








Question6 (Start a new piece of paper) Marks 

(a) (i) Find the vector projection of I Si+ Sj onto 6i- 8j. 2 

(ii) Hence break down 15i + Sj into components parallel and perpendicular

to 6i- 8j. 2 

(b) (i) Show that (n + 1)2(3n + 8) = 3n3 + 14n2 + 19n + 8 1 

(ii) Prove by Mathematical Induction that, for any positive integer n, 4 

_1_ + _1_ + _1_ + ...... +-1- = n(3n+S)

lx3 2x4 3x5 n(n+2) 4(n+l)(n+2) 

Question 7 (Start a new piece of paper) Marks 

(a) The beam shown below is to be hoisted using two chains.

)' 

; J: 

If the resultant force is to be 600N directed along the positive y-axis, 

(i) ·2

(ii) 

Given FA acts at 30° from the y-axis as shown, draw a vector 
diagram representing the situation and explain why the 

magnitude of FB is a minimum when 0 = 60° . Hence, 
determine the magnitudes of forces FA and FB acting on each 
chain ..

Question 7 continues over the page 
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MATHEMATICS Extension 1, Question 1 

Suggested Solutions Marks 

Awarded 

Marker’s Comments 

 

(a)  

(i)     𝐴𝐶⃑⃑⃑⃑  ⃑ = 𝐴𝑂⃑⃑ ⃑⃑  ⃑ + 𝑂𝐶⃑⃑ ⃑⃑  ⃑ = −𝑎̲ + 𝑐̲ = 𝑐̲ − 𝑎̲ 

 

(ii)    𝐴𝐷⃑⃑ ⃑⃑  ⃑ = 𝐴𝑂⃑⃑ ⃑⃑  ⃑ + 𝑂𝐷⃑⃑⃑⃑⃑⃑ = −𝑎̲ +
2

3
𝑐̲ =

2

3
𝑐̲ − 𝑎̲ 

 

(iii)    𝐴𝐸⃑⃑ ⃑⃑  ⃑ =
5

3
𝐴𝐷⃑⃑ ⃑⃑  ⃑ =

5

3
(
2

3
𝑐̲ − 𝑎̲) =

10

9
𝑐̲ −

5

3
𝑎̲ 

 

(iv)    𝐵𝐸⃑⃑ ⃑⃑⃑ = 𝐵𝐴⃑⃑ ⃑⃑  ⃑ + 𝐴𝐸⃑⃑ ⃑⃑  ⃑ = −𝑐̲ +
5

3
 𝐴𝐷⃑⃑ ⃑⃑  ⃑ = −𝑐̲ +

5

3
(
2

3
𝑐̲ − 𝑎̲) 

=
1

9
𝑐̲ −

5

3
𝑎̲ 

 
 

(b)  (i) 
𝑛 and (𝑛+ 1) are successive integers. Hence one will 

be even while the other, odd. The product of an odd 
integer with an even integer yields another even 
integer. Hence 𝑛(𝑛+ 1) is even.  

 

You could prove it using the definitions of even and 
odd, those being: 

  

• 𝑛 is even iff there is an integer 𝑘 such that 𝑛 = 2𝑘 

• 𝑛 is odd iff there is an integer 𝑘 such that 𝑛 = 2𝑘 + 1 

 

Take the product: 
 

𝑛(𝑛 + 1) = 2𝑘(2𝑘 + 1) 
 
which is even since 𝑘(2𝑘 + 1) is an integer given 𝑘 ∈
ℤ. And if 𝑛 = 2𝑘 + 1, then  

 
𝑛(𝑛 + 1) = (2𝑘 + 1)(2𝑘 + 1 + 1) 

 
= (2𝑘 + 1)(2𝑘 + 2) 

 
= 2(2𝑘 + 1)(𝑘 + 1) 

 
which is even since (2𝑘 + 1)(𝑘 + 1) is a combination 

of products and sums of integers given 𝑘 ∈ ℤ. 

 

 

1mark 
per 
correct 

vector.  
 

1 mark 
penalty 
for lack 

of vector 
notation. 

 
 
 

 
 

1 mark 
awarded 
for 

sufficient 
reasoning. 

No ‘hard’ 
proof 
required (1 

mark 
question). 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

 

Question was handled well 
generally.  
 

Only errors involved were 
those where direction was not 

identified correctly or scalar 
multiples of vectors incorrectly 
assigned. 

 
 

 
 
 

 
 

All students handled this well.  
   
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 



(ii)  
Let 𝑆(𝑛) be the statement that 6 divides 5𝑛3 + 7𝑛; i.e. 

  
6|5𝑛3 + 7𝑛 ↔ 5𝑛3 + 7𝑛 = 6𝑚 

 
 for some 𝑚 ∈ ℤ. 

 

 
 We test the base case at 𝑛 = 1: 

 
5(1)3 + 7(1) = 12 = 6 × 2 

 

The result is a multiple of 6, hence the statement is true     
for 𝑛 = 1. 

 
 

 
 
Now assume the statement 𝑆(𝑛) to be true. Then we  

consider 𝑆(𝑛 + 1): 
 

5(𝑛 + 1)3 + 7(𝑛 + 1) = 5𝑛3 + 15𝑛2 + 15𝑛+ 5 + 7𝑛 + 7 

 
= (5𝑛3 + 7𝑛) + 15𝑛2 + 15𝑛 + 12 

 
= 6𝑚 + 15𝑛(𝑛 + 1) + 12          

       
             (as 5𝑛3 + 7𝑛 = 6𝑚  by hypothesis). 
  

Now, by (i), 𝑛(𝑛+ 1) is even, hence 𝑛(𝑛 + 1) = 2𝐾 

for some 𝐾 ∈ ℤ. Hence we may continue as 

 
6𝑚 + 15𝑛(𝑛 + 1) + 12 = 6𝑚 + 15(2𝐾) + 12 
 

= 6(𝑚 + 5𝐾 + 2) 

 
Since 𝑚,𝐾 ∈ ℤ, we have that (𝑚 + 5𝐾 + 2) ∈ ℤ,  

meaning 6 divides 5(𝑛 + 1)3 + 7(𝑛 + 1) if 6 divides 

5𝑛3 + 7𝑛. 

 
Hence if 𝑆(𝑛)  is true, then 𝑆(𝑛 + 1) is true.  

 
As 𝑆(1) is true, it follows by the principle of 

mathematical induction that 𝑆(𝑛)  is true for all 𝑛 ∈ ℕ. 

 
 

 
1 mark 

awarded for 

setup of 

correct 

mathemat-

ical form 

and 

reasonable 

working 

from there to 

the point of 

the quadratic 

in  

𝑆(𝑛 + 1).  

 
1 mark for 

base case.  
 

 
 
 

 
1 mark for 

dealing 
appropria-
tely with 

this 
section 

where use 
of part (i) 
was made, 

or a 
separate 

induction.  
 
1 mark for 

correct 
finish, 

identifying 
correctly 
that the 

LHS of 
𝑆(𝑛+ 1) 
is a 
multiple of 

6.   

 
Great majority of students 
established this correctly.  

 
 

 
 
 

All students established the 
base case.   

 
 
 

 
 

 
 
 

 
 

 
Most students satisfied this 
part using the result of part (i). 

Those who didn’t use part (i) 
either used a second induction 

(fine, but more work) or 
stopped – can’t proceed from 
this point without showing the 

quadratic to be divisible by 6.  
 

 
 
 

 
Those who were able to 

continue needed to then finish 
appropriately by identifying 
𝑆(𝑛+ 1) as being of form 6𝐾 

for 𝐾 some integer.  

 
This part was finished well. 
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