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Answer ALL the questions: 

 

1. (a) Find the partial differential equation of the family of planes, the sum of whose 𝑥, 𝑦, 𝑧 intercepts is 

equal to unity.  (5) 

(OR) 

(b) Use Lagrange’s method to solve the equation |
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| = 0where 𝑧 = 𝑧(𝑥, 𝑦).   (5) 

(c) Find the characteristics of the equation 𝑝𝑞 = 𝑧 and determine the integral surface which passes 

through the parabola 𝑥 = 0,  𝑦2 = 𝑧. (15) 
(OR) 

(d) Derive the necessary and sufficient conditions for the two partial differential equations 

𝑓(𝑥, 𝑦, 𝑧, 𝑝, 𝑞) = 0 and 𝑔(𝑥, 𝑦, 𝑧, 𝑝, 𝑞) = 0 to be compatible.  (15) 

 

2. (a) Find the characteristic equations of 𝑢𝑥𝑥 + 2 𝑢𝑥𝑦 + 𝑠𝑖𝑛2𝑥 𝑢𝑦𝑦 + 𝑢𝑦 = 0.  (5) 

(OR) 

(b) Construct the adjoint operator for 𝐿(𝑢) = 𝑎(𝑥)
𝑑2𝑢

𝑑𝑥2
+ 𝑏(𝑥)

𝑑𝑢

𝑑𝑥
+ 𝑐(𝑥)𝑢.  (5) 

(c) Obtain the Riemann solution for the equation 
𝜕2𝑢

𝜕𝑥𝜕𝑦
= 𝐹(𝑥, 𝑦) given that (i) 𝑢 = 𝑓(𝑥)on Γ, (ii) 

𝜕𝑢

𝜕𝑥
=

𝑔(𝑥) on Γ, where Γ is the curve 𝑦 = 𝑥. (15) 

(OR) 

(d) Explain the canonical form for second order elliptic partial differential equation and reduce the 

following equation (1 + 𝑥2)𝑢𝑥𝑥 + (1 + 𝑦2)𝑢𝑦𝑦 + 𝑥𝑢𝑥 + 𝑦𝑢𝑦 = 0 to a canonical form. (15) 

 

3. (a) Derive Poisson’s equation.  (5) 

(OR) 

(b) Obtain the solutions of Laplace’s equation in cylindrical coordinates.  (5) 

 
(c) Solve the interior Dirichlet’s problem for a circle. (15) 

(OR) 

(d) Solve the PDE ∇2𝑢 = 0,0 ≤ 𝑥 ≤ 𝑎, 0 ≤ 𝑦 ≤ 𝑏, subject to the boundary condition 𝑢𝑥(0, 𝑦) =
𝑢𝑥(𝑎, 𝑦) = 0, 𝑢𝑦(𝑥, 0) = 0, 𝑢𝑦(𝑥, 𝑏) = 𝑓(𝑥). (15) 

 

 

4. (a) Solve the 3-dimensional diffusion equation 
𝜕𝑇

𝜕𝑡
= 𝛼∇2𝑇 where 𝑇 = 𝑇(𝑟, 𝜃, 𝑧, 𝑡).   (5) 

(OR) 

(b) Derive the periodic solutions of one-dimensional wave equation in spherical polar coordinates.  (5) 

 

(c) Obtain the solution of the equation 𝑢𝑡𝑡 − 𝑐2𝑢𝑥𝑥 = 0 under the following conditions:       (i) 𝑢(0, 𝑡) =

0, (ii) 𝑢(2, 𝑡) = 0, (iii) 𝑢(𝑥, 0) = 𝑠𝑖𝑛3 𝜋𝑥

2
, and (iv) 𝑢𝑡(𝑥, 0) = 0. (15) 

(OR) 
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(d) Solve the one-dimensional diffusion equation in the region 0 ≤ 𝑥 ≤ 𝜋, 𝑡 ≥ 0 subject to the 

conditions (i) T remains finite as 𝑡 → ∞, (ii) 𝑇 = 0, if 𝑥 = 0, 𝜋 for all t, and (iii) At 𝑡 = 0, 𝑇 =

{
𝑥        ∶    0 ≤ 𝑥 ≤ 𝜋/2
𝜋 − 𝑥  ∶ 𝜋/2 ≤ 𝑥 ≤ 𝜋

. (15) 

 

5. (a) Use Green’s function technique to solve the Dirichlet’s problem for a semi-infinite space.  (5) 

(OR) 

(b) Find the Green’s function for the Dirichlet problem on the rectangle ℝ: 0 ≤ 𝑥 ≤ 𝑎, 0 ≤ 𝑦 ≤ 𝑏, 

described by the partial differential equation (𝛻2 + 𝜆)𝑢 = 0 in ℝ and the boundary condition 𝑢 = 0 

on 𝜕ℝ.  (5) 

(c) Show that the solution of the Dirichlet’s problem is reduced to the determination of Green’s function.

 (15) 

(OR) 

(d) State and prove Helmholtz theorem. (15) 
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