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Introduction

Understanding matrix multiplication is fundamental in linear algebra, with
applications spanning computer science, engineering, physics, and data
science. When working with matrices, one common problem involves determining
whether a specific product of matrices — such as AB or BA — exists given
certain matrices, and if so, calculating the resulting matrices. In this
article, we will explore the process of finding matrices AB and BA for a
given matrix A, specifically when A = [2 1 5 1], and discuss what steps to
take if such products are impossible to compute. This comprehensive guide
aims to clarify the concepts, methods, and potential pitfalls involved in
matrix multiplication tasks, ensuring clarity for learners and practitioners
alike.

Understanding the Problem: Matrix A and the
Goal

The problem statement provides a matrix A:

A=1[2151]
However, it's crucial to understand the structure of A—whether it's a row
vector, column vector, or a matrix with multiple rows and columns. From the
notation, it appears that A is a 1x4 row vector:

A=1[2151]
which means it has 1 row and 4 columns.

Our goal is to determine matrices AB and BA, where B is an unknown matrix, or
perhaps to analyze the possible products involving A and some other matrix B,
given certain conditions.

In many matrix multiplication problems, the key is understanding the
dimensions involved, since the product AB (or BA) is only defined under
specific size constraints.



Matrix Dimensions and Compatibility in
Multiplication

Before attempting to find AB or BA, it's essential to understand the rules of
matrix multiplication:

Matrix Multiplication Rule

- If matrix A is of size mxn, and matrix B is of size pxq,
- then the product AB is defined only if n = p,
- and the resulting matrix AB will have dimensions mxq.

Applying this to our problem:

- Since A is 1x4, for AB to be defined, B must have 4 rows.

- For BA to be defined, B must have 1 column (if B is 4x1), or B should have
4 columns (if B is 4xk), depending on the context.

Interpreting the Problem: Finding AB and BA

Given the matrix A = [2 1 5 1], the problem is to find:

- AB, where B is a matrix that satisfies the multiplication constraints,
- BA, similarly.

Since no specific matrix B is provided, the problem likely involves exploring

whether such B matrices exist such that AB and BA can be computed, or
perhaps, if B is given or implied, to compute the products directly.

Possible Scenarios and Solutions

Scenario 1: B is a matrix with compatible dimensions

Suppose B is a 4xk matrix, where k is any positive integer, then:

- AB: Since A is 1x4, and B is 4xk,
- AB will be a 1xk matrix.

Similarly, for BA:



- B must be a matrix with 4 rows, so if B is 4x1,
- then BA = B x A, with B (4x1) and A (1x4),
- resulting in a 4x4 matrix.

Example:

- Let’s assume B is a 4x1 matrix:
B = [bl; b2; b3; b4]

- Then, AB:
AB = [2 15 1] x [bl; b2; b3; b4] = 2bl + 1b2 + 5b3 + 1b4

- This yields a scalar (single number) as the result, a 1x1 matrix.

- BA:

B is 4x1, A is 1x4;

BA =B x A= [bl; b2; b3; b4] x [2 1 5 1]

= a 4x4 matrix, where each entry is computed as:
(row 1) of B x (column j) of A = bi x a j

Result:
- AB is a scalar, computed as a linear combination of B's components.
- BA is a 4x4 matrix with elements bi x a j.

Implication:
- Both AB and BA are possible, given B's dimensions, and their values depend
on B's entries.

Scenario 2: B is a square matrix or given explicitly

If B is a specific matrix, for example, B is a 4x4 matrix:

- AB will be a 1x4 matrix,
- BA will be a 4x4 matrix.

To compute these, we need B's entries. Since none are provided, the best we
can do is describe the process or set B as a variable matrix and express the
products symbolically.

Dealing With Impossible Cases

If, based on the problem, the dimensions of A and B are incompatible—-meaning
the multiplication is undefined-then the task is impossible.

For example:



- If A is 1x4, and B is 2x3,
- then AB is undefined because 4 # 2.
- Similarly, BA is undefined because 3 # 1.

In such cases, the instruction is to enter "IMPOSSIBLE" in any single cell,
indicating that the product cannot be computed.

Key Takeaways and Summary

- Matrix multiplication requires compatible dimensions: the number of columns
in the first matrix must equal the number of rows in the second.

- For A=[2 15 1], a 1x4 matrix, products involving another matrix B are
only defined under certain dimension constraints.

- If B is a 4xk matrix, then AB is a 1xk matrix, and BA is a 4x4 matrix if B
is 4x4,

- Without specific B, we can only describe the process, not compute numeric
results.

- If multiplication is impossible due to incompatible sizes, the answer
should be "IMPOSSIBLE."

Practical Example: Calculating AB and BA with
Specific B
Let's consider a specific B to illustrate the process.
Example:
Suppose B =
[12 3 4]

which is a 4x1 matrix.

- Calculate AB:
A=1[2151], B=1[1; 2; 3; 4]

AB = [2 15 1] x [1; 2; 3; 4] = (2x1) + (1x2) + (5x3) + (1x4) =2 + 2 + 15 +
4 =23

Result: AB = [23] (a 1x1 matrix).
- Calculate BA:
B is 4x1, A is 1x4.

BA = [1; 2; 3; 4] x [2 15 1]



This results in a 4x4 matrix:

\ [

\begin{bmatrix}

1 \times 2 & 1 \times 1
2 \times 2 & 2 \times 1
3 \times 2 & 3 \times 1
4 \times 2 & 4 \times 1
\end{bmatrix}
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Interpretation:
- Both products are computable with a given B.
- AB yields a scalar, BA yields a 4x4 matrix.

Conclusion

Calculating the products AB and BA for a matrix A depends heavily on the
dimensions and the specific entries of matrix B. When the dimensions are
compatible, the products can be computed explicitly; otherwise, the operation
is impossible. In the case where the multiplication is impossible, the
instruction is to enter "IMPOSSIBLE" in any cell.

In scenarios involving a matrix A = [2 1 5 1], the key steps are:

- Determine the dimensions of B,

- Verify whether multiplication is feasible based on the rules,
- If feasible, perform the multiplication,

- If not

Frequently Asked Questions

Given the array A = [2, 1, 5, 1], is it possible to
find two arrays AB and BA such that their
concatenation results in A?

IMPOSSIBLE. The array A cannot be split into two consecutive arrays AB and BA
because the pattern does not satisfy the necessary conditions for such a



partition.

What conditions must be met for arrays AB and BA to
concatenate into the array A = [2, 1, 5, 1]?

The array A should be divisible into two parts where one is AB and the other
is BA, with BA being the reverse of AB or following a specific pattern. In
this case, no such partition exists for A = [2, 1, 5, 1].

Can the array A = [2, 1, 5, 1] be split into two
arrays AB and BA with AB followed by BA?

No, it is impossible to split A into AB and BA because the sequence does not
match the pattern needed for such a division.

If A=[2, 1, 5, 1], what is the method to determine
whether AB and BA exist?

You check whether A can be partitioned into two parts where one is the
reverse of the other or fits the pattern of AB followed by BA. For this
specific A, no such partition is possible, so the answer is IMPOSSIBLE.

What is the significance of the order of elements in
determining if AB and BA can be formed from A?

The order of elements is crucial because AB and BA are related through
reversal or specific pattern constraints. If the sequence doesn't align with
these constraints, forming such arrays is impossible.

Is it possible to construct arrays AB and BA from A
= [2, 1, 5, 1]7?

IMPOSSIBLE. There are no arrays AB and BA that, when concatenated, form A =
[2, 1, 5, 1] under the given conditions.

Additional Resources

Find, If Possible, AB And BA. (If Not Possible, Enter IMPOSSIBLE In Any
Single Cell.) A= [2 15 1]

Introduction

The problem of determining the products AB and BA for a given matrix A, and
whether these products can be computed within the constraints, is a classic
question in matrix algebra and linear transformations. Specifically, this
problem involves understanding the nature of matrix multiplication, the



conditions under which these products are defined, and whether the products
can be explicitly determined given certain matrix properties.

In this review, we examine the problem: Given a matrix A = [2 1 5 1], find
matrices B such that the products AB and BA can be computed, and if not,
declare impossibility. We explore the theoretical foundations, potential
solutions, and the implications of the problem in the broader context of
linear algebra.

Understanding the Problem Statement

Matrix A: Clarification and Assumptions

The notation A = [2 1 5 1] suggests a matrix with elements 2, 1, 5, 1. The
primary ambiguity is the structure of this matrix: Is it a row vector, a

column vector, or a 2x2 matrix? The most common interpretation in such
problems is that A is a 2x2 matrix:

\begin{bmatrix}
1 \\

\end{bmatrix}
\1]

This assumption aligns with typical matrix algebra problems involving
multiplication AB and BA, which require the matrices to be conformable
(dimensions compatible).

The Task

- Find matrices B such that:

- The product AB is defined and can be computed.

- The product BA is also defined and can be computed.

- If either (or both) products are impossible due to dimension

incompatibility, then the instruction is to enter "IMPOSSIBLE" in any single
cell.

Matrix Dimensions and Compatibility

Fundamental Principles

Matrix multiplication AB is defined if and only if:

- The number of columns in A equals the number of rows in B.

Similarly, BA is defined if and only if:



- The number of columns in B equals the number of rows in A.
Given A is 2x2, B must be:

- For AB: B must have 2 rows.
- For BA: B must have 2 columns.

In other words:

- B must be a 2xk matrix for AB to be defined.
- B must be a kx2 matrix for BA to be defined.

To have both products defined, B must be compatible with A in both contexts,
which suggests B should be a 2x2 matrix (since then both AB and BA are
defined).

Conclusion on Compatibility

- If B is 2x2, both products AB and BA are defined.

- If B is not 2x2, then at least one of the products is impossible to
compute.

Attempt to Find B: Analytical Approach
Case 1: B is a 2x2 matrix

Let

~

[

B = \begin{bmatrix}
b {11} & b {12} \\
b {21} & b {22}
\end{bmatrix}

\1

The products are:

\ [

AB = \begin{bmatrix}
2 & 1\\

5&1

\end{bmatrix}
\begin{bmatrix}

b {11} & b {12} \\

b {21} & b {22}
\end{bmatrix}

\1]

\ [



BA = \begin{bmatrix}
b {11} & b {12} \\

b {21} & b {22}
\end{bmatrix}
\begin{bmatrix}

2 & 1\\

56&1

\end{bmatrix}

\1

Calculating AB:

\ [

AB = \begin{bmatrix}

2b {11} + 1b {21} & 2b {12} + 1b {22} \\
5b {11} + 1b {21} & 5b {12} + 1b {22}
\end{bmatrix}

\1

Calculating BA:

\ [

BA = \begin{bmatrix}

b {11} \cdot 2 + b {12} \cdot 5 & b {11} \cdot 1 + b {12} \cdot 1 \\
b {21} \cdot 2 + b {22} \cdot 5 & b {21} \cdot 1 + b {22} \cdot 1
\end{bmatrix}

= \begin{bmatrix}

2b {11} + 5b {12} & b {11} + b {12} \\

2b {21} + 5b {22} & b {21} + b {22}

\end{bmatrix}

\1

Can B be any arbitrary 2x2 matrix?

Yes. B can be any 2x2 matrix. The question is whether we can find B such that
AB and BA satisfy certain conditions or are equal, or whether the task is
simply to find any B that makes these products computable.

Is there a specific criterion?

The problem statement is somewhat ambiguous but suggests that the goal is:

- To find B such that AB and BA are both defined and perhaps satisfy
additional conditions (e.g., being equal, diagonal, etc.). However, since no

such conditions are specified, the default assumption is to find any B that
makes both products computable.

Exploring Special Cases and Constraints



Scenario 1: Identity matrix B

Set \( B=1\):

\ [

I = \begin{bmatrix}
1 & 0 \\

0&1

\end{bmatrix}

\1]

Calculations:

\ [

AB = A \times I = A
\1]

\ [

BA = I \times A = A
\1

Both products are well-defined, and in this case, both products equal A,
which is 2x2.

Scenario 2: B is a scalar multiple of identity
Suppose \ (B = \lambda I\):

\ [
AB
\1]
\ [
BA
\1]

A \times \lambda I

\lambda A

\lambda I \times A

\lambda A

Again, both products are well-defined and equal. This confirms that B can be
any scalar multiple of the identity matrix, and the products are well-
defined.

Scenario 3: General B
Since B is arbitrary 2x2, the only restriction for both products to be

defined is the shape of B. No further constraints are specified, indicating
that solutions always exist for B as 2x2 matrices.

When Is the Problem Impossible?

Given the above, the only case where the products are impossible is if the
dimensions of B prevent both products from being defined.



- For B to be compatible with A in both products, B must be 2x2.
- If B's dimensions are not 2x2, at least one product is impossible.

Thus, the only scenario where the task is impossible is if B is not a 2x2
matrix.

Summary and Final Answer

If the problem asks for any B such that both AB and BA are defined, the
answer 1is:

- B can be any 2x2 matrix.
- For example, B = the identity matrix, scalar multiples of the identity, or
any arbitrary 2x2 matrix.

If the problem requires explicit B matrices satisfying certain conditions
(e.g., equality of products, diagonalization), additional constraints are
needed. Since none are specified, the general solution is that such B
matrices exist abundantly.

When is it impossible?

- If B is not a 2x2 matrix, then either AB or BA is impossible to compute,
and the answer is IMPOSSIBLE.

Concluding Remarks

The problem of finding matrices B such that both AB and BA are defined with a
given matrix A is fundamentally about matrix dimension compatibility. Under
the assumption that A is 2x2, the solution space for B includes all 2x2
matrices. The presence of the identity matrix as a trivial solution
exemplifies this.

This exploration demonstrates the importance of understanding the underlying
algebraic structures and dimension constraints when approaching matrix
problems. It also highlights that, in many cases, solutions are abundant
unless specific conditions restrict them.

Final Note

Given the problem as stated and the assumptions made, the most comprehensive
answer 1is:

- B can be any 2x2 matrix.
- Both products AB and BA are then defined and computable.



If, however, the problem had a different implied meaning or additional
constraints, those would need to be specified for a more precise solution.

In summary:

- For A = [[2, 1], [5, 1]], it is possible to find matrices B (specifically,
all 2x2 matrices) such that both AB and BA are defined.

- If no such B exists (which is not the case here), the answer would be
IMPOSSIBLE.

Therefore, the answer is:

"Find, If Possible, AB And BA. (If Not Possible, Enter IMPOSSIBLE In Any
Single Cell.)"

Since it is possible,
a valid B exists (for example, the identity matrix), and the products can be
computed.

Find If Possible Ab And Ba If Not Possible Enter Impossible In
Any Single CellA2151

Find If Possible Ab And Ba If Not Possible Enter Impossible In Any Single Cell A2 151
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