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Trial Examination 2

Question 1

A car travels along a highway and its position vector is  r 
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. Distance is measured in km, time t in h and speed in kmh-1. The car passes an intersection at 
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a.    Find, in exact form, the position, velocity and speed of the car at the intersection.                        3 marks

b. i and the x-axis point to the east, j and the y-axis to the north. Show that the cartesian equation of the highway is 
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.                                                                                                             3 marks

c.    Sketch the graph of the section of the highway covered by the car.                                                2 marks

d.  At the intersection the straight crossroad makes 
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 angle with the highway.

 A unit vector parallel to the crossroad is 0.933i + 0.360j. Show how this unit vector is obtained.

                                                                                                                                                           3 marks

e.    Find the cartesian equation (correct to 3 significant figures) of the crossroad.                               2 marks

Question 2   

a.    Show that 
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 in the Argand plane is equivalent to 
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       cartesian plane.                                                                                                                                 3 marks

b.    Sketch 
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 in the Argand plane.                                                                              2 marks

c.    Show that 
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 yields the same cartesian equation as in a.                              2 marks

d.    Show that the area enclosed by the ellipse is given by 
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e.    Use the substitution 
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 to calculate A.                                                                          3 marks

f.     Use dilations and translation of the unit circle at the origin to justify your answer to e.               2 marks

Question 3    A postman on a motorcycle travels along a straight stretch of road. His velocity is given by 
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 where v is in kmh-1 and t in h.

a.    Express 
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.                                                                                      3 marks

b.    Sketch the velocity-time graph of the postman.                                                                                1 mark

c.    Use calculus to find the total distance (to the nearest km) travelled by the postman.                     3 marks

d.  Use calculus to find the maximum acceleration (speeding up) of the postman. Express your answer in

       ms-2 to 3 decimal places.

                                                                                                                                                                 2 marks                                  

A different postman covering the same route has a velocity given by 
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 where v is in kmh-1, and x in km is the displacement of the postman from the initial position.

e. Use graphics calculator to find the acceleration of the postman after covering a distance of 10 km. 

      Express your answer to the nearest kmh-2.

                                                                                                                                                                 2 marks

Question 4    A 10-kg object sliding down an inclined plane experiences force of friction between the object and the inclined plane, and air resistance. The force of friction is directly proportional to the normal reaction of the plane on the object. The air resistance is directly proportional to 
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, where v is the speed of the object in ms-1. Force is in newtons and time in seconds. Let 
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 and k be the constants of proportionality for friction and air resistance respectively. The plane inclines at 30o to the horizontal. 

a. Draw a diagram showing accurately all the forces on the object sliding down the inclined plane. Name the forces.                                                                                                                                         2 marks

b. Show that 
[image: image21.wmf]3

5

1

=

m

 and 
[image: image22.wmf]100

g

k

=

 if the resultant force 
[image: image23.wmf]g

R

4

=

 when 
[image: image24.wmf]0

=

v

, and 
[image: image25.wmf]g

R

99

.

3

=

 when

       
[image: image26.wmf]1

=

v

.                                                                                                                                                3 marks

c.    Taking 
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Nkg-1, show that the equation of motion is 
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.                                   2 marks

d.    Show that the terminal speed of the object is 7.37 ms-1.                                                                   1 mark

e.  The object starts from rest. Use Euler’s method ( first-order approximation) with step size 
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       estimate the time when terminal speed is reached.

                                                                                                                                                                 3 marks

f.    Plot the speed-time graph of the object.                                                                                             1 mark
Question 5    A large water-storage tank is in the shape of the solid of revolution formed by rotating the curve 
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 about the y-axis.

a.    Sketch the graph of f.                                                                                                                         1 mark

b.    The tank is filled with water to a depth of h metres. Show that the volume (m3) of water in the tank is 
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.                                                       3 marks

The rate (m3 per minute) that water is pumped into the tank is inversely proportional to the rate of increase in the depth, 
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c.    Show that the rate (m per minute) of increase in the depth of water is 
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d.    Show that 
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.                                                                                                    2 marks

e.    Determine the depth (in metres, correct to 2 decimal places) of water in the tank 15 minutes after filling
       starts.                                           
                                                                                                                                                                  1 mark
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