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Rubber sheet geometry example

Topology is an area of mathematics that studies how space is organized and how positional structures are in place. It also studies how spaces are connected. It is divided into al services topology, differential topology, and geometric topology. Mobius strips, surfaces with only one side and one edge. Such shapes are the subject of topology research. Topology is called rubber sheet
geometry. In a two-dimensional topology, there is no difference between circles and squares. Circles made of rubber bands can be stretched into squares. There is a difference between circles and Figure 8. FIG. 8 cannot be extended into a circle unless torn. The space studied in the topology is called the topology space. They differ from the familiar baricodies to some very exotic
structures. Natural origin In many problems, large spaces are often parted into small areas. For example, a house is cut into rooms, a state is a state, and a quantity type is a number. These small areas (rooms, states, numbers) are located next to other small areas (other rooms/states/numbers). The place where the area meets is the connection. If we write down a list of spaces
on paper and the connections between them, we wrote down a description of the space - topological space. All topological spaces have the same properties, such as connections, and consist of the same structure (a list of small areas). This makes it easy to see how the space works. It also make it easier to write algorithms. For example, to program a robot to navigate a house,
simply give it a list of rooms, a connection between each room (door), and an algorithm that allows you to examine the rooms that pass through to reach the other rooms. You can go further by creating a parcel split of the space. For example, a country divided into states is divided into counties and divided into city boundaries. All this information can be described using the
topology. Related page Knot Theory This short article on mathematics can be lengthy. You can help Wikipedia by adding it. 1996-2014© What happens if Amazon.com or its affiliates write and draw using rubber sheets instead of paper? For example, examine the image below. If someone grabs and pulls the left and right sides of this photo, be careful how the image distorts from
its original state. Now, let's crush the poor fish. I just don't want to tear this image apart, I just want to distort it. It can be easily discussed and the image above can be correct that they are different in many ways, but the fact remains that they are still fish! Topology handles how surfaces are realized.Bending, pulling, or deforming. Toprogists are interested in properties that do not
change after all these conversions have been made. A new way to see things. When I learned topology as an undergraduate, I always found it difficult to answer inevitable questions from family and friends. Every time, I would give them a slightly different answer, but I was not really happy with any of the explanations. If you ever have a Google topology, you'll definitely have come
across an animation of a morphing doughnut in a coffee mug. Most of the explanations I gave included something related to this animation. How are donuts and coffee mugs the same in topology, and how spheres and cubes are the same? However, such an answer does not tell anyone what the topology really is, what is actually involved in dealing with the topology, and why it is
a valuable pursuit. Well-known coffee mug doughnut animation. Source: Wikimedia Commons Taking a general topology department may struggle to associate what you've learned with the familiar doughnut coffee mug animation. The purpose of this essay is to establish a basic concept of general topology and to show how this concept relates to this familiar animation and other
geometric ideas. Now let's see why it's actually helpful and interesting to think that doughnuts and coffee mugs are the same thing. In general, what many people, myself included, struggle with is trying to understand exactly how abstract areas of mathematics can actually have real-world applications. Once you understand the topological thinking, you'll probably have an
unexpected look at how the concept and topology are related to real-world concepts. Before we get into this, let's take a look at the most basic concepts of topology. This is the definition you will face when opening topology textbooks or taking introductory topology courses. Topological space Topological space is a set of mathematical objects with the most basic form of possible
structure. When we talk about the structure of mathematics, we often mean that we have the ability to add mathematical objects together, multiplie them, and determine how far apart the objects are from each other. Obviously, we can do all of these with the numbers we encounter every day. However, the structure of topological space is more fundamental than the idea of
addition, multiplication, and distance. In fact, the space we have these things in is a specific case of topological space. It means that real numbers are actually very special cases of topological space. The structure of a topology space is called the topology of space. All topologies are a subset of a set of mathematical objects called an open set of spaces. Specific sets included
inTopology defines the structure of space. This may seem very vague and abstract, but that's because it is. It is the most abstract form of structure that we have in mathematics. You don't need to fully understand this definition, note that the topology and its internal open set somehow determine the structure of the space. It is also important to remember that topological space
differs from another topology space in the set that you choose to place in the topology of the space. Below, we've given you a more formal definition of topological space if you're interested, but you certainly don't need to read it. So how does this work with donuts and coffee mugs? Remembering that topology defines the structure of space, it is a topology that keeps the spheres
together. The topology can be imagined as preventing all points from falling to the ground, and the sphere will be a single object, not only with two hemispheres pressed against each other. Now let's say you have other topological spaces visualized as the following objects: Figure 2: Assuming that the sphere on the ellipsoid (Figure 1) is made of play fabric, you can easily stretch
the sphere to this other object (Figure 2). Being able to do this with a three-dimensional object means that these two objects are topologically the same. This may seem strange, but what is the difference between these two shapes? Topologically, the objects are exactly the same. We can stretch the spheres of the play fabric into strange shapes that we can imagine, but all of these
shapes are exactly the same shape as the eyes of the topology. Well, maybe not all shapes imaginable, there are some rules on how we can stretch our play fabric: we are not allowed to rip holes in our play fabric. Or take two points of play fabric and merge them together (you can't make a doughnut shape); if you violate these rules in stretching, our two objects are no longer
topological. Topisto calls this stretch without breaking our established rules, and homeomorphism is a mathematical way of describing how we mold our play fabric into the same topology shape. Therefore, if you can come up with homeomorphism between two topological spaces, these spaces have the same topology. Coffee mugs and donut animations will appear. We came up
with a topological space to describe the doughnut, and then ourIt is made of play dough and stretches it into a coffee mug without breaking our rules. So, in topology, coffee mugs and doughnuts are the same thing, topologically. Figure 3. Not particularly delicious donuts Why aren't spheres donuts? Now that you know how to see if two objects in your topology are the same, let's
see if the two objects are topologically different. Topological space has a variety of properties that can distinguish them. For three-dimensional objects, such as spheres and donuts, the main point that can be used to distinguish objects is the number of holes. Two objects are topologically different if one object has more holes than the other. This is because they break our
previously established rules to stretch our play fabric. To make a hole, you need to make a hole in the play dough or wrap the play dough in the shape of a doughnut and match both ends. Figure 4. We can mold spheres of play fabric into the shape of donuts, but edges cannot be merged together without breaking the rules. The faces of the two circles, seen in the form of
macaroni, still exist when bent into doughnuts. Another common way to topologically distinguish three-dimensional objects is to imagine walking on them. For example, consider walking a sphere. Start at a certain point and walk around a large circle of spheres. After reaching the same point again, rotate 90 degrees in either direction and walk around another large circle. During this
second walk around the sphere, cross the first pass. This happens when you do this at any point on the sphere. Figure 5.Sphere with two intersecting paths This phenomenon occurs on a three-dimensional object that is topologically the same as the sphere. However, for some objects that are not topologically the same as the sphere, there is a way to do this without going beyond
the first path. One of the specific objects for which this works is a doughnut: Blue and green paths begin to meet, follow the blue path, follow the green path and we can walk without crossing the place we have already walked. There are various properties that are kept topologically between the same objects but not necessarily stored between topologically different objects. These
topology properties are the primary tools used to determine whether two objects are different. Other topology objects Previously, we only talked about topology spaces that can be visualized in three dimensions, but the good thing about topology is that you can easily describe objects that exist in four or five or more dimensions using the same tools. One such object that often
appears in topology is the YouTube channel Number Fill (or Clifford Stoll!). If you're a fan of, you'll definitely have seen: klein bottle representation.Spatial Strictly speaking, you can't actually observe a true Klein bottle in three-dimensional space, but by allowing it to intersect with itself, you know what its characteristics are. In four-dimensional space, this object does not actually
intersect itself. It's hard to imagine, but it bends in four dimensions and connects to yourself. The Klein bottle may appear to have the inside and outside, but you can trace the continuous path from a specific point going along the outside and inside of the Klein bottle and return to the original point — the 3D representation is topologically the same surface. For this reason, klein
bottles do not have volume. But the interesting thing about Klein Bottle's path is that if you walk along the path above, when you return to the original point, you will actually become a mirror image of yourself. This is the topological characteristic of an object that is topologically equivalent (or homeomorphic) to a Klein bottle. So obviously the Klein bottle won't be a mirror image of
ourselves when we get back to the starting point, even if we walk on a sphere or doughnut. If objects have this property, they are called omnidirectional. Klein bottles are non-orientable and spheres and donuts can be used as orienteer. Another famous non-directional surface is the Mobius strip. This object can be easily made with strips of paper and there are a lot of online
tutorials on how to do this. When the crab roams around the Mobius strip and returns to its original position, it is a mirror image of itself. Source: Wikimedia Commons Mobius Strip is not Oriental, but not topologically equivalent to a Klein bottle, but it is essential for its construction. The Klein bottle is actually built by gluing the ends of the two Mobius strips together, and it is actually
impossible to try this in three-dimensional space (you can try it). A more practical idea of the topology of objects that are difficult to visualize in a three-dimensional space (such as a klein bottle) building doughnuts from sheets of paper is to consider their adhesion diagrams. An adhesive diagram provides instructions on how to build an object with a specific topology. This structure
works by stretching and gluing the edges of a 2D shape. Before you consider an adhesive diagram for a complex shape, consider a simpler shape glue diagram. Donuts: Figure 7. Imagine a square in a doughnut glued diagram diagram, and the square in the figure is made of play fabric. Next, you want to stretch the square to glue or glue the opposite edge. If you want to glue
these edges together, the arrows must point in the same direction. So stretch the image above as follows: Figure 8: How to create a doughnut from an adhesive diagram The following illustration is similar to Figure 7 except that the two red arrows are in the opposite direction.This means that before gluing edges, you must turn the object so that the arrows point in the same
direction. More complex adhesion diagram The first step in the glue diagram above is to stretch the square so that the two blue lines intersect, and build the cylinder just like the first step to build a doughnut. Except now, the two red arrows point in opposite directions to each other, while the red arrows on the donut glue were pointing in the same direction. This means that one end
of the cylinder must somehow be twisted and glued together so that the arrows are pointing in the same direction. As you can imagine, this is physically impossible. Therefore, the surface resulting from this bonded diagram is also physically impossible. In fact, it's a physically impossible surface we've already seen, the Klein bottle!Source: TumblrGluing The Forriest Series in the
diagram is an easy way to see if an object is orientationable. We can imagine that walking on an adhesive diagram works just like how the Pac-Man world works. When Pac-Man reaches one side of the world, he appears to come out the other side. Imagining Pac-Man moving over the glue diagram, when he enters one side, he emerges from the other side of the same color and
an arrow determines his direction. When pac-man enters the right side of the torus adhesive diagram, it appears unchanged from the left side. This is how the normal Pac-Man world topology works. Figure 10: Pac-Man walks on a torus and considers whether pac-man entered the right side of the Klein bottle adhesive diagram. The Pac-Man will then come out from the left as a
vertical flip of its own: Figure 11: Pac-Man's adhesion diagram walking on top of the Klein bottle makes it easy to consider the topological properties of objects that would otherwise be difficult to work with. Why is topology useful? A new area of research in statistics is topological data analysis. Useful data has some structure in the form of patterns and trends, and data analysis is
essentially the process of revealing this structure. Finding a structure in your data often depends on how you want to display it, which statistical tests are being used, the variables you compare to other variables, and the visual representation you use. From a topology perspective, we know that completely different things can actually have the same structure. This idea applies to
data, so even if you're always dealing with the same data, the data may vary completely depending on how the data is displayed. In topological data analysis, the structure of the data is treated topologically. We know that topological properties are specific features of objects that are stored through the same object topologically. Therefore, when you perform topology data analysis,
you search for specific properties that persist in the following locations:After seeing it in different ways. This is similar to stretching data like a play fabric. This allows you to identify the actual structure of the data and distinguish its dependence on how the data is observed. This is just one of many applications in the so-called real world topology. Other applications in the topology
include determineing whether something that looks different is actually the same. This is very important in situations where different people may choose to express the same information in different ways. Some examples of things with various different representations include molecular structures, geographical maps, DNA structures and knots of ropes or strings. It may be hard to
see at first, but topology is the basis for most areas of mathematics. Defining exactly how topology is used is very difficult because it is steeped in the mechanics of mathematics, so we often don't even realize we're using it. Only relatively recently have topologies been independently examined and studied in other areas of mathematics, and new research and applications of
topology continue to be born. After EpilocueI reads this, I hope you can understand that donuts and coffee mugs are the same. If you're interested in delving deeper into the topology, here are some recommended sources: Disclaimer: All the graphics in this story without sources were created using Wolfram Mathematica. I'm so glad you read!
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