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Section A: Recap 

 

 

If you were here last week skip to Section B Warm-Up Test. 
 

 

 

Roots of Polynomial Functions 

 

𝑹𝒐𝒐𝒕𝒔 =  𝒙-𝒊𝒏𝒕𝒆𝒓𝒄𝒆𝒑𝒕 

 

 

 

Question 1  

 

Find the roots of the following polynomials: 

 

(𝑥 − 2)2(𝑥 + 4)4 

 

 

 

 

 

 

 

 

 

 

 

 

Polynomial Long Division 

 

 
 

𝒅𝒊𝒗𝒊𝒅𝒆𝒏𝒅

𝒅𝒊𝒗𝒊𝒔𝒐𝒓
= 𝒒𝒖𝒐𝒕𝒊𝒆𝒏𝒕 +

𝒓𝒆𝒎𝒂𝒊𝒏𝒅𝒆𝒓

𝒅𝒊𝒗𝒊𝒔𝒐𝒓
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TIPS 

 

 Always focus on the highest degree term first. 

 

 Always remember to fill any missing powers of 𝑥 in the numerator or denominator with 

“placeholders” that have a coefficient of 0. 

 

 

 

Question 2  

 

Simplify the following using polynomial long division:  

 

𝑥4 − 5𝑥3 + 5𝑥2 − 10𝑥 + 6

𝑥2 + 2
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Remainder Theorem 

 

 Definition:  

 

 Find the remainder of the long division without the need for long division. 

 

𝑾𝒉𝒆𝒏 𝑷(𝒙) 𝒊𝒔 𝒅𝒊𝒗𝒊𝒅𝒆𝒅 𝒃𝒚 (𝒙 − 𝜶), 𝒕𝒉𝒆 𝒓𝒆𝒎𝒂𝒊𝒏𝒅𝒆𝒓 𝒊𝒔 𝑷(𝜶) 
 

 Steps: 

 

1. Find 𝑥-values which makes the divisor equal to 0. 

 

2. Substitute it into the dividend function. 
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Question 3  

 

Find the remainder of the division, 
𝑓(𝑥)

𝑔(𝑥)
, where 𝑓(𝑥) = 𝑥3 − 𝑥2 + 4𝑥 − 2 and 𝑔(𝑥) = 3𝑥 + 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Factor Theorem 

 

 For every 𝑥-intercept, there is a factor. 

 

𝑰𝒇 𝑷(𝜶) = 𝟎, 𝒕𝒉𝒆𝒏 (𝒙 − 𝜶) 𝒊𝒔 𝒂 𝒇𝒂𝒄𝒕𝒐𝒓 𝒐𝒇 𝑷(𝒙) 
 

 

 

Question 4  

 

If (𝑥 − 𝛼) is a factor of 4𝑥5 − 11𝛼𝑥3 + 𝑥4, what must be the value of 𝛼, where 𝛼 ≠ 0? 
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Factorising Cubic Polynomials 

 

 Steps: 

 

1. Find a single root by trial and error. 

 

 (Factor theorem: Substitute into the function and see if we get zero.)  

 

2. Use long division to find the quadratic factor.  

 

3. Factorise the remaining factor. 

 

 

 

Question 5  

 

Find all the roots of 𝑓(𝑥) = 𝑥3 + 13𝑥2 + 20𝑥 − 100.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rational Root Theorem 

 

 Rational Root Theorem narrows down the possible roots. 

 

𝒑𝒐𝒕𝒆𝒏𝒕𝒊𝒂𝒍 𝒓𝒐𝒐𝒕 = ±
𝒇𝒂𝒄𝒕𝒐𝒓𝒔 𝒐𝒇 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕 𝒕𝒆𝒓𝒎 𝒂𝟎

𝒇𝒂𝒄𝒕𝒐𝒓𝒔 𝒐𝒇 𝒍𝒆𝒂𝒅𝒊𝒏𝒈 𝒄𝒐𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒕 𝒂𝒏
 

 

 If the roots are rational numbers, the roots can only be ±
𝑓𝑎𝑐𝑡𝑜𝑟𝑠 𝑜𝑓 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑡𝑒𝑟𝑚 𝑎0

𝑓𝑎𝑐𝑡𝑜𝑟𝑠 𝑜𝑓 𝑙𝑒𝑎𝑑𝑖𝑛𝑔 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑎𝑛
. 
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Question 6  

 

Find all the roots of 𝑓(𝑥) = 2𝑥3 − 3𝑥2 − 23𝑥 + 12.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sum and Difference of Cubes 

 

𝒂𝟑 + 𝒃𝟑 = (𝒂 + 𝒃)(𝒂𝟐 − 𝒂𝒃 + 𝒃𝟐) 
 

𝒂𝟑 − 𝒃𝟑 = (𝒂 − 𝒃)(𝒂𝟐 + 𝒂𝒃 + 𝒃𝟐) 
 

 

 

Question 7  

 

Factorise the following polynomials as much as possible: 

 

27𝑥3 + 216 
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Graphs of 𝒂(𝒙 − 𝒉)𝒏 + 𝒌, Where 𝒏 is Odd and Positive 

 

 All graphs look like a “cubic”.  

 

 
 

 The point (ℎ, 𝑘) gives us the stationary point of inflection.  

 

 𝑛 cannot be 1 for this shape to occur! 

 

 

 

Question 8  

  

Sketch the graph of 𝑦 = (𝑥 − 2)3 − 1 on the axes below. 

 

 
 

 



                          

 VCE Methods ¾ Questions? Message +61 440 138 726      
 

 

MM34 [1.8] - Polynomials Exam Skills - Workbook 8 

 

Graphs of 𝒂(𝒙 − 𝒉)𝒏 + 𝒌, where 𝒏 is Even and Positive 

 

 All graphs look like a “quadratic”.  

 

 
 

 The point (ℎ, 𝑘) gives us the turning point.  

 

 

 

Question 9  

 

Sketch the graph of 𝑦 = (𝑥 + 1)4 + 2 on the axes below.  
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Graphs of Factorised Polynomials 

 

 Steps: 

 

1. Plot 𝑥-intercepts. 

 

2. Determine whether the polynomial is positive or negative. 

 

3. Use the repeated factors to deduce the shape: 

 

 Non-repeated: Only 𝑥-intercept. 

 

 Even Repeated: 𝑥-intercept and a turning point. 

 

 Odd Repeated: 𝑥-intercept and a stationary point of inflection. 

 

 

 

Space for Personal Notes 
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Question 10  

 

Sketch the graphs of the following functions on the axes provided. Ignore the 𝑦-axis scale. 

 

a. 𝑦 = (1 + 𝑥)(6 − 𝑥)2 

 

 
 

b. 𝑦 = (𝑥 + 8)3(𝑥 − 3)(𝑥 − 7) 
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Odd Functions 

 

 
 

 E.g.: 𝑥3, 𝑥5, 𝑥7 − 𝑥3… see the pattern?   

 

𝒇(−𝒙) = −𝒇(𝒙) 

 

 Property: Reflecting around the __________________ is the same as reflecting around the _________________.  

 

 

 

Question 11  

 

Show that the following function is an odd function. 

 

ℎ(𝑥) = −𝑥3 + 5𝑥 
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Even Functions 

 

 
 

 E.g.: 𝑥2, 𝑥4, −𝑥10, 𝑥4 − 4… see the pattern?   

 

𝒇(−𝒙) = 𝒇(𝒙) 

 

 Property: It is symmetrical around the ____________________.  

 

 

 

Question 12  

 

Identify whether the function 𝑓(𝑥) = 2𝑥2 − 4𝑥 is an even function, odd function or neither. 
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Power Functions 

 

𝒚 = 𝒙
𝒏
𝒎 

 

 𝒎: Dictates the number of tails. 

 

 Odd 𝒎 = Two tails. 

 

 Even 𝒎 = One tail.  

 

 𝒏: Dictates the range. 

 

 Odd 𝑛: Range could be all real.  

 

 Even 𝑛: Range must be non-negative.  

 

 
𝒏

𝒎
(𝑷𝒐𝒘𝒆𝒓): 

  

 Power > 1: Looks like a polynomial function. 

 

 Power < 1: Looks like a root function. 

 

 

 

Space for Personal Notes 
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Question 13 (1 mark) 

 

Find a possible rule for the given function out of the 4 options below. 

 

 
 

A. 𝑥
2

3 

 

B. 𝑥
3

2 

 

C. 𝑥
1

5 

 

D. −𝑥
2

7 

 

 

 

Space for Personal Notes 
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Section B: Warm-Up Test 

 

 

INSTRUCTION: 15 Marks. 15 Minutes Writing. 

 

 

 

Question 14 (2 marks) 

 

Consider the function 𝑓(𝑥) = 𝑥3 − 8𝑥. Show that 𝑓(𝑥) is an odd function.  

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

 

 

 

Question 15 (2 marks) 

 

Write 𝑓(𝑥) =
3𝑥3+12𝑥2+4𝑥−8

𝑥+3
 in the form 𝑓(𝑥) = 𝑄(𝑥) +

𝐵

𝑥+3
, where 𝑄(𝑥) is a quadratic and 𝐵 ∈ 𝑅. 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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Question 16 (3 marks) 

 

Consider the function 𝑓(𝑥) = 𝑥3 + 𝑎𝑥2 + 𝑏𝑥 + 6. If 𝑥 + 2 is a factor of 𝑓(𝑥) and the remainder of 

 𝑓(𝑥) ÷ (𝑥 + 1) is given by 8, find the values of 𝑎 and 𝑏.  

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

 

 

 

Space for Personal Notes 
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Question 17 (3 marks) 

 

Solve the following equation for 𝑥.  

 

2𝑥3 − 3𝑥2 − 23𝑥 + 16 = 4 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

 

 

 

Space for Personal Notes 
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Question 18 (3 marks) 

 

Sketch the graph of the following function on the axes below. Label all axes intercepts with their coordinates. 

 

𝑦 = (𝑥 − 1)2(𝑥 − 2)(𝑥 + 1) 

 

 
 

 

 

Space for Personal Notes 
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Question 19 (2 marks) 

 

It is known that 𝑓(𝑥) is an even function where 𝑓(−2) = 3 and 𝑓′(−2) = 4. 

 

Let 𝑔(𝑥) = 𝑓(𝑥) + 3.  

 

Find the values of 𝑔(2) and 𝑔′(2). 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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Section C: Polynomial Exam Skills 

 

 

Sub-Section: Apply Transformations to Restrict the Number of  

Positive/Negative 𝒙-intercept(s) 
 

 

 

Definition: Steps for Transforming a Graph to Have 𝒏 Positive 𝒙-intercepts 

 

1. Find all 𝑥-intercepts in terms of 𝑛. 

 

2. List them out in ascending order. 

 

3. Restrict each 𝑥-intercepts to achieve the number of positive/negative solutions we want. 

 

 

 

NOTE: If you’re looking for negative 𝑥-intercepts, count intercepts from the left and translate to the 

left of the origin. 

 

 

 

Space for Personal Notes 
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Question 20 Walkthrough. 

 

Transform a cubic to have 2 positive 𝑥 intercepts. 

 

Suppose 𝑓(𝑥) = (𝑥 − 1)(𝑥 − 3)(𝑥 + 1). Let 𝑔(𝑥) = 𝑓(𝑥 − 𝑘). For what values of 𝑘 does 𝑔(𝑥) have two positive 

𝑥-intercepts? 

 

 

 

 

 

 

 

 

 

 

 

 

Question 21  

 

Suppose 𝑓(𝑥) = (𝑥 − 2)(𝑥 − 5)(𝑥 + 3). Let 𝑔(𝑥) = 𝑓(𝑥 + 𝑘). For what values of 𝑘 does 𝑔(𝑥) have two 

negative 𝑥-intercepts? 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 22 Extension. 

 

Suppose 𝑓(𝑥) = 𝑥4 − 3𝑥2 − 4. Let 𝑔(𝑥) = 𝑓(𝑥 − 𝑘). 

 

For what values of 𝑘 does 𝑔(𝑥) have at least two positive 𝑥-intercepts? 
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Sub-Section: Number of Solutions 

 

 

 

What if the function is factorisable? 
 

 

 

Question 23 Walkthrough. 

 

Consider 𝑓(𝑥) = 𝑥3 − 𝑘𝑥2 + 5𝑥. 

 

Find the value(s) of 𝑘 such that 𝑓(𝑥) = 0 has 2 solutions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOTE: This can only be done if there is no constant term. 
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Your Turn! 
 

 

 

Question 24  

 

Consider 𝑓(𝑥) = 2𝑥3 + 2𝑘𝑥2 + 30𝑥. 

 

Find the value(s) of 𝑘 such that 𝑓(𝑥) = 0 has 1 solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                          

 VCE Methods ¾ Questions? Message +61 440 138 726      
 

 

MM34 [1.8] - Polynomials Exam Skills - Workbook 24 

 

Sub-Section [1.8.3]: Apply Shape/Graph to Solve Number of Solutions  

Questions. 
 

 

 

What if you cannot factorise the function? 
 

 

 

Exploration: How to Solve Number of Solutions to 𝒇(𝒙) = 𝒌 

 

 Consider the graphs 𝑦 = 𝑓(𝑥) and 𝑦 = 𝑘. The solution to 𝑓(𝑥) = 𝑘 is just the intersection of these 

two graphs! 

 

 
 

 Look at the graph above. Which of these lines has one solution to 𝑓(𝑥) = 𝑘𝑛? 

 

𝒚 = 𝒌𝟑 
 

 What about two solutions? 

 

𝒚 = 𝒌𝟏 
 

 Three solutions? 

 

𝒚 = 𝒌𝟐 
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Definition: Steps for Solving Number of Solutions to 𝒇(𝒙) = 𝒌 

 

1. Find turning points. 

 

2. Draw a horizontal line between each pair of turning points. 

 

3. Draw a horizontal line outside all turning points. 

 

4. Draw a horizontal line on each turning point. 

 

5. Count the number of intersections on each line. 

 

 

 

Question 25 Walkthrough. Tech-Active. 

 

Consider 𝑓(𝑥) = 2𝑥3 − 15𝑥2 + 36𝑥 + 5. 

 

Find the value(s) of 𝑘 such that 𝑓(𝑥) + 𝑘 = 0 has 2 solutions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOTE: Always visualise! 
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Your Turn! 
 

 

 

Question 26 Tech-Active.  

 

Consider 𝑓(𝑥) = 2𝑥3 − 3𝑥2 − 72𝑥 + 10. 

 

Find the value(s) of 𝑘 such that 𝑓(𝑥) + 𝑘 = 0 has 1 solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Summary 
 

 

 

Number of Solutions 

 

 If the polynomial can be factorised: 

 

𝑫𝒊𝒔𝒄𝒓𝒊𝒎𝒊𝒏𝒂𝒏𝒕! 
 

 If the polynomial cannot be factorised: 

 

𝑽𝒊𝒔𝒖𝒂𝒍𝒊𝒔𝒆 𝒂𝒏𝒅 𝒖𝒔𝒆 𝑻𝒖𝒓𝒏𝒊𝒏𝒈 𝑷𝒐𝒊𝒏𝒕𝒔! 
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Sub-Section: Calculus and Odd and Even Function Properties 

 

 

 

Implication of Odd and Even Functions (Calculus) 

 

 The properties of odd and even functions can become crucial for later topics.  

 

 Odd Functions  

 

 
 

 Gradients at 𝑥 = 𝑎 and 𝑥 = −𝑎 are ______________________________. 

 

 Integral Property: ∫ 𝑓(𝑥)𝑑𝑥
𝑎

−𝑎
= ∫ 𝑓(𝑥)𝑑𝑥

0

−𝑎
+ ∫ 𝑓(𝑥)𝑑𝑥

𝑎

0
= 0.  
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 Even Functions  

 

 
 

 Gradients at 𝑥 = 𝑎 and 𝑥 = −𝑎 are ____________________________. 

 

 Integral Property: ∫ 𝑓(𝑥)𝑑𝑥
𝑎

−𝑎
= 2 ∫ 𝑓(𝑥)𝑑𝑥

0

−𝑎
= 2 ∫ 𝑓(𝑥)𝑑𝑥

𝑎

0
.  

 

 

 

 

 

 

 

 

 

 

Question 27  

 

For a given odd function it is known that 𝑓(2) = 5, 𝑓′(2) = −3. 

 

Find the values for 𝑓(−2) and 𝑓′(−2). 
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Sub-Section: Identify Possible Rule(s) From a Graph 

 

 

 

Definition: Shape of Power Functions 

 

𝒚 = 𝒙
𝒏
𝒎 

 

 𝒎: Dictates the number of tails. 

 

 Odd 𝒎 = Two tails. 

 

 Even 𝒎 = One tail.  

 

 𝒏: Dictates the range. 

 

 Odd 𝑛: Range could be all real.  

 

 Even 𝑛: Range must be non-negative.  

 

 
𝒏

𝒎
(𝑷𝒐𝒘𝒆𝒓): 

  

 Power > 1:  Looks like a polynomial function. 

 

 Power < 1:  Looks like a root function. 

 

 

 

Definition: Finding Possible Rules of a Polynomial 

 

 Steps: 

 

1. Find all the intercepts. 

 

2. Write out the intercept form e.g. (𝑥 − 1)𝑎(𝑥 − 4)𝑏. 

 

3. Figure out the possible type of power (even or odd). 

 

4. Turning point = even, point of inflection = odd, passes straight through = 1. 

 

5. Figure out the sign of the biggest power. 

 

6. Find the matching rule through elimination. 
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Question 28 (1 mark) Walkthrough. 

 

A possible rule for the following graph is: 

 

 
 

A. 𝑦 = (𝑥 − 2)2(𝑥 + 2)4 

 

B. 𝑦 = (𝑥 − 2)2(𝑥 + 2)3 

 

C. 𝑦 = (𝑥 − 2)2(𝑥 + 2) 

 

D. 𝑦 = (𝑥 − 2)3(𝑥 + 2) 

 

 

 

Question 29 (1 mark) 

 

A possible rule for the graph below, where 𝑎, 𝑏 ∈ 𝑅+ is: 

 

 
 

A. 𝑦 = (𝑥 − 𝑎)2(𝑥 + 𝑏)2 

 

B. 𝑦 = 𝑥(𝑥 − 𝑎)(𝑥 − 𝑏) 

 

C. 𝑦 = (𝑥 + 𝑎)2(𝑥 − 𝑏)2 

 

D. 𝑦 = (𝑥 + 𝑎)3(𝑥 − 𝑏)2 
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Question 30 (1 mark) Extension. 

 

A possible rule for the graph below, where 𝑎 < 0 and 𝑏 > 0 is: 

 

 
 

A. 𝑦 = (𝑥 − 𝑎)2(𝑥 + 𝑏)3 

 

B. 𝑦 = −(𝑥 − 𝑎)2(𝑥 − 𝑏)3 

 

C. 𝑦 = (𝑥 + 𝑎)2(𝑥 − 𝑏)3 

 

D. 𝑦 = −(𝑥 + 𝑎)2(𝑥 − 𝑏)3 

 

 

 

Space for Personal Notes 
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Section D: Exam 𝟏 (14 Marks) 
 

 

Question 31 (3 marks) 

 

Find the values of 𝑘 such that the equation (𝑥2 − 𝑘𝑥 + 9)(𝑥2 − 4𝑥 + 𝑘) = 0 has exactly one solution. 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

 

 

 

Question 32 (3 marks) 

 

Consider the function 𝑓(𝑥) = 2𝑥 − 𝑥3. It is known that the graph of 𝑓 has a tangent line with equation 𝑦 =

−10𝑥 − 16 when 𝑥 = −2. Without using calculus, find the equation of the tangent to the graph of 𝑔(𝑥) = 𝑓(𝑥) +

4 when 𝑥 = 2. 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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Question 33 (8 marks) 

 

Let 𝑓: ℝ → ℝ, 𝑓(𝑥) = 𝑥4 − 4𝑥3 + 3𝑥2 + 4𝑥 − 4. 

 

a. Show that 𝑥 − 1 is a factor of 𝑓(𝑥). (1 mark) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

b. Fully factorise 𝑓(𝑥). (2 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

c. Sketch the graph of 𝑦 = 𝑓(𝑥), labelling all axial intercepts with coordinates. Note that turning points occur at 

approximately (−0.37, −4.84) and (1.36, 0.35). (3 marks) 
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d. Find the values of 𝑘 such that 𝑓(𝑥 − 𝑘) = 0 has two positive solutions. (2 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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Section E: Tech-Active Exam Skills 

 

 

Calculator Commands: Turning Point 

 

 ALWAYS sketch the graph to find approximate bounds for where the turning point you want is 

located.  

 

 To find a local maximum we maximise the function over a specific domain.  

 

 To find a local minimum we minimise the function over a specific domain. 

 

 TI and Casio: Use fmin(expression, variable, lower (optional), upper (optional)) or                                        

fmax(expression, variable, lower (optional), upper (optional)). 

 

 TI: Menu→ 4 →
7

8
.  

 

 
 

 Casio:  Action→Calculation→
𝑓𝑚𝑖𝑛

𝑓𝑚𝑎𝑥
. 

 

 
 

 

 

NOTE: TI only gives the 𝑥 value for the 
𝑚𝑖𝑛

𝑚𝑎𝑥
 so we then need to sub it back into our function. Casio      

gives us both! 

 

 



                          

 VCE Methods ¾ Questions? Message +61 440 138 726      
 

 

MM34 [1.8] - Polynomials Exam Skills - Workbook 36 

 

Calculator Commands 

 

 Mathematica: Minimize[ ] and Maximize[ ] commands. 

 

 Minimize[𝑓[𝑥], 𝑥] will minimize 𝑓[𝑥] over its whole domain.  

 

 To restrict the domain we must use Minimize[{𝑓[𝑥], 𝑎 ≤ 𝑥 ≤ 𝑏}, 𝑥]. 

 

 
 

 TI UDF: We can use the analyse function. 

 

 

 Analyse a Function 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Overview: 

 

This program will find for a given function: 

 

 Coordinates of endpoints. 

 

 The maximal domain. 

 

 The equations of straight-line asymptotes. 

 

 The rule of the derivative. 

 

 Inflection points and their nature. 

 

 Stationary points and their nature. 

 

 

There are two analyse programs: 

 

 Analyse which analyses a function over the 

domain 𝑅 or the maximal domain. 

 

 Analysed which analyses over a domain with 

specified start and end points. 

 

Both are found in the methods_func library. You 

can switch between the two on the calculator 

page by adding/removing the ‘d’ to reference the 

appropriate program. 
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Input: 

 

𝑎𝑛𝑎𝑙𝑦𝑠𝑒(< 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 >, < 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 >)  

 

𝑎𝑛𝑎𝑙𝑦𝑠𝑒𝑑(< 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 >, < 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 >,   

< 𝑙𝑜𝑤𝑒𝑟 𝑏𝑜𝑢𝑛𝑑 >, < 𝑢𝑝𝑝𝑒𝑟 𝑏𝑜𝑢𝑛𝑑 >)  

 

Other notes: 

 

 It is recommended to use the analysed 

program when working with trigonometric 

functions. 

 

 Be careful when using functions with 

parameters since some parts of the programs 

may not be able to give a solution. :/ 

 

 If at least one of the bounds is “?”, the 

asymptote finder will be disabled and the 

program will analyse over the maximal 

domain. 
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Question 34 Walkthrough. 

 

Find the turning points of 𝑓(𝑥) = 𝑥3 − 3𝑥 − 1. Hence, find the values of 𝑘 for which the equation 𝑓(𝑥) = 𝑘 has 

1, 2, and 3 solutions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 35  

 

Find the turning points of 𝑓(𝑥) = 𝑥3 + 3𝑥2 − 𝑥 − 3. Hence, find the values of 𝑘 for which the equation 𝑓(𝑥) = 𝑘 

has 1, 2, and 3 solutions. 
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Calculator Commands: Using Sliders/Manipulate on CAS 

 

 

 Mathematica 

 

 
 

 
 

 NOTE: The function must be typed out 

instead of using its saved name. 

 

 

 TI-Nspire 

 

 
 

 
 

 
 

 

 Casio Classpad 

 

 
 

 

 

Question 36 (1 mark) Walkthrough. 

 

Consider the function 𝑓(𝑥) = 2𝑥3 − 15𝑥2 + 24𝑥 + 4. 

 

The equation 𝑓(𝑥) = 𝑘 has 1 solution for:  

 

A. 1 < 𝑘 < 4 
 

B. −12 < 𝑘 < 15 

 

C. 𝑘 < −12 or 𝑘 > 15 

 

D. 𝑘 ≥ 15 

 

 

 

Question 37 (1 mark) 

 

Consider the function 𝑓(𝑥) = 3𝑥4 − 40𝑥3 + 186𝑥2 − 360𝑥 + 250.  

 

The equation 𝑓(𝑥) = 𝑘 has 4 solutions for:  

 

A. −25 < 𝑘 < 7 
 

B. 2 < 𝑘 < 7 

 

C. −25 < 𝑘 < 2 
 

D. −25 ≤ 𝑘 ≤ 2 
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Section F: Exam 𝟐 (12 Marks) 
 

 

Question 38 (1 mark) 

 

Let 𝑝(𝑥) = 𝑥3 − 5𝑎𝑥2 + 2𝑎𝑥 − 5, where 𝑎 ∈ ℝ. When 𝑝 is divided by 𝑥 + 2 the remainder is 11. The value of 𝑎 

is: 

 

A. −2 

 

B. −1 

 

C. 1 

 

D. 2 

 

 

 

Question 39 (1 mark) 

 

The rule for a function with the graph below could be: 

 

 
 

A.  𝑦 = −(𝑥 − 1)2 (𝑥 + 2)(𝑥 +  1)3 

 

B. 𝑦 =  (𝑥 − 1)3 (𝑥 + 2)(𝑥 + 1)2 

 

C. 𝑦 =  −(𝑥 − 1)3(𝑥 + 2)(𝑥 + 1)2 

 

D. 𝑦 =  (𝑥 − 1)2 (𝑥 + 2)(𝑥 + 1)3 
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Question 40 (1 mark) 

 

Let 𝑓(𝑥) = 𝑥5 − (𝑘2 − 5𝑘 + 6)𝑥4 + 𝑥3 − (𝑘2 − 7𝑘 + 10)𝑥2 − (𝑘2 − 3)𝑥  

If 𝑓(𝑥) is odd, then 𝑘 must equal: 

 

A. 2 or 3 

 

B. 5 only 

 

C. 2 only 

 

D. 2 or 5 

 

 

 

Question 41 (1 mark) 

 

Let 𝑔(𝑥) = (𝑥 −  1)2(𝑥 − 4)2 − 10. There will be exactly four solutions to the equation given by 𝑔(𝑥) = 𝑘 

whenever: 

 

A. −10 < 𝑘 < 5 

 

B. −10 < 𝑘 < −5 

 

C. 5 < 𝑘 < 10 

 

D. 5 ≤ 𝑘 ≤ 10 

 

 

 

Question 42 (1 mark) 

 

Let ℎ(𝑥) = 𝑥4 − 5𝑥2 + 4. The function ℎ(𝑥 + 𝑘) will have exactly three negative 𝑥-intercepts whenever: 

 

A. 1 ≤ 𝑘 ≤ 2 

 

B. 1 < 𝑘 ≤ 2 

 

C. −2 < 𝑘 ≤ 1 

 

D. −2 ≤ 𝑘 ≤ 1 
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Question 43 (7 marks) 

 

Consider a quartic of the form 𝑓(𝑥) = 𝑎𝑥4  +  𝑏𝑥3  +  𝑐𝑥2  +  𝑑𝑥 +  𝑒. It is known that 𝑓 satisfies the following 

conditions:  

 

 𝑓(0) = 5 

 

 𝑓(1) = −1 

 

 𝑓(2) = 5 

 

 𝑓(𝑥) is even function. 

 

a. Show that 𝑓(𝑥) = 2𝑥4 − 8𝑥2 + 5. (3 marks) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

 

b.  Solve the equation 𝑓(𝑥) = 0. (1 mark) 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 

 

_____________________________________________________________________________________ 
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c. Sketch the graph of 𝑦 = 𝑓(𝑥) on the axes below. Label all turning points with coordinates. 

 

 
 

d. Find the values of 𝑘, where 𝑘 ∈ ℝ, for which: 

 

i. 𝑓(𝑥) = 𝑘 has no solutions. (1 mark) 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

 

ii. 𝑓(𝑥) = 𝑘 has exactly four solutions. (1 mark) 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

 

iii. 𝑓(𝑥) = 𝑘 has exactly two solutions. (1 mark) 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 

 

__________________________________________________________________________________ 
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Contour Checklist 
   

 

Learning Objective: [1.8.1] – Apply Transformations to Restrict the Number of  

Positive/Negative 𝒙-intercept(s) 

 
 

Key Takeaways 

 

 To solve these questions, figure out how to translate the relevant intercept to the ____________.  

 

      

 

Learning Objective: [1.8.2] – Apply Discriminant to Solve Number of Solutions 

Questions 

 
 

Key Takeaways 

 

 There are no real solutions for a quadratic when Δ _________0. 

 

 There is one real solution for a quadratic when Δ_____________ 0. 

 

 There are two unique real solutions for a quadratic when Δ__________________ 0. 

 

      

 

Learning Objective: [1.8.3] – Apply Shape/Graph to Solve Number of Solutions 

Questions 

 
 

Key Takeaways 

 

 To find the number of solutions for 𝑓(𝑥) = 𝑘, draw a ________________________ line at 

_______________ = 𝑘 and count the intersections. 
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Learning Objective: [1.8.4] – Apply Odd and Even Functions (MHS Investigation 

𝟐𝟎𝟐𝟑 S) 

 
 

Key Takeaways 

 

 For an odd function, ______________________________.  

 

 For an even function, ____________________________.  

 

 

 

Learning Objective: [1.8.5] – Identify Possible Rule(s) From a Graph 

 
 

Key Takeaways 

 

 A turning point 𝑥-intercept has a(n) ______________________ power on its factor. 

 

 A stationary point of inflection 𝑥 intercept has a(n) __________________ power on its factor. 

 

 If the 𝑥-intercept passes straight through, the power of the factor is ___________________. 
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