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QUESTION 1  (15 Marks)                                  Marks 

 

(a) Neatly draw the graph of the curve 4=xy .        4 

 Show clearly the vertices, foci and the equations of the directrices and asymptotes. 

  

 

(b) The area bounded by the curves 52
2
+= xy   and 06 =−+ yx  is rotated about the    

 x-axis as shown in the diagram below.  When the region is rotated, the vertical line 

 segment l , at a distance x from the y-axis, sweeps out an annulus. 

 

 

   
 

 (i) Find an expression for the area of the annulus swept out by l.    1 

 

 (ii) Hence calculate the volume of the solid of revolution.     3 

 

 

 (c) Two masses A and B, 3 kg and 2 kg respectively, are attached by a 4 m light inextensible string 

 which passes through a small hole in a smooth horizontal table. Mass A moves in a circle on the 

 table at a uniform angular speed of 2 radians/sec.  Mass B moves as a conical pendulum with the 

 same angular speed as mass A and is in contact with the smooth floor so that the string  

 remains taut.  (take 10=g  m/s
2
.) 

 
   

 (i) Draw force diagrams for masses A and B.       2 

 

 (ii) Show that the tension in the string is 219⋅  N.      3 

 

 (iii) Calculate the value of the normal reaction that the floor exerts on mass B,    2 

  if the table is 1 m above the floor.         
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QUESTION 2 (15 Marks)  START A NEW PAGE      Marks 

 

(a) (i) Find the equation of the normal to the curve 16=xy at the point when 2=x .  2 

 

 (ii) This normal cuts the x-axis at A and the y-axis at B.  Find the area of the    2 

  AOB∆ , where O is the origin. 

 

 

(b) ABC∆ has vertices )0,(mA , )0,( mB − and ),0( mC as shown in the diagram below.   

 

.                           

 
  

 

 The triangle is rotated about the line mx 2= .   

 

 (i) Use cylindrical shells to show that the volume of the solid of rotation is given  

  by mAV π4= , where A is the area of ABC∆ .      3 

 

 (ii) Hence find the volume of the solid formed.       1 

   

 

(c) A particle of mass 2 kg falls vertically from rest, from a point P, through a substance 

  with resistance of kv Newton, where k is a positive constant and v m/s is the velocity 

  of the mass at time t seconds. 

 

 (i) Draw a diagram showing all forces acting on the particle.     1 

 

 (ii) Show that the terminal velocity of the particle is  
k

g
V

2
=  m/s,     1 

  where g is the acceleration due to gravity. 

      

 (iii) Find an expression for the velocity of the particle at time t.     2 

 

 (iv) At the same time that the first mass was released, an equal particle is projected   3 

  vertically upwards from point P with an initial velocity U m/s, in the same substance.   

 

  Show that the velocity of the first mass when the second mass is momentarily  

  at rest is given by  
( )UV

VU
v

+
=     where V is the terminal velocity of the first particle. 
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QUESTION 3 (15 Marks)  START A NEW PAGE      Marks 

 

(a) (i) Prove that the point of intersection T of the tangents at 








p

c
cpP ,  and 









q

c
cqQ , ,  3 

  on the hyperbola 2
cxy = , is 









++ qp

c

qp

cpq
T

2
,

2
. 

 

 

 (ii) Find the equation of the chord PQ.        1 

 

 (iii) The line though points O and T meets the chord PQ at R, where O is the origin.   3 

  Find the coordinates of R. 

 

 (iv) Show that R bisects the interval PQ.        1 

 

 

 

(b)  The diagram shows a particle moving in a circular path of radius r metres with  

  variable angular velocityθ&  rad/sec.    . 

 

 

 

 
  

  

 (i) Write down the tangential and normal components of the acceleration    2 

  for the particle in terms of θ&  and θ&& . 

 

 (ii) When the particle has moved through an arc length of s metres and an angular              2

  distance of θ  radians,  show that  

     
θdr

v
d

s










=

2

2

1

&&  where v m/s is the speed of the particle. 

 (iii) A small ball of mass 40 g slides around in a narrow horizontal circular tube  

  of radius 3 m.  The initial speed of the particle is 5 m/s and there is a frictional  

  resistance force in the tube of 10⋅  N. 

 

   

 (α ) Write down the equation of motion of the ball in terms of θ&& .    1 

 

 (β ) Calculate the distance travelled by the ball before coming to rest.                    2 
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QUESTION 4 (15 Marks)                       Marks 

 

(a) A resistance force of ( )2vcmk +  N acts directly against the motion of a particle 

  moving in a horizontal straight line. The mass of the particle is m kg, v m/s is its velocity 

  and k and c are positive constants.  Initially the particle has a velocity U  m/s (U>0)  

 and comes to rest after it has travelled D metres.  

 When it has travelled half this distance its speed is 
2

U  m/s. 

 (i) Write the equation of motion for the particle.       1 

 

 (ii) Show that 






 +
=

c

Uc

e
k

D

2

log
2

1
        2 

 

 (iii) Find the total distance D covered when 10⋅=k .       2 

 

 

(b) A storage shed is built with a horizontal circular base of radius 20 m.  Vertical cross-sections 

 are trapezia with heights equal to their base lengths and tops half the base length as shown in the 

 diagram below. 

 

 
 

 

 Calculate the volume to the storage shed.        4 

 

 

(c) (i) Shade the region represented by 9)2( 22
≤+− yx  for 0≥x  on a number plane  1 

 

 (ii) The shaded region described above is rotated about the y-axis,     2 

  Use the method of cylindrical shells to show that 

  xxxV ∆−−≈∆
2
)2(94π  for a cylinder of radius x units.      

 

 (iii) Hence find the volume of the solid formed.       3 

 

 

 

 

END OF EXAMINATION 
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