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Section A: SAC Questions (45 Marks) 
 

 

Question 1 (10 marks) 

 

Let 𝑓 ∶  ℝ → ℝ, 𝑓(𝑥) = 𝑥3 − 3𝑥2 + 2.  

 

a. Find the coordinates of the stationary points of 𝑓(𝑥). (2 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

b. Using the turning points found in part a., find the equation of the line segment joining these two points. State 

the length of this line segment. (3 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

Another function 𝑔(𝑥) exists such that 𝑔(𝑥) = 𝑓(𝑥) + 𝑘𝑥, where 𝑘 is a real constant. 

 

c. Find the 𝑥-values of the stationary points of 𝑔(𝑥) in terms of 𝑘 as well as the coordinate of the point of 

inflection. (3 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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A tangent line is made at the inflection point found in part c. 

 

d. Given that this tangent line passes through the coordinate (5, 2), solve for the value(s) of 𝑘. (2 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

 

 

 

Question 2 (7 marks) 

 

The hybrid function 𝑓(𝑥) = {
−𝑥3 + 3𝑥2 − 2𝑥 + 1, 𝑥 ≤ 1

√4𝑥 − 3, 𝑥 > 1
  is sketched on the graph below: 

 

 
 

a. Define the derivative function 𝑓’(𝑥). (2 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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b. On the same axes, sketch the graph of the derivative function. (2 marks) 

 

 

c. Find the values of 𝑥 when 𝑓(𝑥) is strictly increasing. (1 mark) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

d. Let 𝑔(𝑥) = {
−𝑥3 + 3𝑥2 − 2𝑥 + 1 + 𝑘𝑥, 𝑥 ≤ 1

√4𝑥 − 3, 𝑥 > 1
 with  𝑘 > 0. 

 

Find the values of 𝑥 when 𝑔(𝑥) is strictly increasing in terms of 𝑘. (2 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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Question 3 (8 marks) 

 

James is standing outside his house in Doreen at the point (1,2) and decides to take his dog Mango to the park 

located at (5, 8). A map is shown below which depicts James current whereabouts as well as the local park. 

Mango is a rather impatient dog and instead of walking on the footpath he decides to walk in a straight line 

directly to the park. 

 

 
 

 

a. Calculate the distance travelled if Mango walks in a straight line from James’ house to the park. (1 mark) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

Once James and Mango arrive at the park, they decide to follow the exact path of the park given by: 

 

𝑓(𝑥) = −
1

2
𝑥3 + 5𝑥2 − 13𝑥 + 10.5 

 

Assume that they follow the path when they return home after a long walk. 

 

b. You could say that their path travelled is a relationship that is tangential to the park at every single point. If 

James and Mango are currently standing at 𝑥 = 𝑎, state the equation of the path they are travelling in terms of 

𝑎. (1 mark) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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Whenever the gradient of the path is equal to 2, Mango’s bladder kicks in and he suddenly needs to take a leak. 

 

c.  

 

i. State the values of 𝑥 whenever Mango uses the toilet. (2 marks) 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

 

ii. Hence, state the equations of the tangent lines whenever Mango takes a leak. (2 marks) 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

 

After a while, Mango needs to do a number 2. The points at which Mango needs to do this occur whenever the 

gradient equals zero. 

 

d. Find the coordinates of the points at which Mango does a number 2. (2 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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Question 4 (10 marks) 

 

Consider the functions: 

 

𝑓(𝑥) =
𝑥 + 2

𝑥 + 3
 

 

𝑔(𝑥) = √5 − 𝑥 

 

where both functions are defined over their maximal domains. 

 

a. State the domains of 𝑓(𝑥) and 𝑔(𝑥). (2 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

b. Determine whether 𝑓(𝑔(𝑥)) or 𝑔(𝑓(𝑥)) is defined. Give a reason why. (3 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

c. For the function that was defined, find the range of that function. (2 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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d. For the undefined function, state the maximal domain of that function such that the composite function exists. 

(3 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

 

 

 

Question 5 (10 marks) 

 

A piecewise function is defined by: 

 

𝑓(𝑥) = {
𝑎 𝑥3 +  𝑥, 𝑥 ≤ 1,

(3𝑎 + 𝑏)𝑥 − 2, 𝑥 > 1,
 

 

where 𝑎 and 𝑏 are constants with 𝑎 > 0. 
 

a. State the values of 𝑎 and 𝑏 such that the function joins smoothly at 𝑥 = 1. Hence, state the domain of the 

derivative function. (3 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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b.  

 

i. Find the coordinates of the 𝑥-intercept of 𝑓(𝑥). (1 mark) 

 

__________________________________________________________________________________ 

 

 

ii. Hence, state the angle in degrees that 𝑓(𝑥) makes with the 𝑥-axis at the 𝑥-intercept. (2 marks) 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

 

c. Find the coordinates of the intersection point(s) between 𝑓(𝑥) and 𝑓−1(𝑥). (2 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

d. Hence, state the possible axis(es) of symmetry that exist for 𝑓(𝑥) and 𝑓−1(𝑥). Explain why there is only one 

axis of symmetry or why there are multiple axes of symmetry. (2 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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Section B: TI Solutions 

 

Question Number Solutions 

1(a) 

 

 

 

 
 

1(b) 
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1(c) 

 

 
 

1(d) 

 

 
 

2(a) 

 

 
 

2(c) 

 

Check the answer with the graph to make sure you are only including 

appropriate stationary points. 
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2(d) 

 

 
 

Note: We can rewrite this as the union of two intervals 

 

3(a) 
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3(b) 

 

Note: Convert decimal to fraction to obtain exact value of tangent. 

 

 
 

3(c) 

 
 

3(d) 
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4(a) 

 

 
 

4(c) 

 

Note: function is monotonic so we can substitute in the range of 𝑔 to obtain 

the range of 𝑓(𝑔(𝑥)). 

 

 
 

4(d) 

 

 
 

5(a) 

 

 
 

5(b)(i) 

 

 
 

5(b)(ii) 
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