for understanding 
more complex topics like vector calculus, linear algebra, and mechanics. By learning how 
vectors work, students gain skills applicable to solving problems in both theoretical and 
practical contexts, from navigation to graphics rendering and machine learning. 

Applications in Science 
Vectors and their operations have broad applications in various scientific fields: 

• Physics: Vectors describe quantities like displacement, velocity, acceleration, and 
force. For example, resolving forces into components requires vector addition and 
scalar multiplication. 

• Engineering: Engineers use vectors to model and analyze stresses, currents, and 
motion in systems like bridges, electrical circuits, or vehicles. 

• Robotics: Vectors are crucial for calculating the motion of robotic arms and the 
navigation of autonomous robots. 

• Computer Graphics: Vectors are fundamental for rendering 3D objects, 
calculating lighting, and simulating physical interactions in video games and 
simulations. 

• Geography: Vectors model wind direction and speed, water currents, and other 
geospatial phenomena. 

These applications show how vectors form the mathematical language for understanding 
and describing the physical world. 

Practical Usefulness 
Vector operations have direct applications in everyday technologies and fields: 
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• Navigation and GPS: Vectors are used to calculate directions, distances, and 
optimal routes for vehicles and ships. 

• Mechanical Design: In manufacturing, vectors help design tools and machines 
that operate with precision. 

• Flight Dynamics: Pilots use vectors to account for wind and calculate course 
corrections to stay on track. 

• Sports Analysis: In sports like soccer or basketball, vectors model player 
movements and ball trajectories to analyze strategies. 

• Data Science and Machine Learning: Vectors represent data points and 
relationships in multi-dimensional spaces, forming the basis for many algorithms. 

Module 13: Vectors, operations on vectors – short video 

 


