
 

 

 

 

 

 

 

Units 3 and 4 Specialist Maths: 
Exam 2 
Practice Exam Solutions 

 

Stop! 

Don’t look at these solutions until you have attempted the exam. 

 

Any questions? 

Check the Engage website for updated solutions, then email practiceexams@ee.org.au. 

 

 

Engage
Education
Foundation

A
 Free Exam 

for 2006-15 VCE study design 



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

Page 1  www.engageeducation.org.au 

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

Question 2 
The correct answer is A. 

Looking at the answers, should group ܿݏሺݔ െ ݕ  ݔሾሺ	ሻ as both cosݖ െ ሻݕ  ݔሾ	ሿ and cosݖ െ ሺݕ   ሻሿݖ

Using trigonometric identities: 

cosሾሺݔ െ ሻݕ  ሿݖ ൌ cosሺݔ െ ሻݕ cosሺݕሻ െ sinሺݔ െ ሻݕ sin	ሺݕሻ, which is not a selectable answer. 

cosሾݔ െ ሺݕ  ሻሿݖ ൌ cosሺݔሻ cosሺݕ  ሻݖ  sinሺݔሻ sin	ሺݕ   .ሻ, which is answer Aݖ

Question 3 
The correct answer is B. 

න
1

2
sin	ሺ2ݔሻ√1 െ ݔݏܿ  ݔ݀	

ൌ නsin	ሺݔሻcos	ሺݔሻ√1 െ ݔݏܿ  ݔ݀	

Notice how all the answers have 1 െ cos ݑ so let ,ݔ ൌ 1 െ ,ݔݏܿ
ௗ௨

ௗ௫
ൌ sinሺݔሻ , 1 െ ݑ ൌ cos	ሺݔሻ  

ൌ නሺ1 െ ݑ√ሻݑ  ݑ݀	

ൌ නݑ.ହ െ ଵ.ହݑ  ݑ݀	

ൌ
2
3
ଵ.ହݑ െ

2
5
ଶ.ହݑ  ܿ 

ൌ
2
3
ሺ1 െ ሻଵ.ହݔݏܿ െ

2
5
ሺ1 െ ሻଶ.ହݔݏܿ  ܿ 

Now ܿ could be zero, hence B is an anti-derivative. 
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Question 4 
The correct answer is A. 

݂ሺݔሻ ൌ  ሻݔଵሺି݊ܽݐ

݂′ሺݔሻ ൌ
1

ଶݔ  1
 

݂′′ሺݔሻ ൌ െ
ݔ2

ሺݔଶ  1ሻଶ
 

Let ݂′ሺݔሻ ൌ ݂′′ሺݔሻ 

1

2ݔ  1
ൌ െ

ݔ2

ሺ2ݔ  1ሻ2
 

ሺ2ݔ  1ሻ2 ൌ െ2ݔሺ2ݔ  1ሻ 

ሺ2ݔ  1ሻ ൌ െ2ݔ 

2ݔ  ݔ2  1 ൌ 0 

ሺݔ  1ሻ2 ൌ 0 

When ݂′ሺݔሻ ൌ ݂′′ሺݔሻ, ݔ ൌ െ1 

Question 5 
The correct answer is C. 

Using linear approximation with step size of -1, ݕሺെ2ሻ ൌ ሺെ1ሻݕ െ
ௗ௬

ௗ௫
ሺെ1ሻ, 

ݕ݀

ݔ݀
ሺെ1ሻ ൎ 0.79 

ሺെ2ሻݕ ൎ ܿ െ 0.79 

Question 6 
The correct answer is D. 

Both D and E cannot be true. 

Logically, 3 or more 2 dimensional vectors are dependant. 

Alternatively, 

1

7
ሺെࢇ  ሻ࢈2 ൌ  and		

1

7
ሺ3ࢇ  ሻ࢈ ൌ  

ࢉ ൌ ࢇ3 െ  ࢈2

Hence ࢈ ,ࢇ and ࢉ are dependent, and so D is the correct answer. 

Question 7 
The correct answer is D. 

Graph is of the form ݕ ൌ ଷݔܽ  ܿ, with ܽ and ܿ as constants. 
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Question 8 
The correct answer is B. 

݀൫࢘ሺݐሻ൯
ݐ݀

ൌ secଶሺݐሻ   tanሺݐሻ secଶሺݐሻ	

࢜ ൬
ߨ3
4
൰ ൌ 2 െ  4

Question 9 
The correct answer is A. 

Question 10 
The correct answer is D. 

area ൌ න 2 cosିଵሺ2ݔሻ ݔ݀

గ
ଶ


ൌ 1 

Question 11 
The correct answer is A. 

න
ݔ2݁ െ 1

ݔ2݁  1
െ
ݔ2݁  1

ݔ2݁ െ 1
 ݔ݀

ൌ െන
4݁ଶ௫

݁ସ௫ െ 1
 ݔ݀

Let	ݑ ൌ ݁ଶ௫ , 
ݑ݀

ݔ݀
ൌ  ݔ2݁2

ൌ െන
2

ଶݑ െ 1
 ݑ݀

ൌ න
1

ݑ  1
ݑ݀ െ න

1
ݑ െ 1

 ݑ݀

ൌ logሺݑ  1ሻ െ logሺݑ െ 1ሻ 

ൌ log ൬
ݑ  1
ݑ െ 1

൰  ܿ 

ൌ log ቆ
݁ଶ௫  1
݁ଶ௫ െ 1

ቇ  ܿ 
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Question 12 
The correct answer is C. 

Let equation 1 be 
2ݔ

2
 2ݕ ൌ 1 

Let equation 2 be 
2ݔ

2
 ݕ ൌ ܿ 

–	1	݊݅ݐܽݑݍ݁ :2	݊݅ݐܽݑݍ݁	 ଶݕ െ ݕ ൌ 1 െ ܿ	

2ݕ െ ݕ  ܿ െ 1 ൌ 0 

Using the quadratic formula: 

ݕ ൌ
1 േ √1 െ 4ܿ  4

2
 

For there to be real solutions for P, 

1 െ 4ܿ  4  0 

ܿ 
5
4

 

Question 13 
The correct answer is C. 

Question 14 
The correct answer is E. 

Question 15 
The correct answer is E. 

Visually, |ݖ| is the distance from the origin to the point ݖ. Using Pythagoras’s rule, distance ൌ √ܽଶ  ܾଶ.	

Question 16 
The correct answer is E. 

The xz-plane has normal vector . The angle, ߙ, between  and  is given by: 

.  ൌ หห|| cosሺߙሻ 

cosሺߙሻ ൌ
ܿ

√ܽଶ  ܾଶ  ܿଶ
 

The angle, ߠ, between the xz-plane and the vector  equals 90 െ  .ߙ

∴ ߙ ൌ 90 െ  ߠ

∴ cosሺ90 െ ሻߠ ൌ
ܿ

√ܽଶ  ܾଶ  ܿଶ
 

cosሺ90 െ ሻߠ ൌ sin	ሺߠሻ 

Hence ߠ ൌ sinିଵ ൬


ඥమାమାమ
൰ 
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Question 17 
The correct answer is D. 

ሺࢇ  ࢉሻሺ࢈  ሻࢊ ൌ ,	ࢇ. ࢉ  .࢈ ࢉ  .ࢇ ࢊ  .࢈ ࢊ ൌ  (1) 

ሺ࢈  ࢇሻሺࢉ  ሻࢊ ൌ ,	࢈. ࢊ  .࢈ ࢇ  .ࢉ ࢊ  .ࢉ ࢇ ൌ  (2) 

.࢈ :(2) - (1) ࢉ െ .ࢉ ࢊ െ .࢈ ࢇ  .ࢇ ࢊ ൌ  

ሺࢉ െ .ሻࢇ ሺ࢈ െ ሻࢊ ൌ  

Since ࢉ െ ࢇ ് 0	and ࢈ െ ࢊ ് 0 

ࢉ െ ࢈ and ࢇ െ 	.are perpendicular ࢊ

Question 18 
The correct answer is A. 

݀ ቀ
1
2 ݒ

2ቁ

ݔ݀
ൌ െ2ሺݔ െ 3ሻ3 

1

2
2ݒ ൌ െ

ሺݔ െ 3ሻ4

2
 ܿ 

ଶݒ ൌ െሺݔ െ 3ሻସ  2ܿ 

At ݔ ൌ 3  √2, ݒ ൌ 0, thus ܿ ൌ 2. 

ଶݒ ൌ 4 െ ሺݔ െ 3ሻସ 

Maximum velocity occurs when	ሺݔ െ 3ሻ4 ൌ 0, ݒ ൌ 2 

Minimum displacement from O when ݒ ൌ 0, ݔ ൌ 3. To see this more clearly, rearrange the expression to 
make ݔ the subject: 

ሺݔ െ 3ሻସ ൌ 4 െ  ଶݒ

ݔ ൌ 3  ඥ4 െ ଶݒ
ర

 

Question 19 
The correct answer is B. 

ݕݐ݈ܸ݅ܿ݁ ൌ
݉ݑݐ݊݁݉݉

ݏݏܽ݉
	

Hence written in ሺ, , ,form, the change in velocity is from ሺ15,െ5	ሻ 5ሻ to ሺ5, 0, െ5ሻ, where the 
magnitude of each of these vectors is the speed. 

ଵܸ ൌ ඥ15ଶ  ሺെ5ሻଶ  5^2 ൌ √275 ൎ 16.6 

ଶܸ ൌ ඥ5ଶ  0ଶ  ሺെ5ሻ^2 ൌ √50 ൎ 7.1 

ଶܸ െ ଵܸ is closest to -10. 
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Question 20 
The correct answer is E. 

1.3 ൌ √1.2ଶ  0.5ଶ, hence it is a right angle triangle. 

Thus 	்௦
்
ൌ

ଵ.ଶ

.ହ
ൎ 0.42 

Question 21 
The correct answer is B. 

ݖ  ̅ݖ ൌ ܽ  ܾ݅  ሺܽ െ ܾ݅ሻ ൌ 2ܽ 

Question 22 
The correct answer is D. 

Let ݖ ൌ ܽ cisሺܾሻ. Then ݅ݖ ൌ cis ቀ
గ

ଶ
ቁ ൈ ܽ cisሺܾሻ ൌ ܽ cis ቀܾ 

గ

ଶ
ቁ, which is (geometrically speaking) ݖ rotated 

90° around the origin. 

  



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

Page 7  www.engageeducation.org.au 

Section B – Short-answer questions 
Marks allocated are indicated by a number in square brackets, for example, [1] indicates that the line is 
worth one mark. 

Question 1a 

 

[1 mark for both arrows in correct direction and with correct values] 

Question 1b i 

ܽ ൌ
ி


ൌ

ଵ

ଵ
ሺ2500 െ ݇ଶݒଶሻ [1] 

  

2500 N݇ଶݒଶ	N 
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Question 1b ii 

ܽ ൌ
ݒ݀
ݐ݀

ൌ
1

1000
ሺ2500 െ ݇ଶݒଶሻ 

ݐ݀
ݒ݀

ൌ
1000

2500 െ ݇ଶݒଶ
 

ݐ ൌ 
ଵ

ଶହିమ௩మ
ݒ݀  ܿ [1] 

Use partial fractions: 

1000
2500 െ ݇ଶݒଶ

ൌ
ܣ

50 െ ݒ݇


ܤ
50  ݒ݇

 

⋮ 

ܣ ൌ ܤ ൌ 10 [1] 

∴ ݐ ൌ න
10

50 െ ݒ݇
ݒ݀ න

10
50  ݒ݇

ݒ݀  ܿ 

ݐ ൌ െ
10
݇
log|50 െ |ݒ݇ 

10
݇
log|50  |ݒ݇  ܿ 

ݐ ൌ
ଵ


log ቚ

ହା௩

ହି௩
ቚ  ܿ [1] 

When ݐ ൌ ݒ ,0 ൌ 0: 0 ൌ ଵ


log|1|  ܿ 

∴ ܿ ൌ 0 [1] 

ݐ ൌ
10
݇
log ฬ

50  ݒ݇
50 െ ݒ݇

ฬ 

݁
ೖ
భబ ൌ

ହା௩

ହି௩
 (can remove the absolute value since ݁  0 for all ܽ ∈ Թ) 

50݁
௧
ଵ െ ݁ݒ݇

௧
ଵ ൌ 50   ݒ݇

50 ൬݁
௧
ଵ െ 1൰ ൌ ݒ݇ ൬1  ݁

௧
ଵ൰ 

ݒ ൌ
ହቆ

ೖ
భబିଵቇ

ቆ
ೖ
భబାଵቇ

ൌ
ହሺఈିଵሻ

ሺఈାଵሻ
 [1] 

Question 1b iii 

When ݐ ൌ ଵ


ݒ , ൌ ߙ ,50 ൌ ݁

భబೖ
భబೖ ൌ ݁ 

∴ 50 ൌ
50ሺ݁ െ 1ሻ

݇ሺ݁  1ሻ
 

݇ ൌ
ିଵ

ାଵ
 [1] 

Question 1c 

ݐ ൌ
ଵ


ൌ

ଵሺାଵሻ

ିଵ
ൎ 22	s [1] 
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Question 1d 

ݒ ൌ
ହሺାଵሻ

ିଵ
 [1] 

Question 2a 

area ൌ  ቀ
ଵ

ଵ
ଶݔ  1ቁ ݔ݀

ହ
   ݔ3.5݀


ହ  [1] 

ൌ 
1
30

ଷݔ  ൨ݔ


ହ

 ሾ3.5ݔሿହ
 

ൌ
1
30

ൈ 125  5  3.5 ൈ 6 െ 3.5 ൈ 5 

ൌ
ଷ଼

ହ
 [1] 

Question 2b 
ଶݔ ൌ 10ሺݕ െ 1ሻ [1] 

ܸ ൌ ߨ  ݕଶ݀ݔ
ଷ.ହ
ଵ  [1] 

ൌ නߨ10 ሺݕ െ 1ሻ݀ݕ
ଷ.ହ

ଵ
 

ൌ ߨ10 ቈ
ଶݕ

2
െ ݕ

ଵ

ଷ.ହ

 

ൌ ߨ10 ቆ
3.5ଶ

2
െ 3.5 െ

1
2
 1ቇ 

ൌ
ଶହగ

଼
ൌ

ଵଶହగ

ସ
	mଶ [1] 

Question 2c 
ܸ݀
ݐ݀

ൌ
4
ߨ
	mଷ/minute 

∴ it will take ଵଶହగ
ସ

ൈ
ସ

గ
ൌ 125 minutes to fill [1] 

During this time, the water level rises from 0 to 2.5 m. 

Average rate at which water rises ൌ ଶ.ହ	m

ଵଶହ	min
ൌ

ଶହ	mm

ଵଶହൈ	seconds
ൌ

ଵ

ଷ
	mm/s [1] 

Question 2d i 

ܸሺ݄ሻ ൌ ߨ10  ሺݕ  1ሻ݀ݕ
ଵା
ଵ , 0  ݄  2.5 [1] 
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Question 2d ii 

ܸሺ݄ሻ ൌ ߨ10 ቈ
ଶݕ

2
െ ݕ

ଵ

ଵା

 

ൌ ߨ10 ቆ
1  2݄  ݄ଶ

2
െ ݄ െ

1
2
ቇ 

ൌ ߨ10 ቆ
ሺ2݄  ݄ଶሻ

2
െ
2݄
2
ቇ 

ൌ  ଶ [1]݄ߨ10

∴
ௗ

ௗ
ൌ  [1] ݄ߨ20

ௗ

ௗ௧
ൌ

ௗ

ௗ

ௗ

ௗ௧
 [1] 

ൌ
ଵ

ଶగ
ൈ

గ

ସ
ൌ

ଵ

଼
 [1] 

Question 3a 
Use long division or CAS calculator to find: ܲሺݖሻ ൌ ݔ െ ହݔ  ସݔ െ ଷݔ  ଶݔ െ ݔ  1 [1] 

Then read off values: ܣ ൌ ܥ ൌ ܧ ൌ ܩ ൌ 1, ܤ ൌ ܦ ൌ ܨ ൌ െ1 [1] 

Question 3b 

 

Note that ݖ ൌ െ1 due to the ݖ  1 term in ܲሺݖሻ. 

[2 for roots] 

Question 3c 
ݖ  1
ݖ  1

ൌ 0 

ݖ ൌ െ1 ൌ cisሺെߨሻ [1] 

ݖ ൌ cis ቀ
ିగାଶగ


ቁ , ݊ ൌ െ2,െ1, 0, 1, 2, 3 (note that ݊ ൌ െ3 is excluded due to the ݖ  1 term in ܲሺݖሻ) [1] 

ݖ ൌ cis ቀെ
ହగ


ቁ , cis ቀെ

ଷగ


ቁ , cis ቀെ

గ


ቁ , cis ቀ

గ


ቁ , cis ቀ

ଷగ


ቁ , cis ቀ

ହగ


ቁ [1] 

Reሺݖሻ

Imሺݖሻ 
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Question 4a 
݂ ൌ 0 since the object is at rest [1] 

Question 4b 
Using resolution of forces: 

Perpendicular to the plank: ܰ െ݉݃ cosሺ30°ሻ ൌ 0, so ܰ ൌ 21.22	N [1] 

Parallel to the plank: ݂ െ݉݃ sinሺ30°ሻ ൌ 0, so ݂ ൌ 12.25	N (which is less than the maximum possible 
friction force, ܰߤ ൌ 14.85	N) [1] 

Question 4c 
Again, using resolution of forces: 

Perpendicular to the plank: ܰ ൌ ݉݃ cosሺ40°ሻ [1] 

Net force is parallel to the plank: 

݉ܽ ൌ ݂ െ݉݃ sinሺ40°ሻ 

݉ܽ ൌ ܰߤ െ݉݃ sinሺ40°ሻ 

݉ܽ ൌ 0.7 ൈ 2.5 ൈ 9.8 ൈ cosሺ40°ሻ െ 2.5 ൈ 9.8 ൈ sinሺ40°ሻ 

ܽ ൌ െ
ଶ.ଵ

ଶ.ହ
ൌ െ1.04	m/sଶ (ie. acceleration down the plank) [1 mark, must include direction] 

Question 4d 
Use constant acceleration equation ݒଶ ൌ ଶݑ  ݑ with ݏ2ܽ ൌ 0, ܽ ൌ 1.04	m/sଶ, ݀ ൌ 3	m and ݒ unknown: 

ݒ ൌ √2 ൈ 1.04 ൈ 3 ൌ 2.50	m/sଶ [1] 

 ൌ ݒ݉ ൌ 2.5 ൈ 2.50 ൌ 6.25	kg	m/s [1] 

Question 4e 
Use resolution of forces: 

Perpendicular to plank: 

normal	reaction	force െ gravity	component  pulling	force	component ൌ 0 

ܰ െ݉݃ cosሺ40°ሻ  20 sinሺ30°ሻ ൌ 0 (30° is the angle between the plank and the pulling force) 

ܰ ൌ 2.5 ൈ 9.8 ൈ cosሺ40°ሻ െ 20 sinሺ30°ሻ ൌ 8.77	N [1] 

Parallel to the plank, ignoring friction: 

pulling	force	component െ gravity	component ൌ 20 cosሺ30°ሻ െ ݉݃ sinሺ40°ሻ 

ൌ 1.57	N up the plane [1] 

Therefore, friction will act to oppose the motion of the box up the plane (ie. it will act down the plane) 

݂௫ ൌ ܰߤ ൌ 0.7 ൈ 8.77	N [1] 

Since the maximum frictional force is greater than the resolved force, the net force is 0. [1] 
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Question 4f 
It will remain stationary. [1] 

Question 5a 
AC ൌ ࢉ െ BC ൌ ,ࢇ ࢉ െ BA ൌ ,࢈ ࢇ െ  [2] ࢈

Question 5b 

OM ൌ ଵ

ଶ
ሺ࢈  ሻ, ON ൌࢉ ଵ

ଶ
ሺࢇ  ሻ, OP ൌࢉ ଵ

ଶ
ሺࢇ   ሻ [2]࢈

Question 5c i 
We know that OM ٣ BC and ON ٣ AC. Hence ܱܥܤ.ܯ ൌ 0 and ܱܰ. ܥܣ ൌ 0. [1] 

1
2
ሺ࢈  .ሻࢉ ሺࢉ െ ሻ࢈ ൌ 0 

.࢈ ࢉ െ .࢈ ࢈  .ࢉ ࢉ െ .ࢉ ࢈ ൌ 0 

ଶ|ࢉ| ൌ  ଶ|࢈|

∴ |ࢉ| ൌ |ࢉ| since |࢈|  0 and |࢈|  0. [0.5] 

1
2
ሺࢇ  .ሻࢉ ሺࢉ െ ሻࢇ ൌ 0 

.ࢇ ࢉ െ .ࢇ ࢇ  .ࢉ ࢉ െ .ࢉ ࢇ ൌ 0 

ଶ|ࢉ| ൌ  ଶ|ࢇ|

∴ |ࢉ| ൌ |ࢉ| since |ࢇ|  0 and |ࢇ|  0. [0.5] 

∴ |ࢇ| ൌ |࢈| ൌ  [1] |ࢉ|

Question 5c ii 

OP.BA ൌ ଵ

ଶ
ሺࢇ  .ሻ࢈ ሺࢇ െ ሻ࢈ ൌ

ଵ

ଶ
ሺࢇ. ࢇ െ .ࢇ ࢈  .ࢇ ࢈ െ .࢈ ሻ࢈ ൌ

ଵ

ଶ
ሺ|ࢇ|ଶ െ ଶሻ|࢈| ൌ

ଵ

ଶ
ሺ|ࢇ|ଶ െ ଶሻ|ࢇ| ൌ 0 

∴ OP ٣ BA since OP and BA ് . [1] 

Question 5d 
ଶ|ܥܣ| ൌ ሺࢉ െ .ሻࢇ ሺࢉ െ ሻࢇ ൌ .ࢉ ࢉ െ .ࢇ ࢉ െ .ࢇ ࢉ  .ࢇ ࢇ ൌ ଶ|ࢉ|  ଶ|ࢇ| െ |ࢉ||ࢇ|2 cos ߙ ൌ ݀ଶ  ݀ଶ െ 2݀ଶ cosߙ 

ൌ 2݀ଶሺ1 െ cos  ሻ [1]ߙ

Similarly, |ܥܤ|ଶ ൌ 2݀ଶሺ1 െ cosߚሻ [1] and |ܣܤ|ଶ ൌ 2݀ଶሺ1 െ cos  ሻ [1]ߛ

Hence, 

ଶ|ܥܣ|  ଶ|ܥܤ|  ଶ|ܣܤ| ൌ 2݀ଶሺ1 െ cosߙ  1 െ cosߚ  1 െ cos  ሻߛ

ൌ 2݀ଶሺ3 െ ሺcosߙ  cosߚ  cos  ሻ [1]ߛ

Question 6a 
ݔ ൌ 1, ݕ ൌ 1 

ଵݔ ൌ 1.1, ଵݕ ൌ ሺ1.1ሻݕ ൌ ݕ  ݄݂ᇱሺݔሻ ൌ 1  0.1 ቀ
ଶାଵ

ଶ
ቁ ൌ 1  0.1 ൈ 1.5 ൌ 1.15 [1] 

ଶݔ ൌ 1.2, ଶݕ ൌ ሺ1.2ሻݕ ൌ 1.15  0.1 ቀ
ଶ.ଶାଵ

ଶ.ଵ
ቁ ൌ 1.15  0.1 ൈ

ଷ.ଶ

ଶ.ଵ
ൌ 1.302 [1] 
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Question 6b 
ௗ௬

ௗ௫
ൌ

ଶ௫ାଵ

௫ାଵ
ൌ 2 െ

ଵ

௫ାଵ
 using partial fractions or any other suitable method 

ݕ ൌ න2݀ݔ െ න
1

ݔ  1
ݔ݀  ܿ 

ݕ ൌ ݔ2 െ log|ݔ  1|  ܿ [1] 

When ݔ ൌ 1, ݕ ൌ 1: 

1 ൌ 2 െ log 2  ܿ 

ܿ ൌ log 2 െ 1 

∴ ݕ ൌ ݔ2 െ log|ݔ  1|  log 2 െ 1 

ݕ ൌ ݔ2 െ 1  log ฬ
2

ݔ  1
ฬ 

ሺ1.2ሻݕ ൌ 2.4 െ 1  log ቀ
ଶ

ଶ.ଶ
ቁ ൌ 1.4  log ቀ

ଵ

ଵ.ଵ
ቁ [1] 

 


