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Understanding limits and points of discontinuity forms a fundamental part of
calculus, essential for analyzing the behavior of functions. When dealing
with complex algebraic expressions, especially rational functions,
identifying where a function is discontinuous helps mathematicians and
students alike in graphing functions accurately and understanding their
behavior near critical points. This article offers a comprehensive guide to
understanding the limit process, evaluating specific functions, and
determining points of discontinuity—an essential skill in calculus and
advanced mathematics.

Understanding Limits in Calculus

Limits describe the value that a function approaches as the input approaches
a specific point. Formally, the limit of a function f(x) as x approaches a
point a is written as:

lim,, f(x)

This concept is foundational for defining derivatives, integrals, and
continuity. When evaluating limits, especially for rational functions, it's
important to consider whether the function behaves normally around the point
or if there are any irregularities such as vertical asymptotes or holes.

Evaluating the Given Expression: Lim, 5-4x 5x
3x + 6x - 4

Interpreting the Expression

The expression provided-"Lim, 5-4x 5x 3x + 6x - 4"—appears to be a
combination of algebraic terms, possibly indicating a limit of a polynomial
or rational function. For clarity, it's essential to interpret and rewrite
the expression properly.



Assuming the intended expression is:
lim, (5 - 4x + 5x™3 + 6x - 4)

which simplifies to:

lim., (5 - 4x + 5x™3 + 6x - 4)

or combined as:

lim,, (5x™3 + ( - 4x + 6x ) + (5 - 4))
leading to:

lim,, (5x”3 + 2x + 1)

This cubic polynomial is continuous everywhere, so the limit as x approaches
any real number a is simply the function value at that point.

Alternatively, if the original expression was intended to be a rational
function, such as:

lim,., (5 - 4x) / (5x”3 + 6x - 4)

then special attention is needed to evaluate the limit, especially where the
denominator becomes zero.

Calculating Limits of Polynomials and Rational
Functions

* Polynomials: Continuous everywhere; limits are straightforward: lim,,
f(x) = f(a).

e Rational functions: Continuous wherever the denominator = 0. At points
where the denominator is zero, limits may not exist or may approach
infinity.



Determining Points of Discontinuity

What Are Points of Discontinuity?

Points of discontinuity are specific x-values where a function is not
continuous. These points typically occur when the function is undefined or
exhibits a "break" in its graph. Discontinuities are classified as:

1. Removable Discontinuities: The function is undefined at a point, but the
limit exists. Often, these can be "fixed" by redefining the function at
that point.

2. Non-Removable Discontinuities: The limit does not exist or is infinite,
such as vertical asymptotes.

Steps to Find Discontinuities

1. Identify the domain: Find all x-values where the function is defined.

2. Locate points where the denominator equals zero: For rational functions,
these are potential discontinuities.

3. Check for removable discontinuities: Simplify the function to see if the
discontinuity can be "removed."

4. Evaluate limits: Determine the behavior of the function approaching the
critical points.

Application: Discontinuity in Rational
Functions

Example 1: Function f(x) = (5 - 4x) / (5x"3 + 6x -
4)

To find the points of discontinuity:



1. Factor the denominator if possible:

Factor 5x™3 + 6x - 4:

e Attempt to factor out common terms or use rational root theorem.

e Test possible rational roots: factors of 4 over factors of 5, i.e., %1,
+2, 4, *1/5, *2/5, *4/5.

Testing x = 1:

5(1)")3 +6(1) -4=5+6-4=7=0

Testing x = -1:

5(-1)"3 + 6(-1) - 4=-5-6 -4 =-15 % 0

Il
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Testing x

5(8) + 12 - 4 =40 + 12 - 4 = 48 2 0

-2

Testing x

40 - 12 - 4 = -56 = 0

Testing x = 1/5:

5(1/125) + 6(1/5) - 4 =0.04 + 1.2 - 4 # 0

Since no rational roots satisfy the equation, the denominator doesn't factor
nicely over rationals, but the key point is that the denominator equals zero
at particular x-values that can be found numerically or graphically.

Therefore, the points where the denominator equals zero are potential points
of discontinuity. These are the x-values where the function is undefined.



Summary of Discontinuity Points

Find the zeros of the denominator.

For each zero, check whether the numerator also zeroes out at that point.
If the numerator also zeroes, the discontinuity might be removable.

- If not, the discontinuity is non-removable, typically an asymptote.

Summary and Practical Tips for Students

Always analyze the domain of the function before evaluating limits.

Factor the numerator and denominator to simplify rational functions.

Use 1limits to confirm whether discontinuities are removable or not.

Remember that polynomials are continuous everywhere, so their limits at
any point are just their function values.

Vertical asymptotes occur where the denominator approaches zero, and the
numerator does not cancel out.

Additional Examples and Practice Problems

Example 2: Find the limit as x approaches 2 for f(x)
= (x*2 - 4) / (x - 2)

- Factor numerator: (x - 2)(x + 2)
- Simplify: (x - 2)(x + 2) / (x - 2)
- Cancel (x - 2): limit as x-2 of (x + 2) = 4

Conclusion: There is a removable discontinuity at x = 2, which can be "fixed"
by redefining f(2) = 4.

Practice Problenm:

- Find the points of discontinuity for f(x) = (3x®2 - 9) / (x*2 - 9).

Solution Steps:



Factor numerator and denominator.

Find zeros of denominator.

Simplify the function.

Determine whether discontinuities are removable.
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Conclusion

Understanding how to evaluate limits and identify points of discontinuity is
essential for mastering calculus. Discontinuities provide insight into the
behavior of functions, especially near critical points. Whether dealing with
polynomials, rational functions, or more complex expressions, following
systematic steps—factoring, simplifying, and analyzing limits—can help you
accurately determine where functions are discontinuous and understand their
behavior comprehensively. Regular practice with diverse functions will build
confidence and deepen your understanding of these fundamental concepts in
calculus.

Frequently Asked Questions

What is the simplified form of the function Lim, 5 -
4x + 5x + 3x + 6x - 4 as x approaches a specific
value?

First, combine like terms: -4x + 5x + 3 x + 6x = ( -4 + 5 + 3 + 6 )x = 10x.
The constant terms are 5 and -4, which sum to 1. So, the simplified function
is 10x + 1.

How do you determine the point(s) of discontinuity
for a rational function?

Discontinuities occur where the denominator equals zero. To find them, set
the denominator equal to zero and solve for x. These points are potential
discontinuities, which may be removable or non-removable depending on the
numerator's value at those points.

Given the function f(x) = (5 - 4x + 5x + 3x + 6x -
4), how do you evaluate its limit as x approaches a
specific point?

Simplify the function first to 10x + 1. Then, substitute the value of x
approaching the point into the simplified expression to find the limit. For
example, as x approaches a, the limit is 10a + 1.



How many points of discontinuity can a polynomial
function like the one given have?

Polynomials are continuous everywhere; thus, they have no points of
discontinuity. However, if the function were a rational function with a
denominator involving x, discontinuities would occur where the denominator is
zero.

Why is it important to simplify functions before
determining their limits and points of
discontinuity?

Simplifying functions reduces complexity and helps identify potential
discontinuities, especially removable ones. It ensures accurate calculation
of limits and clarifies whether the function is continuous at specific
points.

Additional Resources

Lim, 5-4x 5x 3x + 6x - 4 [3 Marks] 2. Determine The Point/s Of Discontinuity
For The Following Functions.

Understanding Limits and Their Significance in
Calculus

In the realm of calculus, the concept of a limit is foundational. It allows
mathematicians and students alike to understand the behavior of a function as
the input approaches a particular value. When analyzing complex functions or
polynomial expressions, limits serve as the analytical lens through which we
interpret continuity, differentiability, and the function's overall behavior
near critical points.

At its core, a limit examines what value a function approaches as the input
gets arbitrarily close to some point, without necessarily being at that
point. This idea is pivotal for defining derivatives and integrals, and it
underpins many advanced mathematical analyses.

In the context of the problem titled "Lim, 5-4x 5x 3x + 6x - 4 [3 Marks] 2.
Determine The Point/s Of Discontinuity For The Following Functions," the
focus is on evaluating limits to identify points where the function may not
be well-behaved-i.e., points of discontinuity.



Deciphering the Function: Clarifying the
Expression

The original expression appears to be a bit ambiguous or possibly miswritten.
Given the notation, it seems to involve polynomial terms with variables and
coefficients, along with a mention of limits and discontinuities.

The notation provided is:

> Lim, 5-4x 5x 3x + 6x - 4 [3 Marks] 2. Determine The Point/s Of
Discontinuity For The Following Functions.

Breaking this down, the core focus is the limit as x approaches a certain
point (probably specified in the original question), involving an expression
that likely resembles a polynomial or rational function.

A plausible interpretation of the function is:
\[ f(x) =5 - 4x + 5x + 3x + 6x - 4 \]

which simplifies to a polynomial expression. Alternatively, the mention of
"Limit" indicates the need to evaluate \(\lim {x \to c} f(x)\), to determine
whether the function is continuous at that point or has a discontinuity.

Given the notation and typical calculus problems, the most reasonable
assumption is that the function is a polynomial:

\ [
f(x) =5 - 4x + 5x + 3x + 6X - 4
\1

which simplifies to:

\ [
f(x)
\]
\ [
f(x)
\]
\ [
f(x)
\]

(5 - 4) + (-4x + 5x + 3X + 6x)

1+ ( -4x + 5x + 3x + 6X )

1+ ( -4x + 5x + 3x + 6Xx )

Calculating the sum of the x-terms:

\ [
-4x + 5x = X
\1
\ [



X + 3X = 4X
\1

\ [

4x + 6Xx = 10x
\1

Therefore,

\ [
f(x) =1+ 10x
\1]

This simplified linear function offers a straightforward pathway to analyze
limits and points of discontinuity.

Evaluating Limits and Identifying Continuity

Fundamentals of Limit Calculation

To analyze the function's behavior, especially near specific points,
calculating the limit as \(x\) approaches a value \(c\) is essential. For
polynomials like \(f(x) = 1 + 10x\), the limit as \(x \to c\) is simply:

\ [
\lim {x \to c} f(x) =1 + 10c
\1

since polynomial functions are continuous everywhere, their limits at any
point are equal to the function's value at that point.

Points of Discontinuity: When and Why They Occur

Discontinuities in functions are points where the function fails to be
continuous. For polynomial functions, which are smooth and continuous
everywhere, the primary concern is whether the function is defined at the
point, and whether the limit exists and equals the function value at that
point.

Common types of discontinuities include:
- Removable Discontinuities: Where the limit exists, but the function is not

defined or not equal to the limit at that point.
- Jump Discontinuities: Where the left and right limits exist but are not



equal.
- Infinite Discontinuities: Where the function approaches infinity as \(x\)
approaches the point.

Given the simplified function \(f(x) = 1 + 10x\), which is a polynomial, the
function is continuous everywhere, and thus has no points of discontinuity.

Application: Determining Discontinuities for
the Given Function

Assuming the original function is indeed the polynomial \(f(x) = 1 + 10x\),
we can confidently state:

- The function is continuous at every real number \(x\).
- Therefore, there are no points of discontinuity in this particular case.

However, if the original expression was intended differently—say, a rational
function involving a denominator that could be zero at specific points—the
analysis would be more nuanced.

Handling More Complex Functions: Rational and
Piecewise Functions

In many calculus problems, functions are not always polynomial. They can
involve fractions, absolute values, or piecewise definitions, all of which
introduce potential points of discontinuity.

Rational Functions

For functions of the form:

\ [
f(x) = \frac{P(x)}{Q(x)}
\]

where \(P(x)\) and \(Q(x)\) are polynomials, discontinuities occur at points
where \(Q(x) = 0\). To identify points of discontinuity:

1. Solve \(Q(x) = 0\).



2. Check whether the numerator \(P(x)\) also equals zero at these points
(which might lead to removable discontinuities).
3. Determine whether the limit exists at these points.

Piecewise Functions

Piecewise functions are defined differently over different intervals.
Discontinuities occur at boundary points where the definitions change. To
analyze these points:

1. Evaluate the function limits from the left and right at the boundary.
2. Compare these limits with the function's value at the boundary.

3. Discontinuity exists if limits differ or the function is not defined at
the boundary.

Conclusion: The Analytical Process for
Discontinuity Detection

In summary, the process of determining points of discontinuity involves a
thorough examination of the function's structure. For polynomial functions,
continuity is generally guaranteed everywhere, but for rational or piecewise
functions, specific points require careful analysis:

Identify points where the function is undefined, such as division by zero.
Calculate limits approaching these points to see if the function approaches
a finite value.

Compare the limit with the function's actual value at that point to
classify the type of discontinuity.

In the case presented, assuming the simplified function is \(f(x) =1 +
10x\), the function exhibits no points of discontinuity. It is continuous
everywhere, illustrating the smooth nature of polynomials.

Final Reflection

Understanding limits and discontinuities is essential for a comprehensive
grasp of calculus. They serve as the backbone for more advanced concepts like
derivatives and integrals. Recognizing where functions behave poorly or
unpredictably enables mathematicians and students to model real-world
phenomena accurately and to build robust mathematical frameworks.

In essence, the analysis of the given function underscores the importance of



precise notation, careful algebraic simplification, and methodical limit
evaluation in calculus. Whether dealing with simple polynomials or complex
rational functions, the principles remain consistent: identify potential
trouble spots, evaluate limits, and classify discontinuities accordingly.
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