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Indices (Exponents)

Indices, also known as exponents or powers, are mathematical expressions
that represent repeated multiplication of a number by itself a certain number
of times. Understanding indices is fundamental in algebra and arithmetic, and
they have wide-ranging applications in various fields of mathematics and
science.

Basic Concepts:

Definition: An index or exponent represents the number of times a base
number is multiplied by itself. In the expression ", _—is the base and

(7is the exponent or index.

Notation: Indices are often denoted using superscript numbers. For example,
2_>represents _— squared or _— raised to the power of 2.

Basic Operations:

. Multiplication: When multiplying powers with the same base,
you add the exponents: X = + _—uxX_—=_ o

. Division: When dividing powers with the same base, you
subtract the exponents: = — g w=—w0o

. Exponentiation: When raising a power to another power, you
multiply the exponents: () = ()=

Laws of Indices:

ProductRule: x = + _—ox_—~= o
Quotient Rule: = — _ g im0
PowerRule:( )= () =—u

Zero Exponent Rule: 0=1_-=1 (except when =0_-=0)

Negative Exponent Rule: — =1 _— =
Fractional ExponentRule: = o= _—0
Examples:

2323 means 22 cubed or 2x2x2=82x2x2=8.
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100100 is equal to 11 (by the zero exponent rule).
3-23- is equal to 132=19:21=91.
(23)2=23%2=26=64(23)2=232=26=64.

Applications:

Scientific Notation: In science and engineering, indices are used to
express very large or very small numbers in a compact and convenient form.

Exponential Growth and Decay: Indices are used to model
exponential growth and decay phenomena in fields such as biology, finance,
and population studies.

Complex Numbers: In mathematics, indices are used to define and
manipulate complex numbers, where the imaginary unit — is raised to
various powers.

Conclusion:

Indices play a fundamental role in mathematics, providing a concise notation
for representing repeated multiplication. Understanding the laws of indices
and their applications is essential in algebra, calculus, and many other
branches of mathematics and science. By mastering the concepts and
operations related to indices, mathematicians and scientists can solve complex
problems and model real-world phenomena with precision and efficiency.
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