Groups - Cyclic groups-
In abstract algebra, a group is a mathematical structure consisting of a set of elements along with a binary operation that satisfies certain properties. A cyclic group is a specific type of group that is generated by a single element.
Here's a detailed explanation of cyclic groups:
1. Definition: A group G is called cyclic if there exists an element "g" in G such that every element of G can be obtained by repeatedly applying the group operation to "g" and its powers. The element "g" is called a generator or a cyclic generator of the group.
2. Generator: In a cyclic group, every element is a power of the generator. For example, if "g" is a generator of the group G, then "g^k" represents an element of G for any integer k. The powers of "g" can be positive, negative, or zero.
3. Finite and Infinite Cyclic Groups: Cyclic groups can be either finite or infinite. A cyclic group is finite if it has a finite number of elements, and infinite if it has an infinite number of elements.
4. Notation: Cyclic groups are often denoted as ⟨g⟩, where "g" is the generator. The angle brackets ⟨⟩ indicate the subgroup generated by "g". For example, ⟨g⟩ represents the cyclic group generated by "g".
5. Order: The order of a cyclic group is the number of elements it contains. In a finite cyclic group ⟨g⟩, the order is equal to the smallest positive integer "n" such that g^n = e (the identity element). The order of a finite cyclic group is always finite.
6. Properties: Cyclic groups have several notable properties:
· Closure: The group operation applied to any two elements of a cyclic group results in another element of the group. Cyclic groups are closed under the group operation.
· Associativity: The group operation in a cyclic group is associative. That is, for any three elements "a", "b", and "c" in the group, (a * b) * c = a * (b * c).
· Identity Element: Cyclic groups have an identity element (often denoted as "e") that acts as a neutral element under the group operation.
· Inverses: Every non-identity element in a cyclic group has an inverse that, when multiplied with the element, yields the identity element.
7. Examples: Some examples of cyclic groups include:
· The additive group of integers (Z, +) is a cyclic group generated by 1 or -1.
· The multiplicative group of non-zero complex numbers (C{0}, ×) is a cyclic group generated by any complex number of magnitude 1.
· The cyclic group of integers modulo "n" (Z/nZ, +) is a finite cyclic group.
Cyclic groups are important in abstract algebra as they provide a simple and well-understood structure. They serve as foundational examples in the study of group theory and have applications in various areas of mathematics, including number theory, cryptography, and algebraic geometry.

