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INSTRUCTIONS:  Answer  Question ONE and any other TWO Questions 

 

 Q1. a) Given the vectors 2i +j-3k and i+5j+6k. Find  
i) A vector perpendicular to both of them          (3marks) 
ii) The angle between them.                              (3marks) 

 
b) Work out 1100 +0111                                                          (2marks)   
                                                                                            
c) Find the volume of the parallelepiped whose adjacent edges are 

represented by the  vectors a=(1,2,3) b=(4,5,6) and c =(7,8,0)                                              
                        (4marks) 

 

d)  Verify sinh 𝑥 + cosh 𝑥 = 𝑒𝑥                                                   (4marks) 
 

e) Given A= (𝑥2𝑦𝑧𝑖 − 2𝑥𝑧3𝑗 + 𝑥𝑧2𝑘 𝑎𝑛𝑑 𝐵 = 2𝑧𝑖 + 𝑦𝑗 − 𝑥2𝑘                                                     

evaluate 
𝜕3(𝐴×𝐵)

𝜕𝑦𝜕𝑥𝜕𝑧
  at (1, 0,-2)                                                   (4marks) 

 
f)  Convert the following numbers to octal 

(i)  10110102 

(ii)   11100110011002                                             (6 marks)     
                          

  g) Express 
(6+𝑖)(2−𝑖)

(4+3𝑖)(1−2𝑖)
 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑜𝑟𝑚 𝑎 + 𝑖𝑏.                               (4marks)                                                       

                             
Q2.  a) Prove  𝐴 ∙ (𝐵 × 𝐶) = 𝐵 ∙ (𝐶 × 𝐴) = 𝐶 ∙ (𝐴 × 𝐵)                             (5marks)       
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  b)  Given 𝑟1 = 2𝑖 − 𝑗 + 𝑘    𝑟2 = 𝑖 + 3𝑗 − 2𝑘    𝑟3 = −2𝑖 + 𝑗 − 3𝑘 𝑎𝑛𝑑 𝑟4 = 3𝑖 +
                             2𝑗 + 5𝑘 

Find the scalars a, b and c such that 𝑟4 = 𝑎𝑟1 + 𝑏𝑟2 + 𝑐𝑟3       (5marks)  
     

c)  A particles moves along the curve 𝑥 = 2𝑡2, 𝑦 = 𝑡2 − 4𝑡  , 𝑧 = 3𝑡 − 5 where t 
is the time. Find the component of its velocity and acceleration at time 𝑡 =
1 in the direction 𝑖 − 3𝑗 + 2𝑘                                           (6marks)      

 

d) Use the definition of the hyperbolic function cosh 𝜃 andsinh 𝜃 to show that                       

                         cosh2 𝜃 − sinh2 𝜃 = 1                                                               (4marks)      
 

Q3. a)  Given the space curve𝑥 = sin 2𝑡 , 𝑦 = cos 2𝑡  𝑧 = 𝑡.  Find  
i) Unit vector T and curvature K. Hence determine the unit 

normal vector N       (4marks)                              
ii) Binormal vector B and the torsion τ                  (4marks)        

                       

b)  Given that  𝑧1 = 1 + 3𝑗    𝑧2 = 2 + 5𝑗      𝑧3 = −3 − 4𝑗 . Determine in terms of 
𝑎 + 𝑏𝑗 

i)  𝑧1 + 𝑧2 − 𝑧3                                                (4marks)  
   

ii) 
𝑧1𝑧2

𝑧1+𝑧2
                                                          (4marks)  

   

iii) 𝑧1𝑧2𝑧3                                                    (4marks)    
 

Q4.  a) Given the space curve𝑥 = 𝑡, 𝑦 = 𝑡2 𝑧 =
2

3
𝑡3.  Find  

i) Unit tangent vector T and curvature K. Hence determine the unit 
normal vector N.                                                                

ii) Binormal vector B and the torsion τ                                 (10 marks) 
 

b)  Convert the following to decimal 
                                   (𝑖)    11002        
                                  (𝑖𝑖)  168         
                                   (𝑖𝑖𝑖)   111100.011012                                                  (6marks) 
 

c) Prove that the radius of the curvature of the curve with parametric 
equations 

 𝑥 = 𝑥(𝑠), 𝑦 = 𝑦(𝑠), 𝑧 = 𝑧(𝑠)𝑖𝑠 𝑔𝑖𝑣𝑒𝑛 𝑏𝑦 

   𝜌 = [(
𝑑2𝑥

𝑑𝑠2)
2

+ (
𝑑2𝑦

𝑑𝑠2)
2

+ (
𝑑2𝑧

𝑑𝑠2)
2

]
−1

2⁄

                              (4marks) 

 
Q5.  a) The path of particle moving on a curve in space has its position  

vector  𝑟 = 3 cos 𝑡𝑖 + 3 sin 𝑡𝑗 + 𝑡2𝑘 . Find  
i) velocity 
ii) acceleration                                                         (4marks) 
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b) Show that the acceleration 𝛼 of a particle which travels along a space 

curve with velocity v is given by 𝛼 =
𝑑𝑣

𝑑𝑡
𝑇 +

𝑣2

𝜌
𝑁                     (4marks) 

 

c) A particle moves so that its position vector is given by 𝑟 = cos 𝜔𝑡𝑖 + sin 𝜔𝑡𝑗 
where 𝜔 is a constant. Show that  

i) the velocity v of the particle is perpendicular to r 

ii) the acceleration𝛼 is directed towards the origin and has 
magnitude proportional to the distance from the origin 

iii) 𝑟 × 𝑣 = 𝑎 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑣𝑒𝑐𝑡𝑜𝑟.                            (8marks) 
 

d)  Express √3 − 𝑖 in polar form.                                                (4marks) 
 

 

*END* 


