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Time: 3 Hours Total Marks: 100 
 

N.B.:  (1) All Questions from are Compulsory. 

           (2) Attempt any three sub-questions from each Q.2 – Q.7. 

 
 

 

Q.1 Attempt Any One The Question: (10 Marks) 

(A)  
If the matrix 𝐴 = [

8 −6 2
−6 7 −4
2 −4 3

] is similar to a Diagonal Matrix. Find the Diagonal 

Matrix. 

(10) 

(B)  

If 𝑢 = 𝑐𝑜𝑠𝑒𝑐−1√
𝑥

1
2+𝑦

1
2

𝑥
1
3+𝑦

1
3

 . Show that 𝑥2 𝜕2𝑢

𝜕𝑥2 + 2𝑥𝑦
𝜕2

𝜕𝑥𝜕𝑦
+ 𝑦2 𝜕2𝑢

𝜕𝑦2 =
tan 𝑢

12
(

13

12
+

𝑡𝑎𝑛2𝑢

12
). 

(10) 

 

Q.2 Attempt Any Three From The Following: (15 Marks) 

(A)  
Under what condition the rank of the matrix 𝐴 = [

2 4 2
2 1 2
1 0 𝑥

] is 3? 
(5) 

(B)  
If 𝐴 = [

3 −3 4
2 −3 4
0 −1 1

] prove that 𝐴3 = 𝐴−1. 
(5) 

(C)  
Find the solution of system. 

𝑥1 𝑥2 𝑥3 = 0
𝑥1 2𝑥2 𝑥3 = 0

2𝑥1 𝑥2 𝑥3 = 0
 

(5) 

(D)  Reduce the following matrix to the normal form and hence find its rank  

 

(5) 

 

Q.3 Attempt Any Three From The Following: (15 Marks) 

(A)  Show that the following vectors are linearly dependent and find the relation between 
them. 𝑋1 = (1, −1, 1), 𝑋2(2, 1, 1), 𝑋3 = (3, 0, 2). 

(5) 

(B)  
Verify Cayley-Hamilton Theorem for the Matrix 𝐴 = [

2 4 3
0 −1 1
2 2 1

]. 
(5) 

(C)  
Express the matrix 𝐴 = [

2 + 𝑖 1 3 − 3𝑖
𝑖 1 − 𝑖 2 + 𝑖

1 + 𝑖 −3 5
] as the sum of Hermitian Matrix and 

skew Hermitian Matrix. 

(5) 

(D)  Find the minimal polynomial and show that it is Derogatory Matrix. 

Where 𝐴 = [
2 2 1
1 3 1
1 2 2

]. 

(5) 
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Q.4 Attempt Any Three From The Following: (15 Marks) 

(A)  If 𝑟 = 𝑥𝑖 + 𝑦𝑖 + 𝑧𝑘 prove that grand (
1

𝑅
) =

1

𝑅𝑟 where 𝑅 = |𝑟|. (5) 

(B)  Find the directional derivative of 𝑓(𝑥, 𝑦, 𝑧) = 3𝑒2𝑥−𝑦+𝑧 at the point 𝐴 = (1, 1, −1) in 
the direction 𝐴𝐵̅̅ ̅̅  when 𝐵 = (−3, 5, 6). 

(5) 

(C)  If 𝐹 = 𝑥2𝑧𝑖 + 2𝑦3𝑧2𝑗 + 𝑥𝑦2𝑧𝑘. Find divF and curlF at the point (1, −1, 1). (5) 
(D)  If 𝑎 = 𝑎1𝑖 + 𝑎2𝑗 + 𝑎3𝑘 and 𝑟 = 𝑥𝑖 + 𝑦𝑗 + 𝑧𝑘, find curl (𝑟 × 𝑎). (5) 

 

Q.5 Attempt Any Three From The Following: (15 Marks) 

(A)  Solve: 
𝑑𝑦

𝑑𝑥
= sin(𝑥 + 𝑦) + cos(𝑥 + 𝑦). (5) 

(B)  Solve: 
𝑑𝑦

𝑑𝑥
=

𝑦−𝑥+1

𝑦+𝑥−5
. (5) 

(C)  Solve: (𝑦4 + 2𝑦) 𝑑𝑥 + (𝑥𝑦3 + 2𝑦4 − 4𝑥)𝑑𝑦 = 𝑐. (5) 
(D)  Solve: (𝑦 log 𝑥 − 1) 𝑦𝑑𝑥 = 𝑥𝑑𝑦. (5) 

 

Q.6 Attempt Any Three From The Following: (15 Marks) 

(A)  Solve: 
𝑑3𝑦

𝑑𝑥3 + 4
𝑑2𝑦

𝑑𝑥2 +
𝑑𝑦

𝑑𝑥
= 6𝑦 = 0. (5) 

(B)  Solve: 
𝑑3𝑦

𝑑𝑥2 − 7
𝑑𝑦

𝑑𝑥
+ 12𝑦 = 𝑒2𝑥. (5) 

(C)  Solve: 
𝑑3𝑦

𝑑𝑥3 − 2
𝑑𝑦

𝑑𝑥
+ 4𝑦 = 3𝑥2 − 5𝑥 + 2. (5) 

(D)  The differential equation of motion of a body is 
𝑑2𝑥

𝑑𝑡2 + 𝑛2𝑥 = 𝑓 cos 𝑝𝑡. 

Solve this equation. What is the solution if 𝑝 = 𝑛? 

(5) 

 

Q.7 Attempt Any Three From The Following: (15 Marks) 

(A)  Find the 𝑛𝑡ℎ derivative of 𝑥3. sin 𝑥 by using Leibnitz Theorem. (5) 

(B)  Verify Langrage’s Mean Value Theorem for  𝑓(𝑥) = (𝑥 − 1) (𝑥 − 2) (𝑥 − 3) in (0, 4). (5) 
(C)  Verify Cauchy’s Mean Value Theorem of the functions 

𝑓(𝑥) = log 𝑥 , 𝑔(𝑥) =
1

𝑥
𝑜𝑛 [1, 𝑒] 

(5) 

(D)  Find Maxima and Minima for 𝑓(𝑥, 𝑦) = 𝑥3 + 3𝑥𝑦2 − 15𝑦2 − 15𝑥2 + 72𝑥. (5) 
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