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Commentary
ABOUT THE STUDY

Pascal's triangle is a mathematical concept named after the French
mathematician Blaise Pascal. This triangular arrangement of numbers has
captivated mathematicians for centuries due to its inherent patterns and
remarkable properties. In this article, we will dive into the origins and
construction of Pascal's Triangle and explore its various applications in

algebra, combinatorics, and number theory.
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Origins and construction of Pascal's triangle

Pascal's triangle's origins can be traced back to ancient Chinese mathematics and Indian mathematician
Pingala's work on combinatorial patterns. However, it was Blaise Pascal who brought the triangle into
prominence in Western mathematics during the 17t century. To construct Pascal's triangle, start with a
row containing only the number 1. Each subsequent row is derived by starting and ending with 1, and
filling in the remaining numbers by adding the two above it. For example, the third row would read as 1 2
1, the fourth row as 1 3 3 1, and so on. This construction method is simple, yet the results are highly
intriguing.

Properties of Pascal's triangle

Pascal's triangle exhibits numerous captivating patterns and properties. One of the most apparent
patterns is the line of symmetry that runs vertically through the center. Mirroring the numbers on this line
reveals various symmetries and connections between entries at equal distances. The sum of the
numbers in each row corresponds with the powers of 2. For example, the first row sums to 270, the
second row to 2”1, the third row to 22, and so on. This property demonstrates the relationship between
Pascal's Triangle and the binomial expansion of (a+b)*n. Each number in a row can be used as the
coefficient for a term in the binomial expansion.

By examining the diagonals of Pascal's triangle, we can also observe striking patterns. For instance, the
diagonals are composed of consecutive numbers: The first diagonal consists of natural numbers, the
second of triangular numbers, the third of tetrahedral numbers, and so forth. Additionally, each entry in
the diagonals corresponds with a combination that counts the number of ways to choose elements from
a set.

Applications of Pascal's triangle

The applications of Pascal's triangle extend well beyond its theoretical beauty. One of its most renowned
applications lies in combinatorics, specifically in solving problems related to permutations and
combinations. By utilizing the values in Pascal's triangle, mathematical calculations become significantly
simpler, reducing the time and effort required for problem-solving.

Moreover, the triangle plays a pivotal role in binomial expansions, particularly when raising a binomial
expression to a high power. The coefficients obtained by reading a row of Pascal's triangle directly
represent the coefficients in the expansion, thus allowing mathematicians to avoid tedious multiplication
and simplification.

Pascal's triangle also offers an elegant solution to many probability problems. Take rolling two dice, for
instance. The sum of the numbers on each die creates a row in Pascal's triangle, and each entry in that
row represents the number of ways to obtain that sum. By learning how to read Pascal's triangle
correctly, the desired probabilities can be calculated with ease.

In addition to these applications, Pascal's triangle has found utility in calculus, geometry, and number
theory. It is deeply connected to Fibonacci numbers, as the sum of alternating entries in each row forms

the Fibonacci sequence. It also aids in the study of fractals, illuminating the patterns found in the fractal
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dimension of Sierpinski's triangle. Pascal's triangle plays an important role in mathematics. From its
humble origins to its immense applications, this triangular arrangement of numbers continues to
captivate mathematicians even today. Its symmetries, patterns, and connections to various branches of
mathematics make it an indispensable tool in problem-solving, particularly in combinatorics and number
theory. Pascal's triangle is not only an intellectual curiosity but an essential tool that offers shortcuts,

insights, and a deep appreciation for the beauty and interconnectedness found in the realm of numbers.
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