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Mathematics Extension 1 
 
Staff Involved: Wednesday March 31 
●  ARM ●  ARP* ●  BHC ●  DZP  
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TOPICS COVERED: 

Combinatorics Binomial Theorem Further Rates 

Trigonometry Further Graphs Polynomials 

Induction   
 
 
General 

Instructions: 
• Working time – 2 hours  
• Write using black pen 

• Calculators approved by NESA may be used 

• A separate reference sheet is provided 
• For questions in Section II, show relevant mathematical 

reasoning and / or calculations 
• Marks may not be awarded for careless or poorly arranged 

working 
 

Total marks: 

80 

Section I – 8 marks (pages 2 - 5) 
• Attempt Multiple Choice Questions 1 – 8 
• Allow about 15 minutes for this section 

 
Section II – 72 marks (pages 7 - 12) 
• Attempt Questions 9 - 14 
• Show all necessary working 
• Allow about 1 hour and 45 minutes for this section 
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Section I 
 
8 Marks 
Attempt Questions 1-8 
Allow about 15 minutes for this section 

 
Use the multiple choice answer sheet for Questions 1-8. 

 

1 A polynomial equation has roots α,  β and γ where 
 
α + β + γ = −2,  αβ + αγ + βγ = 3 and αβγ = 1. 
 
Which polynomial equation has roots α,  β and γ? 
 
(A) 1! + 21" + 31 + 1 = 0 

 
(B) 1! + 21" + 31 − 1 = 0 

 
(C) 1! − 21" + 31 + 1 = 0 

 
(D) 1! − 21" + 31 − 1 = 0 

 
 
 
 

2 A family of 8, comprising 2 parents and 6 children, are seated randomly around a 
circular table. 
 
What is the probability that the 2 parents sit together? 
 

(A)  

 

(B)  

 

(C)  

 

(D)  

 
 
 

1
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2
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1
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1
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3 A circle with centre (3, −4) passes through the origin.  
 
Which of these is the equation of the circle? 
 
 
(A) 1 = 3 − 5 cos : ; = 4 + sin : 

 
(B) 1 = 3 − 5 cos : ; = 4 − sin : 

 
(C) 1 = 5 cos : − 3 ; = 5sin : + 4 

 
(D) 1 = 5 cos : + 3 ; = 5sin : − 4 

 
 

4 What is the smallest number of people that can be assembled such that it is 
guaranteed that at least two people share the same initials of their first and last 
name? (eg Jessie Cummings and Joshua Cavill) 
 
 
(A) 27 

 
(B) 53 

 
(C) 677 

 
(D) 1353 

 
 

5 The angle : satisfies  and . 

What is the value of ? 
 
 

(A)  

 

(B)  

 

(C)  

 

(D)  

5sin
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2
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6 Which of the following graphs best represents the inverse of ? 

 
 
(A)  

 
 

(B)  

 
 

(C)  

 
 

(D)  

 
 
 

2 xy -=
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7 When expanded, which expression has a non-zero constant term? 
 
 

(A)  

 

(B)  

 

(C)  

 

(D)  

 
 
 
 

8 A tanker has suffered an oil spill and a circular oil slick is floating on the surface 
of the water. 
 
The area of the oil slick is increasing by . 

 
At what rate is the radius increasing when the area of the oil slick is ? 

 
(A)  

 
(B)  

 
(C)  

 
(D)  
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Section II 
 
72 Marks 
Attempt Questions 9-14 
Allow about 1 hour and 45 minutes for this section 
 
Answer each question on the appropriate writing booklet. Extra writing booklets are 
available. 
 
In Questions 9-14, your responses should include relevant mathematical reasoning and/or 
calculations.  

 

Question 9 (12 Marks) Use the Question 9 Writing Booklet 
 

(a) Solve the inequality  . 3 

 
 
 

(b) The roots of  are . 

 
(i) Show that . 1 

 
 

(ii) Using part (i), and similar results, evaluate  3 
 

 . 

 
 
 

(c) The polynomial =(1) = >1! − 41" + 3?1 + 2 has a factor of (1 − 1) and  2 
leaves a remainder of 24 when divided by (1 + 2).  
 
Find the values of > and ?. 
 
 
 

(d) Use mathematical induction to prove that  is a multiple 3 
of 7 for integers . 
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Question 10 (12 Marks) Use the Question 10 Writing Booklet 
 

(a) Showing all working, find the exact values of: 
 
 

(@)       . 1 

 
 

(A)      . 2 

 
 
(B)       . 2 
 
 
 

(b) Consider the function . 

 
(i) State the domain and range of . 2 

 
 

(ii) Sketch the function , clearly indicating all intercepts. 2 

 
 
 
 
 

(c) Use the double angle result to prove the following: 3 
 

. 
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Question 11 (12 Marks) Use the Question 11 Writing Booklet 
 
 

(a) Given that , evaluate  and . 3 

 
 
 
 

(b) Consider the expansion of . 

 
(i) Show that there is no term in 1#. 2 

 
 

(ii) By considering the co-efficients of 1! and 1$ in the above expansion,  3 
find the co-efficient of 1$ in the expansion of 
 

. 

 
 
 
 

(c) A standard pack of 52 cards consists of 13 cards of each of the four suits: 
spades, hearts, clubs and diamonds. 
 
 
(i) In how many ways can six cards be selected so that exactly two are  1 

hearts and four are diamonds?  
 
 

(ii) In how many ways can six cards be selected if at least five must  3 
be of the same suit? 
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Question 12 (12 Marks) Use the Question 12 Writing Booklet 
 
 

(a) Consider the function  . 

 
 
(i) State the equations of the horizontal and vertical asymptotes for 1 

. 

 
 

(ii) Find the inverse function . 2 

 
 

(iii) State the domain of . 1 
 
 

(iv) Sketch the graph of  indicating all asymptotes 2 

and intercepts. 
 
 
 
 

Answer Question 12 (b) and (c) on the separate answer page supplied. 
Hand it in with your booklet for Question 12. 
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Question 13 (12 Marks) Use the Question 13 Writing Booklet 
 

(a) Dr Watson wishes to find the temperature of a very hot substance using his 
thermometer, which only measures up to 100℃. Dr Watson takes a sample of  
the substance and places it in a room with a surrounding air temperature of 20℃, 
and allows it to cool. 
 
After 6 minutes the temperature of the substance is 80℃, and after a further 2 
minutes it is 50℃. If E is the temperature of the substance after F minutes, then 
Newton’s law of cooling states that E satisfies the equation 
 

. 

 
where G is a negative constant and H the surrounding air temperature.  
 
 
(i) Verify that  satisfies the above equation. 1 

 

(ii) Show that , and hence find the value of .  3 

 
(iii) Hence find the initial temperature of the substance. 1 

 
 
 

(b) Solve  2 

 
 
 

(c) Consider the set of integers from  inclusive. How many integers must  2 
be selected to guarantee at least 2 pairs of integers have a sum of ?  
 
 
 

(d) A 4	metre ladder rests on level ground against a vertical wall. The foot of  3 
the ladder is slipping away from the wall at the constant rate of 0.6 m/min.  

Show that the top of the ladder is slipping down the wall at   

at the instant when the foot of the ladder is 2 m away from the wall. 

 

  

( )dT k T A
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1 15-
19
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Question 14 (12 Marks) Use the Question 14 Writing Booklet 
 

(a) By considering the expansion of  and using an 3 

appropriate substitution prove the following: 
 

. 

 
 
 

(b) Use the principle of mathematical induction to show that for  4 
all positive integers  
 

. 

 
 
 

(c) In a colony of 200 birds the number  infected with a disease at time  is  
given by 
 

 

 
where  is a constant and  is in years.  
 
 
(i) Show that all birds will eventually become infected. 1 

 
 

(ii) Show that . 3 

 
 

(iii) By considering the graph of , or otherwise, determine the 1  

infected population when the rate of infection is greatest. 
 
 
 
 

END OF PAPER 
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Additional Answer page for Question 12 (b) and (c) 

Please place inside your Question 12 booklet. 

 

(b) The diagram below shows the graph of . 3 

Sketch on this answer page  showing all asymptotes and intercepts. 

 

 
 
 

(c) Below is a graph of  for . 3 

Sketch on this answer page  for  indicating all intercepts. 
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       Solutions 
1.       4.  

 
 
 
 
 
 
 
 
 
      5. 
 
 

2.  
 

 
 
 
 
 
 
 
      6.  
 
 
 
 

3.  
 
 

 
 
 
 
      7.  
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8.        9b ii) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9. a)  
 
 
 
 
       9c) 
 
 
 
 
 
 
 
 
 
 
 
 
9b i)  
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9d)        10b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       10c) 
 
 
 
10a)@) 
 
 
 
 
 
 
 
A) 

 
B) 
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11a) 
 
 
 
 
 
 
 
 
11b) 
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11c)       12a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12a)         
       12b) 
 
 
 
 
 
 
 
 
 
 
 
 
       12c) 
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13a) 
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13c) 
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13d) 
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14a) 
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