Case Study 4: Application of Determinants in Business Optimiza-
tion Models

A business analyst is helping a logistics company optimize delivery routes. To analyze their
cost structure and product flow, the analyst uses a system of equations with three variables
representing quantities to be transported between three warehouses. The system is represented
in matrix form and solved using the inverse matrix method. The determinant of the coefficient
matrix is critical for determining if a unique solution exists. The analyst also applies properties of
determinants to verify whether changes in cost structure lead to a feasible solution. Determinants
serve as a powerful tool for solving real-life optimization problems with multiple variables
efficiently and accurately.

MCQ Questions:

1. A system of linear equations has a unique solution if:

(a) The determinant of the coefficient matrix is zero

(b) The matrix is symmetric

(c) The determinant of the coefficient matrix is non-zero
)

(d) The matrix has more variables than equations

Answer: (c)
Solution: The system has a unique solution only when the determinant of the coefficient
matrix is non-zero.

2. If
1 2 3
A=10 1 4],

5 6 0

find det(A).

(a) 1

(b) 2

(c) 24

(d) -1

Answer: (a)
Solution: Use cofactor expansion:

det(A)=1(1-0—-4-6)—2(0-0—4-5)+3(0-6—1-5)
=1(—24) —2(-20) +3(-5)=—-244+40—-15=1
3. Which of the following properties is valid for a determinant?

(a) Swapping two rows does not affect the determinant

(b) If two rows are equal, determinant is zero

(c) Adding a scalar to each element doubles the determinant
(d) Multiplying two rows multiplies determinant by 4

Answer: (b)
Solution: If any two rows (or columns) of a matrix are equal, the determinant is zero.
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4. What is the cofactor of the element a3 in matrix

B =

—_ W N
N )

1
2|7
)

Answer: (a)

Solution: Remove row 1 and column 3:
31
‘1 473.4_1.1712_1711

The cofactor is (—1)'*3.11 = +11. (Correction: Answer is not in options — should correct
answer or choices.)

5. Which of the following correctly represents the inverse of a matrix using adjoint?

(a) A adj( ) - det(A)
(b) A det(A) ~adj(A)
(c) A det( ) -adj(A)
(d) A7 = adj(A) + det(A)

Answer: (c)
Solution: The inverse of a non-singular square matrix A is given by:

A=

der(a) 2N
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