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Question 1

a.    Show that the derivative of 
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 is 
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b.    Using the substitution 
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 and the result in part a, show that 
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c.    Express 
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 in terms of x.                                                                                                               1 mark

d.    Use calculus to find the exact area bounded by the curve 
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, the x-axis, 
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Question 2

Let N be the population of a particular species. The rate of change of this population is given by
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where a and k are positive constants.

a.    Given that 
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, show that the solution to differential equation (1) is 
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b.    Show that   
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 can be expressed as 
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c.    Determine the eventual population.                                                                                                  1 mark

d.    Find 
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 in terms of t and the positive constants a, b and k.                                                         2 marks

e.    If the rate of change in population is given by 
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, describe with brief explanation the rate

       as increasing, decreasing or constant when 
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Question 3

a.    Given 
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, where a and b are real numbers, show that 
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b.    Hence find all the linear factors of 
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c.    Hence show that 
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d.    Plot all the roots of 
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 in the complex plane.                                                                           2 marks

e.    Plot all the roots of 
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 in another complex plane.                                                                    2 marks

f.    Show that the exact value of 
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g.    Hence, or otherwise, find all the roots of 
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 in exact 
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Question 4

A 50.0 kg crate is initially at rest on a ramp inclined at 20.0o to the horizontal. The coefficient of friction between the crate and the ramp is 0.400. 
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a.    In the above figure draw arrows to represent the forces acting on the crate. The direction of the arrows

       must be accurate. Label each arrow with the quantity that it represents, e.g. weight etc.                2 marks

b.    Calculate the friction force that prevents the crate from sliding.                                                       1 mark

Now the crate is pushed with a horizontal force of 468 newtons to move it up the ramp.

c.    Show that the normal reaction of the ramp on the crate is 621 newtons and the friction force against

       motion is 248 newtons.                                                                                                                      3 marks

d.    Show that the crate accelerates at a rate of 0.484 ms-2.                                                                     3 marks

e.    Find the speed and the displacement of the crate after 5.00 seconds.                                               2 marks

The horizontal force is removed and the crate starts to slow down.

f.    Find how far further up the ramp before it comes to a stop.                                                             2 marks

Question 5

The normal to a reflective surface bisects the angle formed by the incident ray and the reflected ray as shown in the following figure. Consequently, the two rays make equal angle with the tangent to the curve at the incident point, i.e. 
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Consider the curve of a reflecting surface defined by s = t i + t2 j and an incident ray with equation 

r = c i + t j , where c is a positive real constant and t is parameter in the equations.

a.    Find the derivative of r with respect to t to show that the derivative is a unit vector.                        1 mark

b.    Show that the point on curve s hit by incident ray r is (c, c2).                                                            1 mark

c.    Sketch the graphs of curve s and incident ray r on the same set of axes.                                          2 marks

d.    Find the derivative of s with respect to t at the incident point (c, c2) in terms of c.                           1 mark

e.    Find unit vector 
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 parallel to the tangent to curve s at (c, c2).                                                          2 marks

f.     Show that the cosine of the angle between the incident ray and the tangent to curve s at (c, c2) is

                                                                    
[image: image39.wmf]2

4

1

2

cos

c

c

+

=

q

.                                                                  1 mark

g.    Let 
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 be a unit vector parallel to the reflected ray at (c, c2). Show that 
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h.    Show that the vector equation of the reflected ray at (c, c2) is r 
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i.    Show that the reflected ray passes through the point 
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