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			Mathematics and its Philosophical Consequences
	The study of philosophy concerns itself with the foundations of certain things such as knowledge and existence. When one applies philosophy to the study to mathematics through Euclidean geometry, it poses a unique and equally mysterious question. Though one inherently accepts the postulates and axioms when studying proofs of Euclidean geometry, the origin of such truths themselves are unknown and yet to be proven. Thus, this question sparked the timeless controversy over the origin of such geometrical truths in the human mind. Starting from the Greeks until the eighteenth century, Euclidean geometry was regarded as a distinctive source of absolute truth independent of experience. However, this belief was proven false thanks to the invention of Non-Euclidean geometry and the disproval of Euclidean geometry as the sole source of truth. As a result, the foundation on which mathematics was placed upon was shattered and is still a mystery to today. Thus, today one must look inside themselves to find the source of what mathematics means to them and its importance. 							The first application of philosophy towards the study of mathematics was in Classical Greece. For the Greeks, the philosophy of mathematics embodied itself in the form of geometry. The most outright figure in the connection between philosophy and mathematics (geometry) was Plato.  Plato found qualities in geometry that matched the goal of what he was trying to find throughout his study of philosophy; that is, that geometry pertained truths which were certain and free from opinion and experience. An example of the certain truths found within geometry can be seen in the Plato’s book the Meno. The plotline consists of a dialogue between Socrates and a slave boy, in which the boy discovers the geometrical problem “that the area of the large square is twice that of the square ABCD, whose diagonal is the side of the large square”. The dialogue poses the question of the root of this boy’s knowledge. An irony exists in that he slave boy, who presumably lacked any understanding of geometrical properties, was able to discover that the large square was twice the size of the smaller square. For Plato, the answer to this irony lies in the fact that geometry is an illustration of “true knowledge” that manifested itself from “recollection before birth”. Geometry contained truths which could not be learned through “education” or “experience” and aided in the understanding of the physical world.			Similar to Plato, rationalist philosophers of the Renaissance believed that reason fueled our knowledge of the pure truths laid out in Euclidean geometry. Rationalist philosophers such as Spinoza, Descartes, and Leibnitz viewed reason as a device for knowledge that was inherent in all human minds. They believed that in this inbuilt device, stemmed our knowledge of truth that is a priori (knowledge independent of observation), as seen in geometry. As a rationalist philosopher, the world can be seen as a hotbed of the non-ideal. For example, the book states that, though probable, it is not certain that “the sun will rise tomorrow”. Thus this circumstance can be seen as non-ideal. Though our world is filled with the non-ideal, the rationalist philosophers believed there was one exception; Euclidean geometry. Euclidean geometry was the representation of the ideal for rationalist philosophers. For example, the philosopher Spinoza would argue that it is impossible not to say that “the angle sum in a triangle equals a straight angle”. In that sense, Euclidean geometry contained knowledge of “ideal forms” which, according to rationalist philosophers, were inherent to us through reason alone. 			The rationalist philosophy, though, soon became challenged in the form of philosophy called empiricism; which attained that our knowledge of the non-ideal stems from observation. Empiricism was given rise due to the progression of science and using experimentation to understand its properties. When one does and experiment, its outcome brings about new knowledge, which empiricists would claim as the method for attaining knowledge. However, the theory of empiricism only stretched in as far as non-ideal knowledge and not mathematical knowledge. The narrowness of empiricism stems from the fact that its knowledge stems from a non-ideal source and does not contain ideal truth. That is, when one performs and experiment, its foundation lies in actual matter and not pure thought and its outcome is open to opinion. Thus, mathematical knowledge, specifically Euclidean geometry, could not be accounted for because its knowledge was believed to stem from true knowledge and its outcomes were “independent of sense perception”. Thus, geometry posed a barrier for the acceptance of empiricism because its theory, unlike rationalism, could not apply to the real truth found within geometry. However, the development of empiricism did produce some effects on mathematical philosophy in that it imposed the question of whether reason or our senses allow us to find properties which could explain the physical world.  									Emmanuel Kant, an eighteenth century philosopher, attempted combine the both the rationalist and empiricist belief. Similar to Plato, Kant’s main concentration of his philosophical studies were areas of pure truth free from opinion. To understand such a concentration, Kant believed there should be a distinction made between the “noumena” and the “phenomena”. In other words, Kant created a division between what he calls “the things themselves”, which fall under rationalism, and knowledge through observation of appearances, which lie under empiricism. This difference is most clearly seen in Kant’s list of the two separate types of a priori knowledge. The first type being “analytic a priori”, which bases itself on logic. That is, our use of logic leads us to find answers which themselves are independent of opinion. The second being “synthetic a priori”, which are truths that manifest themselves inherently in the human mind. To Kant, the properties of “synthetic a priori” can be found both in time and space. Because time is arranged by arithmetic, it is considered an inherent human knowledge since our knowledge of arithmetic lies in our natural understanding of “succession”. Space may also be considered “synthetic a priori” because its knowledge is arranged through Euclidean geometry. Euclidean geometry, the only true geometry according to Kant, contains certain truth and resides intrinsically in our human minds. Consequently, because of its geometrical implications, space is also considered an example of “synthetic a priori”. Kant’s beliefs of a priori knowledge remained a staple in mathematical philosophy until till the twentieth century. Then a new knowledge surfaced on the scene that would ultimately disprove Kant’s beliefs, shake the mathematical world, and shatter its previously believed foundations. 						The creation of non-Euclidean geometry, a geometry which differs than that of Euclid’s version, shattered the beliefs of Plato and Kant. The conviction that only Euclidean geometry provided a source of real truth was proven false by non-Euclidean geometry. The creation of non-Euclidean geometry illustrated that more than one geometry could exist and thus Euclidean geometry was not a perfect or sole description of physical space. Euclidean geometry up to this point had been regarded as the foundation of math and a source of pure truth. With the creation of non-Euclidean geometry, the mathematical world was shaken and confused about the actual essence of mathematics. Moreover, there existed an uncertainty about our physical world because non-Euclidean geometry revealed that Euclidean geometry was not a desirable description to the physical world. Thus, both of these immense uncertainties created by the invention of non-Euclidean geometry needed answers. Throughout the late nineteenth and twentieth century’s mathematicians sought to resolve the foundations of mathematics. Theories such as set theory and philosophies such as logicism, constructivism, and formalism evolved in order to find the origin of mathematics. Though theories such as logicism and formalism did in fact find certainties within mathematics, they did not attain the once believed notion that mathematics, such as geometry, was a source of unquestionable truth. 			Despite the disappointment of mathematics lacking a certain divine unquestionable truth, I find that mathematics actually does serve a purpose. Even if mathematics simply stems from logical sources, there still exist certain characteristics of the subject matter that apply to the real world. Many study mathematics merely because of their fascination with the subject matter, while I enjoy mathematics and find its importance through its deductive qualities that translate to real world situation. Thus, though the foundation of mathematics may be unknown and its properties may not be as grand as previously thought, there still lies an intriguing aspect within mathematics that applies to many problems found within the real world.  









