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Expand (x-y)”~4 Using The Fourth Terms In The Binomial Expansion is a common
mathematical problem that involves applying the binomial theorem to simplify
and expand algebraic expressions. This process not only enhances your
understanding of polynomial expansion but also sharpens your skills in
algebraic manipulation. In this article, we will explore the binomial
expansion method, identify the fourth terms in the expansion, and demonstrate
how to expand (x - y)”~4 step-by-step.

Understanding the Binomial Theorem

What Is the Binomial Theorem?

The binomial theorem provides a formula for expanding powers of binomials,
which are algebraic expressions with two terms, such as (a + b) or (x - y).
The general form of the binomial theorem for any positive integer n is:

\ [
(a + b)"n = \sum {k=0}"{n} \binom{n}{k} a~{n-k} b~{k}
\1

where:

- \(\binom{n}{k}\) is the binomial coefficient, calculated as
\(\frac{n!}{k!(n-k)'}\).

- \(a\) and \(b\) are the terms in the binomial.

Application to (x - y)"4

In our case, the binomial is (x - y), and n=4. Using the binomial theorenm,
the expansion becomes:

\ [
(x - y)*4 = \sum {k=0}"{4} \binom{4}{k} x~{4-k} (-y)"k
\]

Notice that the negative sign applies to y, which affects the signs of the
terms in the expansion.



Calculating the Fourth Terms in the Binomial
Expansion

Understanding the Terms of the Expansion

The terms in the binomial expansion are arranged based on the value of Kk,
starting from 0 up to n. For (x - y)~4, the terms are:

- Term 1: \(k=0\)
- Term 2: \(k=1\)
- Term 3: \(k=2\)
- Term 4: \(k=3\)
- Term 5: \(k=4\)

Since the question emphasizes the "Fourth Terms," it is essential to clarify
whether we mean the fourth term in the sequence or specifically the term
corresponding to \(k=3\). Typically, the "fourth term" refers to the term
where \ (k=3\).

Identifying the Fourth Term
The fourth term in the expansion corresponds to \(k=3\), and its general form

is:

\ [
T {k+1} = \binom{n}{k} a~{n-k} b~{k}
\]

Applying to our case:

\ [
T {4} = \binom{4}{3} x~{4-3} (-y)~3
\]

Calculating each component:

- \(\binom{4}{3} = 4\)
- \(x™{1} = x\)
-\ ((-y)"3 = - y™3\)

Putting it all together:

\[
T {4} = 4 \times x \times (- y*3) = -4 x y"3
\1

This is the fourth term in the binomial expansion of (x - y)™4.



Full Expansion of (x - y)"4

While the focus is on the fourth term, understanding the entire expansion
provides better context. Let's calculate all the terms for (x - y)™4.

Step-by-Step Expansion

Using the binomial theorem:

\ [

(X - y)™4 = \sum {k=0}"{4}

\1]

Calculating each term:

- k=0:

\ [
\binom{4}{0}
\1

- k=1:

\ [
\binom{4}{1}
\1]

- k=2:

\ [
\binom{4}{2}
\1]

- k=3:

\ [
\binom{4}{3}
\1]

- k=4:

\ [

\binom{4}{4}
\1

x~{4} (- y)"0

x*{3} (- y)"1

x™{2} (- y)"2

x*{1} (- y)"3

x*{0} (- y)™4

Complete expanded form:

\[

\binom{4}{k} x~{4-k} (- y)~k

1 \times x4 \times 1 = x4

4 \times x”3 \times (- y)

6 \times x*2 \times y~2 = 6

4 \times x \times (- y)”"3

1 \times 1 \times y™4 = y™4

X - 4 X3y +6x"2y"2 -4xy"3+yr4

-4 x"3 y

X~2 y*2

-4 x y™3



\]

Interpreting the Fourth Term in the Expansion

Significance of the Fourth Term

The fourth term, \(-4 x y*3\), plays a crucial role in understanding the
behavior of the polynomial, especially in applications involving polynomial
identities, algebraic factoring, and binomial coefficients.

Properties of the Fourth Term

- It has a negative sign, indicating the alternating nature of the binomial
expansion.

- The term involves the variables \(x\) and \(y\) with powers 1 and 3
respectively.

- The coefficient 4 is derived from the binomial coefficient

\ (\binom{4}{3}\).

Applications of Binomial Expansion in
Mathematics

Algebraic Simplification

Expanding binomials is essential for simplifying complex algebraic
expressions, especially in polynomial multiplication.

Calculating Probabilities

Binomial coefficients are used extensively in probability theory, especially
in binomial probability calculations.

Combinatorial Analysis

Understanding the binomial expansion helps in counting problems and
combinatorial analysis.

Practice Problems



To solidify understanding, here are some practice problems related to
binomial expansion:

1. Expand (x + y)”™4 and identify the third term.

2. Find the coefficient of the \(x"2 y~2\) term in the expansion of (x -
y)™4.

3. Verify the expansion of (x - y)”™4 by direct multiplication.
4. Using the binomial theorem, expand (2x - 3y)™4.

5. Determine the fourth term in the expansion of (a + b)”"5.

Conclusion

Understanding how to expand (x - y)”~4 using the fourth terms in the binomial
expansion is foundational in algebra. The process involves applying the
binomial theorem, calculating binomial coefficients, and carefully expanding
each term with the correct signs. Recognizing the significance of individual
terms, especially the fourth term, enhances your ability to manipulate
algebraic expressions and solve complex problems efficiently. Whether for
academic purposes or practical applications, mastering binomial expansion is
an essential skill in mathematics.

Summary of Key Points

- The binomial theorem provides a formula for expanding powers of binomials.
- The fourth term corresponds to \(k=3\) in the expansion of (x - y)"4.

- The fourth term is \(-4 x y™3\).

- The entire expansion of (x - y)™4 is \(x™4 - 4 x"3 y + 6 X*2 y*2 - 4 x y"3
+ y*4\).

Understanding individual terms helps in algebraic simplification and
problem-solving.

By mastering the technique of binomial expansion and focusing on specific
terms, you can tackle a wide range of algebraic and combinatorial problems
with confidence.

Frequently Asked Questions



What is the binomial expansion of (x - y)”~4 using
the fourth term?

The binomial expansion of (x - y)™4 is x™ - 4x"3 y + 6x"2 y™2 - 4x y"3 +
y*4. The fourth term in this expansion is -4x y”"3.

How do you find the fourth term in the binomial
expansion of (x - y)”"4?

The fourth term corresponds to k=3 in the binomial theorem: C(4,3) x~{4-3} (-
y)?3 =4 x*1 (- y)"3 = -4 x y"3.

What is the general form for the kth term in the
binomial expansion of (x - y)”n?
The kth term is C(n, k-1) x~{n-(k-1)} (-y)~{k-1} for k=1, 2, ..., n+l.

What is the coefficient of the fourth term in the
expansion of (x - y)”"4?

The coefficient is 4, as it corresponds to C(4,3) = 4.

How can I verify the fourth term in the binomial
expansion of (x - y)~"4?

Calculate the fourth term using the binomial coefficient C(4,3)=4, and the
powers of x and y: 4 x~{1} (- y)™{3} = -4 x y*{3}.

Why is the fourth term in the expansion (x - y)”"4
negative?

Because the power of -y in the fourth term is odd (3), resulting in a
negative sign: -4 x y~{3}.

Can you provide a step-by-step process to expand (x
- y)*4 and identify the fourth term?

Yes. First, write the binomial theorem: (x - y)™4 =% C(4, k) x*{4-k} (- y)~k
for k=0 to 4. For the fourth term (k=3): C(4,3)=4, x~{1}, (- y)"3 = - y*3, so
the term is 4 x y"™3 with a negative sign, resulting in -4 x y"3.

What is the importance of understanding the fourth
term in binomial expansion?

It helps in approximations, solving algebraic problems, and understanding the
pattern of coefficients in binomial expansions.



How does the expansion of (x - y)”4 relate to
Pascal's Triangle?

The coefficients in the expansion correspond to the 5th row of Pascal's
Triangle (1, 4, 6, 4, 1). The fourth term's coefficient is 4, which is from
this row.

Are there any common mistakes to avoid when
expanding (x - y)~4 and identifying the fourth term?

Yes, common mistakes include miscalculating binomial coefficients, forgetting
the negative sign in (- y)”k when k is odd, or misidentifying the term's
position. Always verify the power and sign carefully.

Additional Resources

Expand (x - y)~4 Using The Fourth Terms In The Binomial Expansion

Understanding how to expand binomials such as (x - y)™4 is a fundamental
skill in algebra, and it opens the door to more complex polynomial
manipulations. The phrase "Expand (x - y)”~4 Using The Fourth Terms In The
Binomial Expansion" emphasizes a specific approach—focusing on the binomial
theorem and identifying the key terms involved. This method simplifies the
process and enhances comprehension of binomial coefficients and their roles
in polynomial expansion. In this article, we will delve deeply into the
binomial theorem, explore how to expand (x - y)”4, and analyze the
significance of the fourth terms in the expansion.

Understanding the Binomial Theorem

What Is the Binomial Theorem?

The binomial theorem provides a systematic way to expand powers of
binomials—expressions with two terms like (a + b)”n. It states that:

\ [
(a + b)”™n = \sum_{k=0}"{n} \binom{n}{k} a~{n-k}b~{k}
\]

where \(\binom{n}{k}\) (read as "n choose k") are binomial coefficients
calculated as:



\ [
\binom{n}{k} = \frac{n!}{k!(n-k)!'}
\1

This theorem is powerful because it allows us to expand any binomial raised
to a positive integer power systematically, without multiplying out the
binomial repeatedly.

Expanding (x - y)~4 Using the Binomial Theorem

Applying the binomial theorem to (x - y)™4 involves recognizing that the
second term is -y, not just y. So, the expansion becomes:

\ [
(x - y)™4 = \sum_{k=0}"{4} \binom{4}{k} x*{4 - k}(-y)"k
\]

Calculating each term involves the binomial coefficients \(\binom{4}{k}\):

- \(\binom{4}{0}
- \(\binom{4}{1} = 4\
- \(\binom{4}{2} = 6\
- \(\binom{4}{3} =
- \(\binom{4}{4} =

I
=
~

o
NN
- =

Now, substituting these into the sum:

\ [

(x - y)™4 = \binom{4}{0} x~{4}(-y)"0 + \binom{4}{1} x~{3}(-y)"1 +
\binom{4}{2} x*{2}(-y)"2 + \binom{4}{3} x~{1}(-y)"3 + \binom{4}{4} x~{0}(-
y)~4

\]

which simplifies to:

\ [
x~{4} - 4x~{3} y + 6x7{2} y~{2} - 4x y"{3} + y"{4}
\]

This is the complete expansion of (x - y)”4 using the binomial theorenm,
carefully considering the signs and coefficients.

Focusing on the Fourth Terms in the Binomial



Expansion

What Does the Fourth Term Represent?

In the binomial expansion, the "fourth term" typically refers to the term
where \(k=3\) when counting from \(k=0\). For (x - y)*4, this term is:

\ [
-4x y~{3}
\1

This term is significant because it involves third powers of y and first
powers of x, reflecting how the variables combine as the binomial is
expanded.

Understanding the importance of the fourth term offers insights into the
structure of binomial expansions, especially when analyzing polynomial
behavior or simplifying expressions.

Why Focus on the Fourth Term?

Focusing on the fourth term has several educational and practical advantages:

- Pattern Recognition: It helps students recognize how coefficients and signs
evolve in binomial expansions.

- Term Identification: It improves the ability to identify specific terms in
complex expansions.

- Application in Problem Solving: Certain problems may require isolating or
manipulating specific terms, making this focus valuable.

Methodology: Extracting the Fourth Term

Step-by-Step Approach

To explicitly find and understand the fourth term in the expansion of (x -
y)"~4, follow these steps:

1. Identify the general term: The k-th term is \(\binom{n}{k} x™~{n-k}(-
y)"k\).
2. Set \(k=3\) for the fourth term (since counting starts from 0).



3. Calculate the binomial coefficient: \(\binom{4}{3} = 4\).
4. Substitute into the general term:

\ [
\binom{4}{3} x*{4-3}(-y)"3 = 4 x~{1}(-y)"3
\]

5. Simplify the sign and power:

\ [
4 x (-y)"3=4x (-y"3) =-4xy"3
\1]

This confirms that the fourth term in the expansion is \ (-4 x y"3\).

Features and Applications of the Binomial
Expansion Approach

Features:

- Systematic Process: The binomial theorem provides a clear, step-by-step way
to expand binomials of any power.

- Coefficient Calculation: Binomial coefficients are straightforward to
compute, especially with Pascal's triangle.

- Sign Management: The method accounts for signs, especially important in
binomials with subtraction.

Applications:
- Polynomial algebra and simplification.
- Calculating probabilities in binomial distributions.

- Expanding expressions in algebraic proofs.
- Deriving formulas in calculus, such as binomial series expansions.

Pros and Cons of Using the Binomial Expansion
for (x - y)™4
Pros:

- Efficiency: Eliminates the need for repeated multiplication.
- Accuracy: Reduces errors associated with manual multiplication.



- Clarity: Highlights the structure of the expansion, making it easier to
analyze specific terms.
- Versatility: Applicable to any binomial power, not just 4.

Cons:

- Complex for Large n: As n increases, calculations become more cumbersome
without computational tools.

- Requires Understanding of Binomial Coefficients: Beginners might need
additional practice to grasp the concept.

- Sign Management: Handling negative terms requires careful attention to
signs.

Conclusion

Expanding (x - y)”~4 using the binomial theorem, particularly focusing on the
fourth term, offers a clear window into the structure and behavior of
binomial expansions. By understanding the general formula, calculating
binomial coefficients, and carefully managing signs, one can efficiently
derive each term in the expansion. The specific focus on the fourth term,
\(-4 x y*3\), exemplifies how individual components of the expansion reveal
the polynomial's detailed structure. Mastery of this process enhances
algebraic skills, prepares students for more advanced topics like polynomial
theorems, and provides a strategic approach to problem-solving in
mathematics. Whether used in academic contexts, competitive exams, or
practical applications, the binomial expansion remains an essential tool, and
understanding its terms in depth enriches mathematical comprehension.

Features Summary:

- Systematic and reliable method for expanding binomials.
- Enhances understanding of coefficients and variable powers.
- Useful in probabilistic, algebraic, and calculus applications.

Pros:

- Accurate and efficient.

- Easily adaptable to higher powers.

- Promotes pattern recognition.

Cons:

- Can be computationally intensive for large n.

- Requires familiarity with factorials and binomial coefficients.
- Demands careful sign management, especially with negative terms.



Final thoughts:

Focusing on specific terms like the fourth term in binomial expansions not
only deepens understanding but also equips learners with analytical tools to
dissect complex polynomials. The binomial theorem remains a cornerstone of
algebra, and mastery over its application to expressions like (x - y)"™4
underscores fundamental proficiency in mathematics.
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