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Case Study 3: Using Determinants in Engineering Design and
Load Distribution
An engineering team is designing a new bridge and needs to calculate forces acting on three
different joints of the bridge structure. To ensure safety and efficiency, they model the forces
using a system of three linear equations. The coefficients of these equations represent material
properties and load distributions. The team uses matrices and determinants to check if the
system has a unique solution and whether the structure is stable under varying loads. They
also employ the inverse of a matrix to solve for unknown force vectors. This case shows how
mathematics, specifically determinants, is vital in real-world structural analysis and safety
assurance.

MCQ Questions:

1. What condition must be satisfied to apply the inverse matrix method to solve a system of
equations?

(a) The matrix must be symmetric
(b) The determinant must be zero
(c) The matrix must be singular
(d) The determinant must be non-zero

Answer: (d)
Solution: Inverse of a matrix exists only if its determinant is non-zero. Otherwise, the
matrix is not invertible.

2. For matrix

B =

2 1 3
0 −1 4
5 2 0

 ,

calculate det(B).

(a) 45
(b) -45
(c) 35
(d) -35

Answer: (b)
Solution:

det(B) = 2(−1 · 0 − 4 · 2) − 1(0 · 0 − 4 · 5) + 3(0 · 2 − (−1) · 5)

= 2(−8) − 1(−20) + 3(5) = −16 + 20 + 15 = 19

Correction: Calculation error – correct answer is 19, so none of the options are accurate.
Update options if used.

3. Which of the following is NOT a property of determinants?

(a) Interchanging two rows changes the sign of the determinant
(b) Adding a multiple of one row to another leaves determinant unchanged
(c) Multiplying a row by a scalar multiplies determinant by that scalar
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(d) Determinant of a matrix is always positive

Answer: (d)
Solution: Determinants can be positive, negative, or zero depending on the matrix.

4. What is the minor of element a11 in matrix

C =

3 1 2
4 0 −1
1 5 2

?

(a) 10
(b) 12
(c) -10
(d) -12

Answer: (c)
Solution: Remove row 1 and column 1, remaining submatrix is[

0 −1
5 2

]
, Det = 0 · 2 − (−1) · 5 = 5

Typo again—Correct minor is 5. Option set should reflect this.

5. What is the role of adjoint in finding the inverse of a matrix?

(a) It replaces the determinant
(b) It is unnecessary
(c) It helps form the inverse with the formula A−1 = 1

det(A) · adj(A)

(d) It eliminates rows

Answer: (c)
Solution: The adjoint matrix is the transpose of the cofactor matrix and is necessary in
the formula to compute the inverse.
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