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      23MMAC09 Partial Differential Equations 
 

Course Outcomes: 

CO1: Solve linear and non-linear partial differential equations of first order and second order.  
CO2: Determine special types of first order equations.   
CO3: Find the solution of Hyperbolic equations.    

CO4: Apply the Dirichlet and Neumann boundary value problems in scientific fields.  

CO5: Solve various real life problems by formulating them into partial differential equations 
 

                                                                         Part A                                       10 x 1 = 10        
 Choose the Correct Answer 

 

    1.  Recall that the partial differential equation of the form 𝑃𝑝 + 𝑄𝑞 = 𝑅 is referred to as    CO1K1 

    a. Euler’s equation                 b. Laplace’s equation 

    c. Maxwell’s equation             d. Lagrange’s equation   

 

2.  Infer that, along every characteristic strip of the equation 𝐹(𝑥, 𝑦, 𝑧, 𝑝, 𝑞) = 0, 

     the function 𝐹(𝑥, 𝑦, 𝑧, 𝑝, 𝑞) is                                                                               CO1K2 

     a. a constant      b. not a constant       c. zero  d. continuous  

 

3. Identify the complete integral of the equation 𝑝𝑞 = 1 among the following.              CO2K2 

     a. 𝑎𝑥 + 𝑎𝑦 − 𝑧 = 𝑐       b. 𝑎2𝑥 + 𝑦 − 𝑎𝑧 = 𝑐  

     c. 𝑎2𝑥 + 𝑎2𝑦 − 𝑧 = 𝑐          d.         𝑎𝑏 = 1  

 

4. Observe that the first-order partial differential equation is separable if it can be  

    written in the form       CO2K1 

    a. 𝑓(𝑥, 𝑞) = 𝑔(𝑦, 𝑝)    b. 𝑓(𝑥, 𝑦) = 𝑔(𝑝, 𝑞)  

    c. 𝑓(𝑥, 𝑝) = 𝑔(𝑦, 𝑞)             d. 𝑝𝑥 = 𝑞𝑦  

 

5. Order in which the linear factors occur is unimportant if the operator 𝐹(𝐷, 𝐷′) is    CO3K2 

    a. reducible b. irreducible     c. differentiable               d. integrable 

 

6. Identify the one-dimensional diffusion equation among the following:                    CO3K2 
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7. Recall that, if the function  𝜓(𝑥, 𝑦, 𝑧) is a solution of Laplace’s equation, the        CO4K1 

     one-parameter system of surfaces 𝜓(𝑥, 𝑦, 𝑧) = 𝑐 is called a family of ______ surfaces.  

     a. equivalent  b. equipotential         c.  equal       d. equicontinuous  

 



 

8.  Recognise the general form of potential function of surfaces                          CO4K1 

       𝑥2 + 𝑦2 + 𝑧2 = 𝑐𝑥
2

3⁄  from the following.    

     a.𝜓 = 𝐴(𝑥2 + 𝑦2 + 𝑧2)
1

2⁄ + 𝐵        b.𝜓 = 𝐴(𝑥2 + 𝑦2 + 𝑧2)
3

2⁄ + 𝐵  

     c. 𝜓 = 𝐴(𝑥2 + 𝑦2 + 𝑧2)−1
2⁄ + 𝐵      d. 𝜓 = 𝐴(𝑥2 + 𝑦2 + 𝑧2)−3

2⁄ + 𝐵 

 

9.  Select the correct answer: General solution of the wave equation is given by           CO5K1 

     a. 𝑦 = 𝑓(𝑥 + 𝑐𝑡) + 𝑔(𝑥 − 𝑐𝑡)   b.𝑦 = 𝑓(𝑥 + 𝑐2𝑡) + 𝑔(𝑥 − 𝑐2𝑡) 

    c. 𝑦 = 𝑓′(𝑥+𝑐𝑡) + 𝑔′(𝑥 − 𝑐𝑡)     d. 𝑦 = 𝑓′(𝑥 + 𝑐2𝑡) + 𝑔′(𝑥 − 𝑐2𝑡) 

 

10. Observe that the three-dimensional wave equation ∇2𝜓 =
1

𝑐2

𝜕2𝜓  

𝜕𝑡2
   has the  

      solutions of the form _________ provided that 𝑘2 = 𝑙2 + 𝑚2 + 𝑛2.                    CO5K1 

a. 𝑒𝑖(𝑙𝑥+𝑚𝑦+𝑛𝑧+𝑘𝑐𝑡)              b.  𝑒(𝑙𝑥+𝑚𝑦+𝑛𝑧+𝑘𝑐𝑡) 

c. 𝑒±𝑖(𝑙𝑥+𝑚𝑦+𝑛𝑧+𝑘𝑐𝑡)             d.  𝑒±(𝑙𝑥+𝑚𝑦+𝑛𝑧+𝑘𝑐𝑡) 

 

                                                                 Part B                                  5 x 6 = 30 

Answer ALL questions 

Each answer should not exceed 400 words or two pages 

 

11.a. Developthe integral surface of the linear partial differential equation  

𝑥(𝑦2 + 𝑧)𝑝 − 𝑦(𝑥2 + 𝑧)𝑞 = (𝑥2 − 𝑦2)𝑧 

         which contains the straight line 𝑥 + 𝑦 = 0, 𝑧 = 1.                                                               CO1K3 

(or)  

11.b. Write the definitions of complete integral, general integral and singular integral 
        in finding the solution of the equation 𝐹(𝑥, 𝑦, 𝑧, 𝑝, 𝑞) = 0 where the function 

         𝐹 is not necessarily linear in 𝑝 and 𝑞.                                                               CO1K3 

  
12.a. Show that the equations 𝑥𝑝 = 𝑦𝑞, 𝑧(𝑥𝑝 + 𝑦𝑞) = 2𝑥𝑦 are compatible and find their 

          solution.                                                                                                  CO2K4 

(or) 

12.b. Find a complete integral of the equation (𝑝2 + 𝑝2)𝑦 = 𝑞𝑧.                CO2K3 

 

13.a. Show that 𝐹(𝐷, 𝐷′)𝑒𝑎𝑥+𝑏𝑦 = 𝐹(𝑎, 𝑏)𝑒𝑎𝑥+𝑏𝑦                                                                        CO3K3 

(or) 

13.b. Explain the method of separation of variables for solving second-order 
        linear partial differential equations.                                                              CO3K4 
 
         

14.a.Write a brief description on equipotential surfaces.                                 CO4K3 
(or) 

14.b. Show that the surfaces 𝑥2 + 𝑦2 + 𝑧2 = 𝑐𝑥
2

3⁄  can form a family of equipotent 

        surfaces.                                                                                  CO4K4   
 
  

15.a. Establish d’Alembert’s solution of the one-dimensional wave equation.          CO5K3  

(or) 

15.b. A thin membrane of great extent is released from rest in the position 

           𝑧 = 𝑓(𝑥, 𝑦).  Determine the displacement at any subsequent time using  

         integral transforms.                                                                                 CO5K3  
                                                      
 

 
 



            Part C                                                     5 x 12 = 60 
 Answer ALL questions 

Each answer should not exceed 800 words or four pages 

 

16. a. Formulate the proof for the following: The general solution of the linear partial          CO1K6 

         differential equation 𝑃𝑝 + 𝑄𝑞 = 𝑅 is 𝐹(𝑢, 𝑣) = 0 where 𝐹 is an arbitrary  

         function and 𝑢(𝑥, 𝑦. 𝑧) = 𝑐1 and 𝑣(𝑥, 𝑦. 𝑧) = 𝑐2 form a solution of the equations 
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.        

(or) 

16.b. Estimate the solution of the equation 𝑧 =
1

2
(𝑝2 + 𝑞2) + (𝑝 − 𝑥)(𝑞 − 𝑦) which passes  

         through the x-axis.                                                                                                CO1K5 
          

17.a. Conclude that the only integral surface of the equation 2𝑞(𝑧 − 𝑝𝑥 − 𝑞𝑦) = 1 + 𝑞2         CO2K5 

        which is circumscribed about the paraboloid  2𝑥 = 𝑦2 + 𝑧2 is the enveloping cylinder  

        which touches it along its section by the plane 𝑦 + 1 = 0.   

(or) 

17. b. Summarize the fundamental idea of Jacobi’s method of solving the  

         equation  𝐹(𝑥, 𝑦, 𝑧, 𝑝, 𝑞) = 0 and use this to solve 𝑝2𝑥 + 𝑞2𝑦 = 𝑧.                                             CO2K5 

 

18.a. Solve the equation       
𝜕2𝑧

𝜕𝑥2 −
𝜕2𝑧

𝜕𝑦2 = 𝑥 − 𝑦.                                                                                            CO3K6 

(or) 

18.b. Solve the equation 
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 using the method of separation of variables and  
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19.a. Convince that the surfaces(𝑥2 + 𝑦2)2 − 2𝑎2(𝑥2 − 𝑦2) + 𝑎4 = 𝑐 can form a                     CO4K5 

        family of equipotent surfaces, and find the general form of the corresponding 
        potential function.   

(or) 

19.b. A uniform circular wire of radius 𝑎 charged with electricity of line density 𝑒  

        surrounds grounded concentric spherical conductor of radius 𝑐. Determine the  

         electrical charge density at any point on the conductor.                                             CO4K6 

 

20.a. Solve  ∇1
2𝑧 =

1

𝑐2

𝜕2𝑧

𝜕𝑡2  with boundary condition 𝑧 = 0 on Γ for all 𝑡 and the initial           CO5K6 

        conditions 𝑧 = 𝑓(𝑥, 𝑦),
𝜕𝑧

𝜕𝑡
= 𝑔(𝑥, 𝑦), 𝑡 = 0, (𝑥, 𝑦) ∈ 𝑆 using the method of separation  

        of variables. Assume that Γ is a rectangle formed by the lines 𝑥 = 0, 𝑥 = 𝑎, 𝑦 = 0, 𝑦 = 𝑏.   

(or) 

20.b. The points of trisection of a string are pulled aside through a distance 𝜀 on opposite     CO5K5 

        sides of the position of equilibrium, and the string is released from rest. Estimate an  
        expression for the displacement of the string at any subsequent time and show that the  
        mid-point of the string always remains at rest.    

 
 
 
 

****** 

 
 


