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Section A – Multiple-choice questions 
Question 1 
The correct answer is E. 

ݔ െ 5
3

ൌ ሺcosሺ2ݐሻሻଶ	and	ݕ ൌ 3ሺ2ሺcosሺ2ݐሻሻଶ െ 1ሻ	

⇒ ݕ ൌ ݔ2 െ 13 

From the parametric equation, 
minݔ ൌ 5 ൅ 3ሺ0ሻ ൌ 5	
maxݔ ൌ 5 ൅ 3ሺേ1ሻଶ ൌ 8	

⇒ ݔ ∈ ሾ5, 8ሿ 

Question 2 
The correct answer is D. 

Asymptotes are ݕ ൌ േ
ଷ

ଶ
ሺݔ െ 3ሻ െ 2. 

The relation is a hyperbola. 

The relation has gradient ௗ௬
ௗ௫
ൌ

ଽሺ௫ିଷሻ

ସሺ௬ାଶሻ
. 

The parametric equation can be rearranged: 

cscሺݐሻ ൌ
ݔ െ 3
2

	and	 cotሺݐሻ ൌ
ݕ ൅ 2
3

	

Since ሺcscሺݐሻሻଶ െ ሺcotሺݐሻሻଶ ൌ 1, 
ሺ௫ିଷሻమ

ସ
െ

ሺ௬ାଶሻమ

ଽ
ൌ 1 as required. 

Question 3 
The correct answer is A. 

െ1 ൑ ݔ3 െ 5 ൑ 1	
4 ൑ ݔ3 ൑ 6	
4
3
൑ ݔ ൑ 2	

⇒ ݔ ∈ ൤
4
3
,			2൨ 

Question 4 
The correct answer is C. 

Asymptote ݕ ൌ െ݇ݔ ⇒ ݇ ൌ െ1. 

Let ݃ሺݔሻ ൌ ଶݔܽ ൅ ݔܾ ൅ ܿ	and	݂ሺݔሻ ൌ െݔ ൅
ଵ

௚ሺ௫ሻ
	

Use CAS to solve using the given information: 
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Question 5 
The correct answer is B. 

The circles are centred at (2,-3) with radii 2 and 3. Hence the desired region is where the distance from 
2 െ 3݅ to ݖ is between 2 and 3. 

Question 6 
The correct answer is A. 

ݖ ൌ ݏ5ܿ݅ ൬
ߨ7
9
൰	

⇒ ଷݖ ൌ 5ଷܿ݅ݏ ൬
ߨ7
3
൰	

The angle ଻గ
ଷ

 is equivalent to గ
ଷ
. 

Question 7 
The correct answer is D. 

Trial and error may be best method: 

 

Alternatively: 

ሺsinሺ2ߠሻሻଷ ൌ ቆ
ሻߠሺ2ݏ݅ܿ െ ሻߠሺെ2ݏ݅ܿ

2݅
ቇ
ଷ

	

ൌ ቆ
ଶݖ െ ଶିݖ

2݅
ቇ
ଷ

 

Inputting this on the calculator gives: 
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Question 8 
The correct answer is C. 

Solving on the calculator: 

 

This shows that A, B, D and E are incorrect. To find nicer expressions for the other two solutions, use the 
fact that the three solutions are evenly spaced in a circle. Hence if 

ଵߠ ൌ
ߨ
4
	

ଶߠ ൌ
ߨ
4
൅
ߨ2
3
ൌ
ߨ11
12

	

ଷߠ ൌ
ߨ
4
െ
ߨ2
3
ൌ െ

ߨ5
12

 

Question 9 
The correct answer is C. 

 

Question 10 
The correct answer is E. 

The relation ݔ ൌ ݕଶሺݕ െ 2ሻ is the cubic function ݕ ൌ ݔଶሺݔ െ 2ሻ reflected in the line ݕ ൌ  The question is .ݔ
asking for the volume generated by rotating the area bounded by this function and the x axis around the 
x axis. 

ܣ ൌ ଶݕනߨ ݔ݀

ଶ

଴

	

ܣ ൌ ݔଶሺݔන൫ߨ െ 2ሻ൯
ଶ
ݔ݀

ଶ

଴
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Question 11 
The correct answer is B. 

 

Question 12 
The correct answer is A. 

ݔ݀
ݕ݀

ൌ ݔ ൅ 	ݕ

⇒
ݕ݀
ݔ݀

ൌ
1

ݔ ൅ ݕ
 

 

Question 13 
The correct answer is E. 

݀ܳ
ݐ݀

ൌ
݀ܳ௜௡
ݐ݀

െ
݀ܳ௢௨௧
ݐ݀

	

݀ܳ
ݐ݀

ൌ
݀ܳ௜௡
݀ ௜ܸ௡

∙
݀ ௜ܸ௡

ݐ݀
െ
݀ܳ௢௨௧
݀ ௢ܸ௨௧

∙
݀ ௢ܸ௨௧

ݐ݀
	

݀ܳ
ݐ݀

ൌ 0.5 ∙ 15 െ
ܳ

100 ൅ ሺ15 െ 5ሻݐ
∙ 5	

݀ܳ
ݐ݀

ൌ 7.5 െ
ܳ

20 ൅ ݐ2
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Question 14 
The correct answer is C. 

For the vectors to be linearly dependent, the following equation has infinitely many solutions: 

ࢇݔ ൅ ࢈ݕ ൅ ࢉݖ ൌ ૙	

൥
1 2 ݉
2 ݉ 1
݉ 1 2

൩ ∙ ቈ
ݔ
ݕ
ݖ
቉ ൌ ൥

0
0
0
൩ 

For the system of equations to have infinitely many solutions, the determinant of the square matrix must 
be zero. By solving on the calculator: 

 

Question 15 
The correct answer is A. 

ሬሬሬሬሬԦܣܱ ൌ ሬሬሬሬሬԦܤܱ ൅ 	ሬሬሬሬሬԦܣܤ

ሬሬሬሬሬԦܣܱ ൌ ሬሬሬሬሬԦܤܱ െ  ሬሬሬሬሬԦܤܣ

On the calculator: 

 

Question 16 
The correct answer is E. 

On the calculator: 

 

Question 17 
The correct answer is B. 

Since the particle is in equilibrium, the forces sum to zero and so the diagram can be rearranged to: 

 

ܶ is found by applying the cosine rule. 
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Question 18  
The correct answer is B. 

Σܨ ൌ ଶݒ4 ൅ ݒ2 ൌ ݉ܽ	

ଶݒ4 ൅ ݒ2 ൌ ݒ2 ∙
ݒ݀
ݔ݀

 

On the calculator: 

 

Question 19  
The correct answer is B. 

ݑ ൌ 5	
ܽ ൌ െ݃	

ݔ ൌ 0 ൌ ݐݑ ൅
ଶݐܽ

2
	

0 ൌ ݐ5 െ
ଶݐ݃

2
	

⇒ ݐ ൌ 0	or	ݐ ൌ
10
݃

 

Question 20  
The correct answer is B. 

Σܨ ൌ ܰ െܹ ൌ ݉ܽ	
ܰ െ݉݃ ൌ െ3݉	

ܰ ൌ ݉ሺ݃ െ 3ሻ 

Question 21 
The correct answer is D. 

Since the particle slows at a constant rate, the net force should have no time dependence. 

To check: 
ݐ ൌ 3	
ݑ ൌ 8	
ݒ ൌ 2 ൌ ݑ ൅ 	ݐܽ

2 ൌ 8 ൅ 3ܽ	
⇒ ܽ ൌ െ2	

ܨ ൌ ݉ܽ ൌ 5ሺെ2ሻ ൌ െ10 

Question 22 
The correct answer is A. 

ଵܨ ൌ െ݇ݔ	
ଶܨ ൌ െܾݒଶ	
Σܨ ൌ ଵܨ ൅ ଶܨ ൌ ݉ܽ	

െሺ݇ݔ ൅ ଶሻݒܾ ൌ ݒ݉
ݒ݀
ݔ݀
	

െሺ݇ݔ ൅ ଶሻݒܾ
ݒ݉

ൌ
ݒ݀
ݔ݀
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Section B – Short-answer questions 
Marks are indicated by either Mx (for method marks) or Ax (for answer marks), where x is the number of 
marks allocated for that line. 

Question 1a i 
݀ሺݔଶሻ

ݔ݀
൅
݀ሺݕݔሻ

ݔ݀
൅
݀ሺݕଶሻ

ݔ݀
ൌ 0	…M1	

ݕ݀
ݔ݀

ൌ
െሺ2ݔ ൅ ሻݕ
ݔ ൅ ݕ2

	…A1 

 

Question 1a ii 
ଶݔ ൅ ݕݔ ൅ ଶݕ െ 6 ൌ 0	

ݕ݀
ݔ݀

ൌ 0 ⇒ ൫െ√2,			2√2൯	or	൫√2,			2√2൯	…A1	

ݔ݀
ݕ݀

ൌ 0 ⇒ ൫െ2√2,			√2൯	or	൫2√2,			√2൯	…A1 

Some indication of needing to solve simultaneous equations …M1 
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Question 1b 
ଶݔ ൅ ݕݔ ൅ ଶݕ െ 6 ൌ 0	

ݔ ൌ
1

√2
ሺݑ െ  ሻݒ

ݕ ൌ
1

√2
ሺݑ ൅ 	ሻݒ

⇒ ଶݑ3 ൅ ଶݒ ൌ 12	…A1	
ଶݑ

4
൅
ଶݒ

12
ൌ 1 

This is an ellipse …A1 

Some indication of needing to solve system of equations …M1 

 

Question 1c i 

ݔ ൌ
1

√2
ሺݑ െ  ሻݒ

ݕ ൌ
1

√2
ሺݑ ൅ 	ሻݒ

⇒ ݑ ൌ
1

√2
ሺݔ ൅ ݒ	and	ሻݕ ൌ

1

√2
ሺݕ െ  …A1	ሻݔ

Some indication of need to solve the system of equations …M1 

 

Half mark for each of: 

 Correctly drawing perpendicular lines ݕ ൌ േݔ 
 Indicating which is ݒ ,ݑ 
 Indicating positive directions for ݑ and ݒ 
 Indicating the scale – 1 unit along the ݒ ,ݑ axes measured with a ruler is the same length as one 

unit along the ݕ ,ݔ axes. 
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Question 1c ii 
Note that the relation can be expressed as: 

ଶݔ ൅ ݕݔ ൅ ଶݕ െ 6 ൌ 0	or	
ଶݑ

4
൅
ଶݒ

12
ൌ 1 

x-intercept: 
ݕ ൌ 0		…M1/2	

⇒ ݔ ൌ േ√6	…A1/2 

y-intercept: 
ݔ ൌ 0	…M1/2	

⇒ ݕ ൌ േ√6	…A1/2 

u-intercept: 
ݒ ൌ 0	…M1/2	
⇒ ݑ ൌ േ2	…A1/2 

v-intercept: 
ݑ ൌ 0	…M1/2	

ݒ ൌ േ2√3	…A1/2 

 

[1] for correct shape. 
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Question 1d 
Area can be found by integrating along the ݑ (or ݒ) axis. (It can also be found by the formula for the area 
of an ellipse.) 

ଶݑ3 ൅ ଶݒ ൌ 12	

⇒ ݒ ൌ േඥ12 െ 		ଶݑ3

ܣ ൌ 2 ∙ නݒ ݑ݀

ଶ

ିଶ

	…M1	

ܣ ൌ 2 ∙ නඥ12 െ ଶݑ3 ݑ݀

ଶ

ିଶ

	

ܣ ൌ  …A1	units	square	3√ߨ4

 

Question 1e i 
ଶݑ3 ൅ ଶݒ ൌ 2ܿ	…A1 
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Question 1e ii 
The volumes of the solids of revolution are found in the normal way, as one would find the volumes when 
rotating around the x or y axes. 

ଶݑ3 ൅ ଶݒ ൌ 2ܿ	

⇒ ଶݑ ൌ
2ܿ െ ଶݒ

3
	and	ݒଶ ൌ 2ܿ െ 	ଶݑ3

௨ܸ ൌ ߨ නݒଶ ݑ݀

ଶ

ିଶ

	…M1/2	

ൌ ߨ නሺ2ܿ െ ଶሻݑ3 ݑ݀

ଶ

ିଶ

…A1	

௩ܸ ൌ ߨ න ଶݑ ݒ݀

ଶ√ଷ

ିଶ√ଷ

	…M1/2	

ൌ ߨ න
2ܿ െ ଶݒ

3
ݒ݀

ଶ√ଷ

ିଶ√ଷ

	…A1	

݇ ൌ ௨ܸ

௩ܸ
	

ൌ
ߨ ׬ ሺ2ܿ െ ଶሻݑ3 ݑ݀

ଶ
ିଶ

ߨ ׬
2ܿ െ ଶݒ

3 ݒ݀
ଶ√ଷ
ିଶ√ଷ

	

ൌ √3	…A1 
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Question 2a i 

 

The vectors are linearly depended when the following equation has infinitely many solutions. One 
technique is to convert to a matrix equation and find when the determinant is zero. (M1) 

ࢇଵߙ ൅ ࢈ଶߙ ൅ ࢉଷߙ ൌ ૙	

൥
െ3 െ3 3
2 0 ݓ
2 0 4

൩ ൥
ଵߙ
ଶߙ
ଷߙ
൩ ൌ ൥

0
0
0
൩	

det ൭൥
െ3 െ3 3
2 0 ݓ
2 0 4

൩൱ ൌ 0	…M1	

⇒ ݓ ൌ 4	…A1 

 

Question 2a ii 
ࢉ ൌ ሾ3 4 4ሿ ൌ ݇ሾെ3 2 2ሿ ൅ ݄ሾെ3 0 0ሿ	…M1	

⇒ ݇ ൌ 2	and	݄ ൌ െ3	
⇒ ࢉ ൌ ࢇ2 െ  A1…	࢈3

 

Question 2b i 
a	to	parallel࢈ ൌ ሺ࢈ ∙ 	…M1	ෝࢇෝሻࢇ

ൌ
1
17

ሺെ27࢏ ൅ ࢐18 ൅  …A1	ሻ࢑18

 

  



Units 3 and 4 Specialist Maths: Exam 2: Free Exam E The Engage Education Foundation 

Page 13  www.engageeducation.org.au 

Question 2b ii 
ࢉ ൌ ࢇ2 െ 	࢈3
ൌ ࢇ2 െ 3൫࢈parallel	to	a ൅  a൯	to	perpendicular࢈

Consider the diagram below, which shows ࢉ in terms of ࢇ and െ࢈. 

 

From the diagram it can be seen that: 

a	to	parallelࢉ ൌ ࢇ2 െ 	…M1	a	to	parallel࢈3

ൌ
1
17

ሺെ21࢏ ൅ ࢐14 ൅  …A1	ሻ࢑14

 

To check: 
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Question 2c i 
ࢇ ∙ ࢉ ൌ |ࢉ||ࢇ| ∙ cosሺߠሻ	

ߠ ൌ cosିଵ ൬
ࢇ ∙ ࢉ
|ࢉ||ࢇ|

൰ 	…M1	

ߠ ൌ cosିଵ ቆ
ሺ2ݓ െ 1ሻ ∙ √17

17 ∙ ଶݓ√ ൅ 25
ቇ 	…M1	

ݓ	when	occurs	minߠ → ∞	…M1/2	
minߠ ൌ 60.98°	

ݓ	when	occurs	maxߠ ൌ െ50	…M1/2	
maxߠ ൌ 119.18°	

⇒ ߠ ∈ ሺ60.98°, 119.18°ሿ	…A1 

 

The final answers are divided by rr to convert them to degrees (see explanation on page Error! 
Bookmark not defined. of these solutions for further information). 
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Question 2c ii 
The forces are perpendicular ⇒ ࢇ ∙ ࢉ ൌ 0 …M1 

⇒ ݓ ൌ
1
2
	…A1 

 

Or, one can solve for the angle between the vectors to be 90 degrees: 

 

Question 2d i 

 

ෝ࢜ ൌ
࢜
|࢜|

	…M1	

ൌ
1

ඥݔሶ ଶ ൅ ሶݕ ଶ ൅ ሶଶݖ
ሺݔሶ ࢏ ൅ ሶݕ ࢐ ൅  …A1	ሻ࢑ሶݖ

 

Question 2d ii 
magnitude ∝ 	|࢜|

Hence magnitude ൌ ݇ඥݔሶ ଶ ൅ ሶݕ ଶ ൅  …M1	ሶଶݖ

Direction is െ࢜ෝ	…M1	
⇒ ࡲ ൌ െ݇ሺݔሶ ࢏ ൅ ሶݕ ࢐ ൅  …A1	ሻ࢑ሶݖ
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Question 2e 
Σࡲ ൌ ࢇ ൅ ࢉ ൅ 	ࡲ

ൌ െ݇ݔሶ ࢏ ൅ ൬
5 െ ሶݕ2݇

2
൰ ࢐ ൅ ሺ6 െ  A1…	࢑ሶሻݖ݇

 

Question 2f i 
Σࡲ ൌ 	M1/2…	ࢇ݉

ࢇ ൌ
݀൫࢘ሶ ሺݐሻ൯
ݐ݀

ൌ
Σࡲ
݉
	…M1	

⇒ െ
ሶݔ݇
݉

ൌ
ሶݔ݀
ݐ݀
	and	

5 െ ሶݕ2݇
2݉

ൌ
ሶݕ݀
ݐ݀

	and	
6 െ ሶݖ݇
݉

ൌ
ሶݖ݀
ݐ݀
	…M1	

Since	࢘ሶ ሺ0ሻ ൌ 0	…M1/2	

⇒ ሶݔ ൌ 0	and	ݕሶ ൌ
5 ൬1 െ ݁

ି௞௧
௠ ൰

2݇
	and	ݖሶ ൌ

6 ൬1 െ ݁
ି௞௧
௠ ൰

݇
	

⇒ ሶ࢘ ሺݐሻ ൌ
5 ൬1 െ ݁

ି௞௧
௠ ൰

2݇
࢐ ൅

6 ൬1 െ ݁
ି௞௧
௠ ൰

݇
 A1…	࢑
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Question 2f ii 
speed ൌ ሶ࢘| ሺݐሻ|	…M1 

terminal speed ൌ lim
௧→ஶ

ሶ࢘| ሺݐሻ| 	…M1	

ൌ
13
2݇

	…A1 

 

Question 2g 
The direction of the net force doesn’t change with time, so the gradient of the position-time curve should 
not be time dependent. (M1) 

ݖ݀
ݕ݀

ൌ
ݖ݀
ݐ݀

∙
ݐ݀
ݕ݀

	…M1/2	

ൌ
ሶݖ
ሶݕ
	

ൌ
12
5
	

⇒ ݖ ൌ න
12
5
ݕ݀ 	…M1/2	

⇒ ݖ ൌ
ݕ12
5

, ݕ ൒ 0	ሺsince		࢘ሶ ሺ0ሻ ൌ 0ሻ	…A1 

 

Question 2h 
ܦ݀
ݐ݀

ൌ speed ൌ ሶ࢘| ሺݐሻ|	…M1	

⇒ Δܦ ൌ න|࢘ሶ ሺݐሻ|	 ݐ݀ ൌ 20

௧

଴

	…M1	

⇒ ݐ ൌ 8.57seconds	…A1 

 

 


