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TITLE: CALCULUS OF SEVERAL VARIABLES          CREDIT UNIT: 3                                

TOTAL: 70 MARKS 

INSTRUCTION: QUESTION ONE (1) IS COMPULSORY AND ATTEMPT ANY OTHER 4     

 

1a) Define the following; 

i) A real-valued function of two variables? 

ii) Partial derivative of a function of two or more variables with respect to one of 

its variables 

iii) Total derivative of the function (𝑥, 𝑦, 𝑧, … , 𝑢) . Hence evaluate the total 

derivatives of  𝐹(𝑥, 𝑦, 𝑧) = 4𝑥2𝑦3 + 𝑧2 and  𝐹(𝑥, 𝑦, 𝑧) = 2𝑥2𝑦3 − 3𝑧2 

  b) Let 𝑓 be a function defined by 𝑓(𝑥, 𝑦) = (𝑥2 + 𝑦, 𝑥𝑦). 

       Find    i) 𝑓(2,3)  ii) 𝑓(3,2)   iii) 𝑓(−2, −3) 

  c) State the Clairaut’s Theorem. Verify the theorem with 𝐹(𝑥, 𝑦) = 𝑦2𝑒2𝑥 + cos 4𝑦                                                                                

                                                                                                                          18marks 

 

 2) Let 𝑓, 𝑔 and ℎ be functions defined by 𝑓(𝑥) = 7𝑥 − 3 , 𝑔(𝑥) = 𝑥 + 2 and     

       ℎ(𝑥) = 3𝑥2 − 7𝑥 − 5.   Find: 

   i) ℎ(𝑥 − 2)  ii) 𝑓(𝑔(𝑥))   iii) 𝑔(𝑓(𝑥))  iv) (𝑓 + 𝑔)(𝑥)   v)  ℎ (𝑔(𝑓(𝑥)))     13marks 

 

 3) Let 𝑥 = 𝑟 cos 𝜃 and 𝑦 = 𝑟 sin 𝜃. What is the Jacobian determinant (𝑟, 𝜃)? 5marks 

     Obtain the Jacobian determinant such that 

       𝑦1 = 5𝑥2  ;   𝑦2 = 4𝑥1 − 2 sin(𝑥2𝑥3) and  𝑦3 = 𝑥2𝑥3                                8marks 
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 4a) Find 𝑓𝑥𝑥 , 𝑓𝑥𝑦 , 𝑓𝑦𝑥 , 𝑓𝑦𝑦  of the following:  

i) 𝑓 = 2𝑥3 − 𝑥𝑦2 − 𝑦4                                                                           3marks 

ii)  𝑓 = 3𝑒−𝑥𝑦 − 𝑦 cos 𝑥                                                                          3marks 

b) Let 𝑧 = 𝑒cos 𝑥2
. Solve  

𝑑𝑧

𝑑𝑥
 by the chain rule.                                            7marks 

 5)  Find 
𝜕𝑧

𝜕𝑥
 and 

𝜕𝑧

𝜕𝑦
 for each of the following implicit functions:        

i) 𝑧2 − 2𝑥4𝑦𝑧3 = 3𝑥3 − 𝑦2                                                                  6 marks 

ii) 𝑦 cos(4𝑥𝑧) = 2𝑧3 − 𝑥2 𝑠𝑖𝑛(2𝑥𝑦)                                                     7marks 

 

6 a) Compute a second order Taylor Series expansion around the origin of the function     

               𝑓(𝑥, 𝑦) = 𝑒𝑥 log(1 + 𝑦)                                                                   3.5marks 

   b) State the i) necessary   ii) sufficient conditions for a maxima or minima of the 

function:    

                              𝑧 = 𝑓(𝑥, 𝑦).                                                                          5marks  

  c) Hence find the maxima and minima of the function 𝑧 = 2𝑥2 + 𝑥𝑦 −  𝑦2 + 𝑦                          

                                                                                                                         4.5marks 
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