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YEAR 12 

MATHEMATICS EXTENSION 1 

HSC Assessment Task 3 

2022 

Reading time : 5 minutes 

Writing time : 60 minutes 

Total marks :  50 

Topics:   Mathematical Induction; Further Calculus; Motion, Forces and Projectiles 

 

General Instructions: 
• There are four (4) questions which are of approximately equal value. 

• Attempt all questions. 

• Show all necessary working.  Marks may be deducted for badly arranged work or 

incomplete working. 

• Start each question on a new page. Write on one side of the paper only. 

• Diagrams are NOT to scale. 

• Board-approved calculators may be used. 

• Write using a black or blue pen.  

• White-out or correction tape is NOT to be used. 

• A correct answer without working may be awarded a maximum of 1 mark. 

• A Mathematics reference sheet is provided. 
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Question 1 (13 marks) 

 

(a) Differentiate:    𝑦 = 4 sin−1 𝑥        1 

 

 

(b) Find:     ( )2 22 sec  x x dx        1 

 

 

(c)  Find:     
216 9

dx

x+





        2 

 

 

(d)  Use the substitution  𝑢 = 𝑥2 + 1  to evaluate:      3 

      
3 2 4

1

0

( 1)x x dx+  

 

 

(e) A ball is projected horizontally from the top of a 15 m high cliff with a velocity  

of  20 m/s.  Assume  𝑔 = 10 m/s2 .   

 

(i) Prove the following expressions for  𝑥  and  𝑦 , in terms of  𝑡 : 

   20x t=  and 25 15y t= − +        2 

 Hence, find: 

(ii) the time taken to reach the water.  (Answer to 2 decimal places).   1 

(iii) the horizontal distance travelled.  (Answer to 1 decimal place).   1 

(iv) the acute angle the ball makes with the horizontal when it hits the water.   

(Answer to the nearest degree).       2 
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Question 2 (12 marks) 

 

(a) Find the derivative of:  1cos 1y x−= − .   

Express your answer without  negative indices.      2 

 

 

 

(b) The diagram below shows an ellipse which has the equation  4𝑥2 + 𝑦2 = 16. 

Find the exact volume of the solid formed when the area inside the ellipse is  

rotated about the x -axis.         3

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) Prove by mathematical induction that for all integers 1n  :    

  9 3n +  is divisible by 6        3 

 

 

 

 

 

 

Question 2 continued on next page 

 

  

 

y 
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Question 2 continued 
 

 

(d) In still water, Bella can swim at 3 m/s. Bella is at point 𝐴 on the edge of a canal, and  

considers point 𝐵 directly opposite. A current is flowing from the left at a constant  

speed of  0.8 m/s . 

 

 

 

 

 

 

(i)  If Bella dives in straight towards 𝐵, and swims without allowing for the current,  

 what will her actual speed and direction be?  Answer to 2 decimal places.  2 

 

(ii)  Bella wants to swim directly across the canal to point 𝐵.  At what angle should  

 Bella aim to swim in order that the current will correct her direction and what  

 will Bella’s actual speed be?        2 

 

 

 

 

 

 

 

 

 

 

 

A 

B 

 

      current 0.8 m/s 

N 
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Question 3 (12 marks) 

 

(a) Find the equation of the tangent to the curve  𝑦 = 𝑒tan−1 𝑥  at the point where the 

curve cuts the 𝑦 −axis.         3 

 

 

 

(b) The diagram shows three forces which act in the same plane and are in equilibrium. 

                                                                                                   𝐹   

 

                                              6 N                         𝜃 

                                                           

                                                                        5N 

 

(i)  Find the magnitude of the force 𝐹.       1 

 

(ii)  Find the value of  𝜃, correct to the nearest degree.     2 

 

 

 

(c) Prove by mathematical induction that for all positive integer values of n:    

  
1 1 1 1

 .... 
1 3 3 5 5 7 (2 1)(2 1) 2 1

n

n n n
+ + + + =

   − + +
     3 

 

 

 

(d) The parabola  𝑦 = 4𝑥 − 𝑥2  and the line  𝑦 = 2𝑥  intersect at the points (0,0) and (2,4). 

 The region between the curves is rotated about the 𝑦 −axis to form a solid of  

revolution.  Calculate the exact volume of this solid.      3 
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Question 4 (13 marks) 

 

(a) Find:              2 

∫ cos 3𝑥 (tan 3𝑥 − sin 3𝑥) 𝑑𝑥  

 

 

(b)  Using the substitution  𝑥 = 2 sin 𝜃 − 1 , find:       3 

∫ √1 − 𝑥 √𝑥 + 3 𝑑𝑥 

 

 

(c)  A volleyball player serves a ball with initial speed 

 V  metres per second at an angle of projection of 

 45  to the horizontal.  

 

The ball is 1 metre above the ground at the moment 

of projection. 

 

For the following, assume that 𝑔 = 10 m/s2. 

 

 

(i) State in component form  𝑎̰(𝑡) , 𝑣̰(0) and  𝑟̰(0).     1 

 

(ii) Hence, show the vector displacement of the ball is given by:    2 

 

2( ) 5 1
2 2

Vt Vt
r t i t j

   
= + − +   
   

 

        

(iii) At the moment of projection, the horizontal distance of the ball from the   2 

net is 9 metres. The ball just clears the net, which is 2 metres high.  

Calculate the amount of time it takes for the volleyball to reach the net. 

Give your answer in seconds, correct to 2 decimal places. 

 

(iv) Determine the time the volleyball takes to travel from its maximum height  3 

to the ground. 

Give your answer in seconds, correct to 2 decimal places. 

 

End of paper 

 

 

 

 

 

 






























