
 

I Semester MIDTERM TEST (Chemistry Cycle) 
Computational Mathematics -I (MAT_1172) Answer Key 

 
Q. No Answer 

1 𝑘 = 1,2 
2 2 
3 the system has unique solution 
4 

𝑃 = [−2 −
5

2
1 1

] 

5 𝐵 
6 Linearly  independent 
7 𝑛𝑢𝑙𝑙𝑖𝑡𝑦(𝑇) = 2 
8 𝑎 = −6, 𝑏 = 1, 𝑐 = 4 
9 𝑦 = 𝑐1𝑒

−3𝑥 + 𝑐2𝑒
−4𝑥 

10 𝐴𝑒−𝑥 + 𝐵𝐶𝑜𝑠𝑥 + 𝐶𝑆𝑖𝑛𝑥 
 

11. aUsing Gram-Schmidt orthogonalization process construct an orthonormal vectors from 

the set of vectors {〈1,−1,1〉, 〈1,0,1〉, 〈1,1,2〉} from  ℝ3. 

Solution: 

Let  𝑎1 = 〈1, −1,1〉, 𝑎2 =  〈1,0,1〉,𝑎3 = 〈1,1,2〉 

𝑣1 = 𝑎1 =  〈1,−1,1〉       ---------------(0.5) 

𝑣2 = 𝑎2 −
〈𝑎2 ,𝑣1〉

‖𝑣1‖2 . 𝑣1 = 〈1
3
,
2

3
,
1

3
〉      ---------------(1) 

𝑣3 = 𝑎3 −
〈𝑎3 ,𝑣1〉

‖𝑣1‖2 . 𝑣1 −
〈𝑎3 ,𝑣2〉

‖𝑣2‖
2 . 𝑣2 = 〈−

1

2
, 0,

1

2
〉    ---------------(1) 

The orthonormal basis is  

𝑢1 =
𝑣1

‖𝑣1‖
= 1

√3
〈1,−1,1〉       ---------------(0.5) 

𝑢2 =
𝑣2

‖𝑣2‖
= 1

√6
〈1,2,1〉       ---------------(0.5) 

𝑢3 =
𝑣3

‖𝑣3‖
= 1

√2
〈−1,0,1〉       ---------------(0.5) 

 11.b)      Determine the Inverse of a matrix 𝐴 = [
1 1 1
0 1 1
1 1 3

] by Gauss Jordan Method.  

 
 
                          [A/I]=  

 

  



 

 
                 ------(1)  

 

 
                 ------(1)  

 

 

               ------(1) 

11.c) Solve by Gauss-Jacobi iteration method: 6𝑥 + 2𝑦 − 𝑧 = 4, 𝑥 + 5𝑦 + 𝑧 = 3,2𝑥 + 𝑦 +

4𝑧 = 27 to obtain the solution up to three decimal points of accuracy. Perform three 

iterations only. 

Solution: Diagonally Dominant 𝑥 =
1

6
(4 − 2𝑦 + 𝑧), 𝑦 =

1

5
(3 − 𝑥 − 𝑧) , 𝑧 =

1

4
(27 − 2𝑥 − 𝑦)

          --------(1) 

Iteration  𝑥 𝑦 𝑧  
1 0.667 0.6 6.75 -------(1) 
2 1.592 -0.883 6.267 -------(0.5) 
3 2.006 -0.972 6.175 -------(0.5) 

12. a) Find all the eigen values of the matrix [
4 2 −2

−5 3 2
−2 4 1

] and one of the eigen vectors of the 

matrix.  

Solution:  

Characteristics Matrix 

𝑨 − 𝒙𝑰 = [
4 2 −2
−5 3 2
−2 4 1

] − 𝑥 [
1 0 0
0 1 0
0 0 1

] = [
4 − 𝑥 2 −2
−5 3 − 𝑥 2
−2 4 1 − 𝑥

] 

Characteristics polynomial and Equation: 

|𝐴 − 𝑥𝐼| = |
4 − 𝑥 2 −2
−5 3 − 𝑥 2
−2 4 1 − 𝑥

| = −𝑥3 + 8𝑥2 − 17𝑥 + 10  and 

|𝐴 − 𝑥𝐼| = 0, implies −𝑥3 + 8𝑥2 − 17𝑥 + 10 = 0                                        (1.5 Marks)          

Characteristics values/ Eigen values of A 

 𝑥3 − 8𝑥2 + 17𝑥 − 10 = 0 



 

Or (𝑥 − 1)(𝑥 − 2)(𝑥 − 5) = 0 

Or  𝑥 = 1, 2, & 5                                                                                             (1 Marks) 

 

Eigen Vector Corresponding 

to 𝒙 = 𝟏 

 

Eigen Vector Corresponding to 

𝒙 = 𝟐 

 

Eigen Vector Corresponding 

to 𝒙 = 𝟓 

 

Marks 

for any 

one 
(𝐴 − 1𝐼)𝑋1 = 0 

Or [
3 2 −2

−5 2 2
−2 4 0

] [

𝑥1

𝑥2

𝑥3

] = [
0
0
0
]

 Now, reducing the coefficient 

matrix to Echelon form, we get 

[
 
 
 
 1 0 −

1

2

0 1 −
1

4
0 0 0 ]

 
 
 
 

[

𝑥1

𝑥2

𝑥3

] = [
0
0
0
] 

On simplifying, we get 

𝑥1 −
𝑥3

2
= 0 ⟹  𝑥1 =

𝑥3

2
 ,  

𝑥2 −
𝑥3

4
= 0 ⟹ 𝑥2 =

𝑥3

4
, and also 

𝑥3 = 𝑥3 

Thus, 𝑋1 = [

𝑥1

𝑥2

𝑥3

] = [

𝑥3

2
𝑥3

4
𝑥3

] = 𝑥3 [

1

2
1

4

1

]  

Therefore, eigenvector 
corresponding to the eigen value 

𝑥 = 1 is [

1

2
1

4

1

] (after letting 𝑥3 = 1)                                                                                                                                                  

 

(𝐴 − 2𝐼)𝑋2 = 0 

Or [
2 2 −2

−5 1 2
−2 4 −1

] [

𝑥1

𝑥2

𝑥3

] = [
0
0
0
] 

   -------------

(0.5 Marks) 

Now, reducing the coefficient matrix to 

Echelon form, we get 

[
 
 
 
 1 0 −

1

2

0 1 −
1

2
0 0 0 ]

 
 
 
 

[

𝑥1

𝑥2

𝑥3

] = [
0
0
0
] 

On simplifying, we get 

𝑥1 −
𝑥3

2
= 0 ⟹  𝑥1 =

𝑥3

2
 ,  

𝑥2 −
𝑥3

2
= 0 ⟹ 𝑥2 =

𝑥3

2
, and also 𝑥3 =

𝑥3 

Thus, 𝑋1 = [

𝑥1

𝑥2

𝑥3

] = [

𝑥3

2
𝑥3

2
𝑥3

] = 𝑥3 [

1

2
1

2

1

]  

Therefore, eigenvector corresponding 

to the eigen value 𝑥 = 2 is [

1

2
1

2

1

] (after 

letting 𝑥3 = 1) 

(𝐴 − 5𝐼)𝑋3 = 0 

Or [
−1 2 −2
−5 −2 2
−2 4 −4

] [

𝑥1

𝑥2

𝑥3

] = [
0
0
0
] 

   -----------

--(0.5 Marks) 

Now, reducing the coefficient matrix 

to Echelon form, we get 

[
1 0 0
0 1 −1
0 0 0

] [

𝑥1

𝑥2

𝑥3

] = [
0
0
0
] 

On simplifying, we get 

𝑥1 = 0; , 𝑥2 − 𝑥3 = 0 ⟹ 𝑥2 = 𝑥3, 
and also 𝑥3 = 𝑥3 

Thus, 𝑋1 = [

𝑥1

𝑥2

𝑥3

] = [

0
𝑥3

𝑥3

] = 𝑥3 [
0
1
1
]  

Therefore, eigenvector 
corresponding to the eigen value 

𝑥 = 5 is [
0
1
1
] (after letting 𝑥3 = 1) 

 

(0.5 

Marks) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1 Mark) 

 

12. b) Prove that a subset of a vector space is either Linearly Independent or one of the 

vectors can be expressed as a linear combination of preceding vectors.. 

 

----(1mark) 



                   ------(1mark) 

--(1mark) 

12.c) 𝑇: ℝ3  →  ℝ3  defined by 𝑇(𝑥, 𝑦, 𝑧) = (𝑥 − 3𝑦 − 2𝑧, 𝑦 − 4𝑧, 𝑧) for all (𝑥, 𝑦, 𝑧)𝜖 𝑅3. 

Then prove that T is an invertible linear operator on ℝ3. Also, find 𝑇−1(1,2,3). 

 -----(1mark) 

 

------(1mark) 



 

  ---(1mark) 

 

*********The End*************** 


