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The foundational concepts of
calculus form the bedrock for
understanding more advanced
topics in calculus, such as limits,
derivatives, and integrals. This
section provides an overview of the
essential preliminary topics that
need to be understood before diving
into the core concepts of calculus.

---

1. Functions and Graphs

A function is a relationship between
two sets where each element of the
first set (called the domain) is
associated with exactly one element
of the second set (called the range).
A function is typically written as:

f: X \to Y \quad \text{or} \quad y =
f(x)

Domain: The set of all possible input
values (x-values) for which the
function is defined.

Range: The set of all possible output
values (y-values) that the function
can produce.

Graph of a Function: The graph of a
function is a visual representation of
all the ordered pairs  in the Cartesian
plane.

Examples:

Linear function: 

Quadratic function: 

Trigonometric function: 

---

2. Limits

The concept of a limit is
fundamental in calculus. It describes
the behavior of a function as the
input (x-value) approaches a certain
value. Limits are used to define key
concepts like continuity, derivatives,
and integrals.

Definition of a Limit

Let  be a function. The limit of  as
approaches a number  is denoted
as:

\lim_{x \to a} f(x) = L

This means that as  gets closer to ,
the values of  approach .

Limit Laws

There are several rules that govern
how limits work:

Sum Rule: 

Product Rule: 

Quotient Rule:  (if )

One-Sided Limits

The left-hand limit and the right-
hand limit describe the behavior of a
function as  approaches a point from
the left () or from the right ().

Left-hand limit: 

Right-hand limit: 

If the left-hand limit equals the right-
hand limit, the two-sided limit exists.

---

3. Continuity

A function is said to be continuous
at a point  if three conditions are
satisfied:

1.  is defined.

2.  exists.

3. .

In other words, a function is
continuous at  if the graph of the
function has no jumps, breaks, or
holes at that point.

Types of Discontinuities:

Jump Discontinuity: The function
has a jump at the point .

Infinite Discontinuity: The function
approaches infinity at .

Removable Discontinuity: The
function has a hole at , where the
limit exists but the function is not
defined at that point.

---

4. Properties of Functions

Understanding the properties of
functions helps in analyzing their
behavior and is critical for solving
problems in calculus. Some
important properties include:

Even and Odd Functions

Even Functions: A function is even if
for all  in its domain. Graphically,
even functions are symmetric about
the y-axis.

Odd Functions: A function is odd if
for all  in its domain. Graphically, odd
functions have rotational symmetry
about the origin.

Periodic Functions

A function is periodic if it repeats its
values at regular intervals. The
smallest such interval is called the
period of the function. For example:

 and  are periodic functions with a
period of .

Inverse Functions

If  is a function with a domain  and
range , then an inverse function
exists if:

 is one-to-one (bijective) on .

The inverse function reverses the
roles of inputs and outputs: if , then .

Graphical Interpretation: The graph
of an inverse function is a reflection
of the graph of  across the line .

---

5. Review of Key Algebraic Concepts

Before progressing to calculus, it is
essential to review key algebraic
concepts that will be used
frequently, such as:

Polynomial Functions: Functions
involving sums of powers of  with
constant coefficients. For example, .

Rational Functions: Functions that
are the ratio of two polynomials. For
example, .

Exponential and Logarithmic
Functions: These functions, such as
and , have important properties used
in many calculus applications.

---

6. Summary

The preliminary concepts and
foundations of calculus — including
functions, limits, continuity, and key
algebraic properties — provide the
essential framework for
understanding the more advanced
topics in calculus. Mastery of these
fundamentals ensures that students
can approach the study of
derivatives and integrals with a solid
understanding of how functions
behave and interact.

Understanding limits and continuity
is especially important because they
underpin the definitions of both
derivatives and integrals, the two
core concepts of calculus. Mastery
of these preliminary topics allows
for a smooth transition into the more
challenging and powerful tools of
calculus.Preview from Notesale.co.uk
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