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Understanding algebraic expressions and their properties is fundamental to mastering mathematics.
One common operation involves expanding and simplifying expressions raised to a power, such as
(2z - 3)" 3. This particular expression is a cubic binomial, and finding its product involves applying
specific algebraic formulas and methods, such as the binomial theorem or expansion techniques.

In this comprehensive guide, we will explore the process of expanding (2z - 3)" 3 step-by-step. We
will also discuss its significance in algebra, applications in various fields, and provide practical

examples to solidify your understanding. Whether you're a student preparing for exams or someone
interested in algebraic manipulations, this article aims to clarify the concept thoroughly.

Understanding the Expression (2z - 3)"3

Before diving into the expansion, it’s essential to understand what the expression represents.

What Does (2z - 3)*3 Mean?

The notation (2z - 3)" 3 signifies that the binomial (2z - 3) is multiplied by itself three times:
(2z-3) x (2z-3) x (2z - 3)

This is a cubic power, indicating a third-degree polynomial once expanded.

Relevance of Expanding Binomials

Expanding binomials like (a + b)"n is a common task in algebra, useful in:
- Simplifying expressions

- Solving equations

- Polynomial multiplication

- Calculus applications (derivatives and integrals)
- Real-world modeling scenarios

Methods for Expanding (2z - 3)"3

There are primarily two methods to expand binomials raised to a power:

1. Binomial Theorem



2. Repeated distribution (FOIL method for higher powers)

Given the power of 3, the binomial theorem is the most efficient and systematic approach.

Using the Binomial Theorem

The binomial theorem provides a formula for expanding (a + b)"n:
(a+b)™n=2({fromk=0ton)[ C(n, k) a~(n-k) b~k ]

Where:

- C(n, k) is the binomial coefficient, calculated as n! / (k! (n - k)!)

For our specific case, the expression is (2z - 3)” 3. Note that the binomial is (a + b) witha = 2zand b
=-3.

Step-by-step expansion:
- Identify a = 2z
- Identify b = -3

-n=3

The binomial coefficients for n=3 are:

1.C(3,0) (22)"3(-3)"0=1(8z"3) 1 = 8z"3
2.C3,1)(22)72(-3)"1 =3 (42"2) (-3) = 34272 (-3) = -362"2
3.C@3,2)(22)"1(-3)"2=3(22)9=3229 =54z

4.C(3,3) (22)70 (-3)"3 =11 (-27) = -27

Final expanded form:

(2z-3)"3=8z"3-362"2 + 54z - 27



Key Steps in Expansion

To summarize, the main steps involved in expanding (2z - 3)"~ 3 are:

1. Recognize the binomial and its components.

2. Use the binomial theorem to set up the expansion.

3. Calculate the binomial coefficients.

4. Compute each term carefully, paying attention to signs and exponents.
5. Combine like terms if necessary (though here, all are distinct terms).

Visualizing the Expansion Process

Let’s illustrate the process visually:

| Term | Binomial Coefficient | Power of 2z | Power of -3 | Calculation | Resulting Term |

|k=0|1]|(22)*3=82"3|(-3)*0=1]182"31]|82"3 |
|k=1]3]|(22)"2 =422 | (-3)*1 =-3| 34272 -3 | -362"2 |
k=2 3| (22)"1 =2z |(-3)*2=9]3229|54z|
|k=3|1](22)°0=1]|(-3)"3=-27|11-27|-27 |

Adding all these yields the expanded polynomial.

Applications of Expanding (2z - 3)"3

Understanding how to expand (2z - 3)”3 has numerous applications across different domains:

1. Algebraic Simplification

- Simplifying complex expressions for easier manipulation.
- Factoring higher-degree polynomials.

2. Solving Equations

- When equations involve powers of binomials, expansion helps isolate variables.

3. Calculus

- Derivatives and integrals often require polynomial expansion for easier computation.



4, Modeling and Simulation

- Engineering and physics models sometimes involve polynomial expressions that need expansion for
analysis.

5. Polynomial Approximation

- Approximating functions using polynomial expansions.

Practice Problems for Mastery

To reinforce your understanding, here are some practice problems:

1. Expand (3z - 2)” 3 using the binomial theorem.

2. Find the expansion of (z + 5)" 3.

3. Simplify the expression: (2z - 3)"3 + 3(2z - 3)"2.
4. Factor the polynomial 8z~ 3 - 36z~2 + 54z - 27.
5. Apply the binomial theorem to expand (a + b)"4.

Answers:

1.(3z-2)"3=27z"3-54z"2 + 36z - 8

2.(z+5)"3=2"3+152"2+ 752+ 125

3.(2z-3)"3+3(2z-3)"2=(82"3-362"2 + 54z - 27) + 3(4z"2 - 122 + 9) = 8z2"3 - 362"2 + 54z -
27 + 12272 -36z + 27 =8z"3-24z"2 + 18z

4. The polynomial factors as 8(z - 3/2)"3

5.(a+b)*4 =a"4 +4a"3b + 6a”™2b"2 + 4ab”™3 + b4

Conclusion

Expanding (2z - 3)" 3 is a foundational skill in algebra that demonstrates the power and elegance of
the binomial theorem. By systematically applying the coefficients and exponents, you can transform
a binomial raised to a power into a polynomial, facilitating further mathematical operations and
problem-solving.

Mastering such expansions enhances your ability to handle complex algebraic expressions, supports
higher-level math coursework, and provides tools applicable in scientific and engineering contexts.
Remember to practice different binomial expansions to build confidence and proficiency.

Key Takeaways:
- Recognize the structure of binomials and their powers.

- Use the binomial theorem for systematic expansion.
- Carefully compute binomial coefficients and signs.



- Apply expanded forms to solve real-world problems and mathematical challenges.

With consistent practice and understanding, expanding expressions like (2z - 3)~3 will become an
intuitive and valuable skill in your mathematical toolkit.

Frequently Asked Questions

What is the expanded form of (2z - 3)"3?
The expanded form is 82”3 - 36z™2 + 54z - 27.

How do you find the product of (2z - 3)"3?

You can expand (2z - 3)" 3 using the binomial theorem: (a - b)~3 =a”3-3a"2b + 3ab™2 -b"3.
Substituting a = 2z and b = 3 gives the expanded form.

What is the binomial theorem formula used for expanding (2z
-3)°3?

The binomial theorem states that (a - b)”~3 =a”~3-3a"2b + 3ab™2 - b"3. Applying this formula
with a = 2z and b = 3 yields the product.

Can (2z - 3)" 3 be factored further?

No, (2z - 3)"3 is already in its simplest factored form, representing a cube of a binomial.

What is the significance of calculating (2z - 3)~3 in algebra?

Calculating (2z - 3)" 3 is useful for polynomial expansion, simplifying expressions, and solving
equations involving cubic binomials.

Are there any special properties of (2z - 3)~3?

Yes, it is a perfect cube of a binomial, and its expansion follows the binomial theorem, making it
straightforward to expand and analyze.

Additional Resources
Understanding the Product of (2z - 3)~3: A Comprehensive Exploration

When delving into algebraic expressions, especially those involving binomials raised to powers, one
of the foundational skills is understanding how to expand and interpret these expressions. Among
such expressions, the cube of a binomial, such as (2z - 3)" 3, is particularly significant, not only
because it appears frequently in algebraic problems but also because it serves as a stepping stone to
more advanced polynomial manipulations. This review aims to provide an in-depth understanding of



what the product of (2z - 3)"~3 is, how to compute it efficiently, its applications, and implications in
various mathematical contexts.

Breaking Down the Expression: What Does (2z - 3)"3
Represent?

Before diving into the expansion and detailed analysis, it's essential to grasp the fundamental nature
of the expression.

Definition and Basic Concept

- The expression (2z - 3)" 3 is the cube of the binomial (2z - 3).
- In algebra, raising a binomial to a power involves multiplying the binomial by itself repeatedly.
Specifically:

\[
(2z - 3)™3 = (2z - 3) \times (2z - 3) \times (2z - 3)
\]

- The operation involves polynomial multiplication, which can be simplified using binomial expansion
formulas or algebraic identities.

Significance in Algebra

- Understanding the product of such an expression is crucial for:

- Polynomial expansion

- Simplifying algebraic expressions

- Solving equations involving higher powers

- Applications in calculus, physics, economics, and engineering where polynomial relationships are
modeled

Methodologies for Expanding (2z - 3)*3

There are several approaches to expanding (2z - 3)" 3, each with its advantages. The most common
methods include using the Binomial Theorem, algebraic multiplication, or Pascal's Triangle.



1. Binomial Theorem Approach

The Binomial Theorem provides a direct formula for expanding (a - b)"n:

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

Applying this to (2z - 3)"3:

\[

(2z - 3)73 = \binom{3}{0} (22)"3 (-3)"0 + \binom{3}{1} (22)~2 (-3)"1 + \binom{3}{2} (22)"1
(-3)"2 + \binom{3}{3} (22)"0 (-3)"3

\]

Calculating each term:

\binom{3}{0} = 1\
\binom{3}{1} = 3\
\binom{3}{2} = 3\

-\
-\
-\
-\(\binom{3}{3} = 1\

—_—

)
)
)
)

Now, substitute:

\[
(2z)~3 = 8z"3,\quad (2z)"2 = 4z"2,\quad (2z)~1 = 2z,\quad (2z)"0 =1
\]

and

\[
(-3)~0=1,\quad (-3)~1=-3,\quad (-3)*2=9,\quad (-3)"3=-27
\]

Putting it all together:

\[
(2z - 3)~3 =1 \times 8z" 3 \times 1 + 3 \times 4z" 2 \times (-3) + 3 \times 2z \times 9 + 1 \times 1
\times (-27)

\]

Simplify each term:

-\(8273))

-\(3 \times 4z"2 \times (-3) = 3 \times 4z"2 \times -3 = -362"2\)
-\(3 \times 2z \times 9 = 547\)

-\(-27\)

Final expanded form:



\[

\boxed{

(2z-3)"3=8z"3-36z"2 + 54z - 27
}

\]

Deep Dive: Algebraic Multiplication Method

While the binomial theorem provides a quick route, understanding the step-by-step multiplication
process enhances comprehension and can be useful in manual calculations or when dealing with
more complex expressions.

Step 1: Square the Binomial

Calculate (2z - 3)"2:

\[
(2z-3)"2 =(22)"2 - 2 \times 2z \times 3 + 372 =4z"2-12z+ 9
\]

Step 2: Multiply the Result by the Binomial

Multiply (4z°2 - 12z + 9) by (2z - 3):

\[

(4272 - 12z + 9) \times (2z - 3)

\]

Using distributive property:

\[

= 4772 \times 2z + 4z"2 \times (-3) - 12z \times 2z - 12z \times (-3) + 9 \times 2z + 9 \times (-3)
\]

Calculations:



Combine like terms:

\[

8273 + (-1227°2 -24z"2) + (36z + 182) - 27 = 823 - 3622 + 54z - 27
\]

This matches the expansion obtained via the binomial theorem, confirming the correctness.

Key Properties of the Resulting Polynomial

Understanding the structure and properties of the expanded form 8z 3 - 36z"~2 + 54z - 27 reveals
insights into polynomial behavior.

1. Degree and Leading Coefficient

- The polynomial is cubic, with degree 3.
- The leading coefficient is 8, indicating the end behavior of the cubic function as \(z \to \pm \infty\).

2. Roots of the Polynomial

- To find roots (solutions to (2z - 3)~3 = 0), set the original binomial to zero:

\[
2z - 3 = 0 \Rightarrow z = \frac{3} {2}
\]

- Since the original expression is a perfect cube, the root \(z = \frac{3}{2}\) has multiplicity 3. This
indicates a triple root at \(z = 1.5)).

3. Symmetry and Behavior

- The cubic's shape is influenced by the coefficients.
- The triple root at \(z = 1.5\) suggests the graph touches the x-axis at this point and flattens (due to
multiplicity 3).



Applications of the Expansion in Different Fields

Understanding (2z - 3)" 3 is not merely academic; it has practical applications across various
disciplines.

1. Mathematical Analysis and Calculus

- Deriving derivatives and integrals of cubic functions.
- Analyzing polynomial functions for maxima, minima, and points of inflection.
- Approximating functions near specific points using Taylor expansions.

2. Engineering and Physics

- Modeling non-linear systems where cubic relationships are present.
- Analyzing motion equations where displacement or force depends cubically on a variable.

3. Economics and Business

- Cost, revenue, or demand functions that exhibit cubic behavior.
- Optimization problems involving cubic functions.

4. Computer Science and Algorithm Design

- Polynomial-time algorithms sometimes involve cubic polynomials in complexity analysis.
- Graphics and modeling where cubic Bézier curves are used.

Advanced Topics and Related Concepts

To deepen understanding, exploring related algebraic concepts connected to (2z - 3)" 3 is beneficial.

1. Binomial Expansion Generalization

- The binomial theorem extends to any power \(n\).
- For binomials with different coefficients, the expansion involves binomial coefficients and powers,
as demonstrated.



2. Polynomial Factorization

- Recognizing perfect cubes helps in factorization.
- For example, the original polynomial demonstrates a perfect cube, which can be factored as:

\[
(2z-3)"3
\]

- Similarly, difference of cubes or sum of cubes formulas can be applied.
3. Polynomial Roots and Multiplicity

- Roots' multiplicity affects the graph's shape.
- A triple root indicates a point of tangency with the x-axis
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