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INSTRUCTIONS: Answer question one and any other two questions 

 

QUESTION ONE – (30 MARKS) 

 

(a) Three forces of 4𝑁, 6𝑁 𝑎𝑛𝑑 8𝑁 act on a point as show in Fig. 1.  Calculate the 

magnitude of the resultant force and its direction relative to the 4N force. (4 Marks) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Given that ktjttitttr ˆˆcosˆsin)( 2


, compute  
dt

rd
at 

2


t . (3 Marks) 

(c) A surface has an equation given by 𝑥3 + 3𝑥𝑦 + 𝑧2 = 11.  Find the equation of the 

tangent plane to this surface at the point  1, 2, 2 .       (4 Marks) 
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(d) Find the parametric equations and the rectangular equations for the line through the 

points 𝑃 3, 2, 1 𝑎𝑛𝑑 𝑄(−1, 2, 4).        (4 Marks) 

 

(e) Given that kjicandkjibkjia ˆˆ2ˆ3ˆ2ˆˆ,ˆ3ˆ3ˆ 


, find the angle between 

vectors ba


  and cb


2 .       (4 Marks) 

 

(f) The Cartesian equation of a cone is given by 𝑥2 + 𝑦2 = 𝑧2.  Find an equation for this 

cone in spherical co-ordinates (simplify your answer).   (3 Marks) 

 

(g) Find div F


at the point  1,2,3  given that   kzjyeiyezyxF xx ˆˆcosˆsin,, 2


.  

          (4 Marks) 

 

(h) Evaluate dyxydx
c  2

where c is the parabolic arc given by  𝑦 = 4𝑥 − 𝑥2 from  5,0  to 

 2, 3             (4 Marks) 

 

QUESTION TWO – (20 MARKS) 

 

(a) Given that kjibkjia ˆ2ˆˆ2,ˆˆˆ3 


 and kjic ˆˆˆ 


 

i. Find a unit vector normal to the plane containing vectors  cbaa


.  and c


. 

         (5 Marks) 

ii. Show that the normal to the plane containing the vectors banda


 and the normal 

to a plane containing vectors  bcb


. are parallel.   (5 Marks) 

(b) The vector    kttjtittr ˆˆsin3ˆcos3 23 


gives the position of a moving body at time 

t.  Find the times at which the body’s velocity and acceleration are orthogonal.  

          (5 Marks) 

(c) Compute the values of constant 𝑎, 𝑏, 𝑐 so that the directional derivative of 
322 xczbyzaxy   at  1,2,1   has a maximum of magnitude 64 in a direction 

parallel to the z-axis.        (5 Marks) 

 

QUESTION THREE – (20 MARKS) 

 

(a) (i) State Green’s theorem in the plane.     (2 Marks) 

 

(ii) Verify Green’s theorem in the plane for   ydyxdxxxy
c

22  where c is a triangle 

     1,1,0,1,0,0 BAO        (10 Marks) 
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(b) Given that     kzjyixzyxGkyjxizyxF ˆˆˆ,,,ˆ2ˆ3ˆ,, 


, find  GF


   

          (5 Marks) 

(c) Use vector method to show that the points      8,2,14,6,0,6,5,1,2 RQP   are collinear. 

          (3 Marks) 

QUESTION FOUR – (20 MARKS) 

 

(a) A space curve is represented by the vector equation   kejteitetr ttt ˆˆsinˆcos 


. 

Compute (simplifying your answers): 

i. The unit tangent vector, T


of the curve.    (4 Marks) 

ii. The principal normal, N


of the curve     (3 Marks) 

iii. The Binomial vector,  B       (3 Marks) 

(b) Convert the point 







1,

4
,3


from cylindrical coordinates to rectangular coordinates.  

          (2 Marks) 

(c) Given that kjiA ˆ6ˆ3ˆ2 


 and ,ˆ4ˆ4ˆ2 kjiB 


 find Bproj
A


   (3 Marks) 

(d) Using the curl test, determine whether  

      kxyzjxzyxiyzyxzyxF ˆ2ˆ2ˆ3,, 23222 


 is conservative and if it is, find a 

scalar function associated with  zyxF ,,


such that  zyxF ,,


   (5 Marks) 

 
 


