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Question 1 (10 marks) 

The asteroid TK-421 is present in our solar system. The distance of this asteroid from 
Earth is modelled by the function 

( ) 10sin 5sin 20
3 6

D t t tπ π   = + +   
   

 

Where D is the distance of the asteroid from the earth in millions of kilometres and t is 
time in years since December 31 2020. The graph of D(t) is shown below.  

 
a Write down D'(t), the derivative function of D(t) 

 
 _______________________________________________________________  

 
1 mark 

b Find the maximum distance (in millions of kilometres) of the asteroid from 
Earth, and the t value for which this first occurs. Give your answers correct to 
two decimal places 

 

 _______________________________________________________________ 
 

 _______________________________________________________________ 

 
_______________________________________________________________ 
 

 _______________________________________________________________ 

2 marks 
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c Find the minimum distance (in millions of kilometres) of the asteroid from 
Earth, and the t value for which this first occurs. Give your answers correct to 
two decimal places 

 

 _______________________________________________________________ 
 

 _______________________________________________________________ 

 
_______________________________________________________________ 
 

 _______________________________________________________________ 

2 marks 

d When the asteroid is within 10 million kilometres of the Earth, a warning 
system is engaged at NASA’s control centre in Houston, Texas. For how long 
is the warning system engaged between Dec 31 2020 and Dec 31 2044? Give 
your answer in years correct to two decimal places. 
 

 _______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 

3 marks 
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e The control centre receives information that the orbit of the asteroid will be 
thrown out by an astronomical event on December 31 2044 (i.e. t = 24). The 
new function which models the distance of the asteroid from the Earth is given 
by; 

2 ( ) 10sin ( ) 5sin ( ) 10, 24
3 6

D t t h t h tπ π   = − + − + ≥   
   

 

 Where D is still the distance of the asteroid from the Earth in millions of 
kilometres and t is still time in years from December 31 2020.  

 Given that the graph of the distance of the asteroid from the earth remains 
continuous, find the value of h correct to two decimal places, given that h > 0. 

 

_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 

2 marks 
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Question 2 (10 marks) 

Another asteroid is present in our solar system. The path of the asteroid P-31415 is not 
totally known by astrophysicists. It is theorised that this asteroid has the possibility of 
colliding with Earth in the future. The distance of this asteroid from the earth is 
modelled by a quadratic function. At time t = 0 (again December 31 2020), the 
asteroid is measured to be 91 million kilometres away from Earth. It is expected that 
the maximum distance of the asteroid from the earth will be 100 million kilometres 
and will occur on December 31 2050.  

a Show that the distance of the asteroid from earth can be modelled by the 
equation; 

21 3( ) 91
100 5

D t t t= − + +  

_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 

2 marks 

 

b According to the model above, at what t value will this asteroid collide with the 
Earth?  

 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

          1 mark 
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c Sketch the graph of the distance of the asteroid P-31415 from the earth onto the 
axes below. Include the coordinates of the axis intercepts and the turning point.
  

2 marks 

 

c The actual distance of the asteroid P-31415 from the earth is given by the 
function  

21 3( ) 91 15sin
100 5 6

tD t t t  = − + + +  
 

 

 Write down '( )D t  

_______________________________________________________________ 

          1 mark 

d i Find the maximum distance (in millions of kilometres) of the asteroid  

from the earth correct to two decimal places 

 
_______________________________________________________________ 

 1 mark 

ii At what t – value will the asteroid actually collide with the earth? Give  
your answer correct to two decimal places. 

 

_______________________________________________________________ 

  1 mark 
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e Find the greatest speed of the asteroid for [0,100]t∈ . Give your answer in 
millions of kilometres/year correct to two decimal places. 

 

_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 

2 marks 
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b Using the table of values on Page 9, select four of the points and find a cubic 
equation which is a possible path for the shuttle. Take into consideration that 
the shuttle must go through the points (-10, -10) and (10, 10). Give the equation 
of the path of the shuttle in the form 3 2

1y ax bx cx d= + + + . Where a, b, c and d 
are fractions. Show your working. Sketch the graph of the path you have found 
onto the axes on page 9 for [ 10,10]x∈ − . Include the coordinates of important 
points correct to two decimal places. 

 

 

_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
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c Select a different set of points to the ones chosen in part b and devise a 
different path for the shuttle. The path must still include the points (-10, -10) 
and (10, 10). Give the equation of this path of the shuttle in the form 

3 2
2y ax bx cx d= + + + . Where a, b, c and d are fractions. Show your working. 

Sketch the graph of the path you have found onto the axes on page 8 for 
[ 10,10]x∈ − . Include the coordinates of important points correct to two decimal 

places.  

 

 

_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 

 

 

 

 

d Which one of the paths you devised best fits the table of values provided by the 
scientists? Give a reason for your answer. 

 

_______________________________________________________________ 
 
_______________________________________________________________ 

 
_______________________________________________________________ 
 
_______________________________________________________________ 
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Question 4 (10 marks) 

In the end, the scientists settle on a different path for the shuttle. The path is given by 

the equation 32 5( )
75 3

g x x x= − , where [ 10,10]x∈ −   

a Find the exact coordinates of the stationary points of the path of the shuttle and 
state their nature, 

 

_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 

3 marks 

 

 As part of the navigation system of the shuttle, the equations of tangents are 
used to triangulate the position of the shuttle in relation to the asteroid.  

b Find the equation of the tangent to the path of the shuttle at x = 1 

_______________________________________________________________ 
 
_______________________________________________________________ 

1 mark 

c Find the equation of the line perpendicular to the tangent to the path of the 
shuttle at x = 1 

_______________________________________________________________ 
 
_______________________________________________________________ 

1 mark 
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d Find the equation of the line perpendicular to the path of the shuttle at x = p. 
Give your answer in the form 1 2( ) ( )y q p x q p= + , where 1( )q p  and 2 ( )q p are 
functions in terms of p. 

 

 

_______________________________________________________________ 
 

 
_______________________________________________________________ 

2 marks 

e Find the equations of the two lines which are perpendicular to the tangent to the  
curve and pass through the position of the asteroid. Give your answers in the 
form y mx c= + , where m and c are decimal numbers correct to 3 decimal 
places. 

 

_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 

3 marks 
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Question 5 (10 marks) 

Once the shuttle lands on the asteroid, the drilling will commence. The path of the 
drill into the asteroid will not be straight down as it needs to avoid certain anomalies 
found within the asteroid. 

In the diagram below, the drill will follow the path from A to P and then from P to C. 
When drilling on a slant, the drill can move at 6 metres an hour. When drilling directly 
down, the drill can move at 10 metres an hour. θ  is in degrees. 

 

 

 

 

 

 

 

 

 

 

 

a Find the length of AP in terms of θ .  

 

_______________________________________________________________ 
 
_______________________________________________________________ 

1 mark 

b i Find the length of DP in terms of θ . 

 

_______________________________________________________________ 
 
_______________________________________________________________ 

1 mark 

ii Hence, write the distance PC in terms of θ . 

 

_______________________________________________________________ 

1 mark 
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c Show that the total time taken to travel from A to C via P in terms of θ can be 

expressed as 20 12sin( )40
cos( )

T θ
θ

−
= + , where T is in hours. 

 

_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 

3 marks 

d Find dT
dθ

 

 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

2 marks 

e Find the value of θ  that makes T a minimum. Give your answer in degrees 
correct to 2 decimal places 

_______________________________________________________________ 
 
_______________________________________________________________ 

1 mark 

f Hence find the total time taken by the drill to reach its destination, correct to 2 
decimal places. 

_______________________________________________________________ 
 
_______________________________________________________________ 

1 mark 

END OF PART ONE 


