
Answer on Question #84013 – Math – Other 

 

Question 

 

Q1. A system of linear equations is shown below. 

{

2𝑥 + 5𝑦 + 6𝑧 = 4
𝑥 − 6𝑦 + 2𝑧 = 9
3𝑥 − 2𝑦 + 4𝑧 = 8

 

(a) Write down the augmented matrix for the above system of equations. 

(b) Determine whether the system of equations has unique solution. 

(c) Use Gaussian elimination method to solve the above system of equations. 

 

 

Solution 

(a) 

Augmented matrix 

𝐴 = (
2 5 6
1 −6 2
3 −2 4

     
4
9
8
) 

(b) 

|
2 5 6
1 −6 2
3 −2 4

| = 2 |
−6 2
−2 4

| − 5 |
1 2
3 4

| + 6 |
1 −6
3 −2

| = 

= 2(−6(4) − 2(−2)) − 5(1(4) − 2(3)) + 6(1(−2) − (−6)(3)) = 66 ≠ 0 

Therefore, the system of equations has the unique solution. 

 

(c) 

(
2 5 6
1 −6 2
3 −2 4

     
4
9
8
)
𝑅1 2⁄
→  (

1 5 2⁄ 3
1 −6 2
3 −2 4

     
2
9
8
) 

 

(
1 5 2⁄ 3
1 −6 2
3 −2 4

     
2
9
8
)
𝑅2−𝑅1
→    (

1 5 2⁄ 3
0 −17 2⁄ −1
3 −2 4

     
2
7
8
) 

 

(
1 5 2⁄ 3
0 −17 2⁄ −1
3 −2 4

     
2
7
8
)
𝑅3−(3)𝑅1
→      (

1 5 2⁄ 3
0 −17 2⁄ −1
0 −19 2⁄ −5

     
2
7
2
) 

 

(
1 5 2⁄ 3
0 −17 2⁄ −1
0 −19 2⁄ −5

     
2
7
2
)
−(
2

17
)𝑅2

→     (
1 5 2⁄ 3
0 1 2 17⁄

0 −19 2⁄ −5
     

2
−14 17⁄
2

) 

 



(
1 5 2⁄ 3
0 1 2 17⁄

0 −19 2⁄ −5
     

2
−14 17⁄
2

)
𝑅1−(

5

2
)𝑅2

→      (
1 0 46 17⁄

0 1 2 17⁄

0 −19 2⁄ −5
     
69 17⁄

−14 17⁄
2

) 

 

(
1 0 46 17⁄

0 1 2 17⁄

0 −19 2⁄ −5
     
69 17⁄

−14 17⁄
2

)
𝑅3+(

19

2
)𝑅2

→       (
1 0 46 17⁄

0 1 2 17⁄

0 0 −66 17⁄
     
69 17⁄

−14 17⁄

−99 17⁄
) 

(
1 0 46 17⁄

0 1 2 17⁄

0 0 −66 17⁄
     
69 17⁄

−14 17⁄

−99 17⁄
)
(−
17

66
)𝑅3

→     (
1 0 46 17⁄

0 1 2 17⁄
0 0 1

     
69 17⁄

−14 17⁄

3 2⁄
) 

 

(
1 0 46 17⁄

0 1 2 17⁄
0 0 1

     
69 17⁄

−14 17⁄

3 2⁄
)
𝑅1−(

46

17
)𝑅3

→       (
1 0 0
0 1 2 17⁄
0 0 1

     
0

−14 17⁄

3 2⁄
) 

 

(
1 0 0
0 1 2 17⁄
0 0 1

     
0

−14 17⁄

3 2⁄
)
𝑅2−(

2

17
)𝑅3

→       (
1 0 0
0 1 0
0 0 1

     
0
−1
3 2⁄

) 

 

{

𝑥 = 0
𝑦 = −1

𝑧 = 3 2⁄
 

𝑨𝒏𝒔𝒘𝒆𝒓: (0,−1,
3

2
). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Question 

 

Q2. A student wants to study the dynamic characteristics of a low-rise building 

under lateral loading. The student models the building by a single lumped mass 

model. After considering damping, stiffness and characteristics of loading, the 

student comes up with the following differential equation:  

𝑑2𝑥

𝑑𝑡2
− 6

𝑑𝑥

𝑑𝑡
+ 8𝑥 = sin 𝑡 

where 𝑥(𝑡) is the time-dependent function for the lateral displacement of the 

building. 

(a) Find the complementary function of the lateral displacement. 

(b) Find the particular integral of the resulting displacement. 

(c) Find the particular solution of the differential equation, given that 𝑥(0) = 0 and 

𝑥′(0) = 1. 
 

Solution 

(a) 

𝑑2𝑥

𝑑𝑡2
− 6

𝑑𝑥

𝑑𝑡
+ 8𝑥 = 0 

Auxiliary (characteristic) equation 

𝑟2 − 6𝑟 + 8 = 0 

(𝑟 − 2)(𝑟 − 4) = 0 

𝑟1 = 2, 𝑟2 = 4 

Complementary function 

𝑥𝑐𝑓 = 𝑐1𝑒
2𝑡 + 𝑐2𝑒

4𝑡 

 

(b) 

𝑥𝑝 = 𝐴 cos 𝑡 + 𝐵 sin 𝑡 

𝑥𝑝
′ = −𝐴 sin 𝑡 + 𝐵 cos 𝑡 

𝑥𝑝
′′ = −𝐴 cos 𝑡 − 𝐵 sin 𝑡 

−𝐴 cos 𝑡 − 𝐵 sin 𝑡 + 6𝐴 sin 𝑡 − 6𝐵 cos 𝑡 + 8𝐴 cos 𝑡 + 8𝐵 sin 𝑡 = sin 𝑡 

{
7𝐴 − 6𝐵 = 0
7𝐵 + 6𝐴 = 1

=> {
𝐴 =

6

85

𝐵 =
7

85

 

𝑥𝑝 =
6

85
cos 𝑡 +

7

85
sin 𝑡 

 

 

(c) 

𝑥(𝑡) = 𝑥𝑐𝑓 + 𝑥𝑝 = 𝑐1𝑒
2𝑡 + 𝑐2𝑒

4𝑡 +
6

85
cos 𝑡 +

7

85
sin 𝑡 

 



𝑥(0) = 𝑐1 + 𝑐2 +
6

85
= 0 

𝑥′(𝑡) = 2𝑐1𝑒
2𝑡 + 4𝑐2𝑒

4𝑡 −
6

85
sin 𝑡 +

7

85
cos 𝑡 

𝑥′(0) = 2𝑐1 + 4𝑐2 +
7

85
= 1 

{
𝑐1 + 𝑐2 +

6

85
= 0

2𝑐1 + 4𝑐2 +
7

85
= 1

=> {
𝑐2 = −

6

85
− 𝑐1

2𝑐1 − 4𝑐1 −
24

85
+
7

85
= 1

=> {
𝑐1 = −

3

5

𝑐2 =
45

85

 

 

𝑥∗(𝑡) = −
3

5
𝑒2𝑡 +

45

85
𝑒4𝑡 +

6

85
cos 𝑡 +

7

85
sin 𝑡. 
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