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Mathematical Formulae 
 

1.  ALGEBRA 
 

Quadratic Equation  
 For the equation 02 =++ cbxax , 

a
acbbx

2
42 −±−

=  

 
Binomial Expansion 

( ) 1 2 2    ...   ...
1 2

n n n n n r r nn n n
a b a a b a b a b b

r
− − −     

+ = + + + + + +     
     

, 

 where n is a positive integer and ( )
( ) ( ) 1 ... 1 !

 !  !  !
n n n n rn
r r n r r

− − + 
= =  − 

 

 
 

2.  TRIGONOMETRY 
Identities 

2 2sin cos 1A A+ =  
2 2sec 1 tanA A= +  

2 2cosec 1 cotA A= +  
( ) BABABA sincoscossinsin ±=±  

( )cos cos cos sin sinA B A B A B± =   

( )
BA
BABA

tantan1
tantantan



±
=±  

AAA cossin22sin =  
2 2 2 2cos 2 cos sin 2cos 1 1 2sinA A A A A= − = − = −  

2

2 tantan 2
1 tan

AA
A

=
−

 

 

Formulae for ΔABC  

sin sin sin
a b c

A B C
= =  

2 2 2 2 cosa b c bc A= + −  
1 sin
2

bc A∆ =  
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1 

 
(a) Without using a calculator, express  1925 108 243

2
− +   in the form 3a , 

where a is an integer. 

 
[2] 

 

 

 

 

 

 

 

 

 

 

  

(b) Given that  5 2p = + , express  2
1

p
p
+
−

  in the form of  5a b+ , where a and b are 

rational numbers. [3] 
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2 (a) Show that  d cos 2 2
d 1 sin 2 1 sin 2

x
x x x
  = − + + 

. [4] 

 

 

 

 

 

 

 

 

 

 

 

 

  



5 
 

NAS/2025/Prelim/AM-NA/P2 
 
 
 

  
(b) Hence find  

( )
π
4

0

1 d
8 1 sin 2

x
x+∫  . 

 
[4] 
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3 

 
(a) Express  

( )

3 2

2
2 12 14 5

1
x x x

x x
+ + +

+
  in the form  

( )

2

2 .
1

qx rx sp
x x
+ +

+
+

 [1] 
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(b) Hence express  

( )

3 2

2
2 12 14 5

1
x x x

x x
+ + +

+
  in partial fractions. [5] 
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4 
 

(a) Given that the line  6y m x= −   is a tangent to the curve  210 2y x nx m= − + , show that  
  m cannot be negative. [4] 
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 (b) Find the range of values of  k  for which 
 

  (i) the graph of  22 6 1y x x k= − + +   lies completely above the x-axis, [2] 
 

 

 

 

 

 

 

 

 

 

  (ii) ( )2 1kx k x k+ + +   is always negative. [3] 
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5 A scientist is studying how the concentration of a chemical solution (c, in mg/L) decreases over 
time (t, in hours) during a natural breakdown process. 

The table below shows some recorded values of t and c. 

t 0.8 1.0 1.2 1.4 1.8 
c 21.0 15.0 10.8 7.5 2.1 

It is believed that c and t are related by the equation  bc at
t

= + , where a and b are constants. 

 
 (a) Express the given equation in a form suitable for drawing a straight line graph, and using 

  suitable scales, draw the graph for the values given on a graph paper. [4] 
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 (b) Use your graph to estimate the value of each of the constants a and b. [3] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (c) The chemical is considered harmful to plants when its concentration exceeds 30 mg/L. 
Use your graph to determine whether the chemical is safe for plants at time t = 0.5. 
Justify your answer. 

 
 

[2] 
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6 It is given that  ( )2log log 3 2 2w wy wx x= + − − , where w is a positive integer and  1.w ≠  
 

 (a) Write down the range of values of x for which y is defined. [1] 
 
 
 
 
 
 
 
 
 
 
 
 

 (b) Show that y can be written as   ( )3 2log 3 2w x x− . [4] 
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 (c) Hence show that  0y =   has only one real root. [5] 
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7  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The diagram shows part of the curve  3 23 13 15y x x x= + − −   and the line  9 9y x= + . The curve 
intersects the line at the points A, B and C. The curve intersects the x-axis at points  
( ) ( )5,0 , 3,0  and point .B−  

 
 (a) Find the coordinates of points A and B. [4] 

 
 
 
  

y 

x O 

A 

B 

C 

 

 

−5 3 
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 (b) Hence find the area of the shaded region. [6] 
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F 

A 

C 

B 

D 

E 4 cm 6 cm 
θ 

8  
 
 
 
 
 
 
 
 
 
The diagram shows the top view of a garden layout, where FC is a pathway that cuts across the 
garden. It is given that  angle AFE θ=   and  angle angle angle 90ABC FAD EDC= = = ° .  
CF intersects AD at E, with 4 cm and 6 cm.CE FE= =  ABCE is a raised garden bed in the shape 
of a trapezium and  0 90 .θ° < < °  

 
 (a) Show that the perimeter of ABCE, P cm, is given by  4 16sin 4cosP θ θ= + + . [2] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (b) Express  4 16sin 4cosP θ θ= + +   in the form  ( )sinc R θ α+ + , where c is a constant, R  
  is a positive constant and α is acute. [3] 
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 (c) Find the maximum exact value of P and the corresponding value of θ. [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (d) Find the value of θ when the perimeter of ABCE is 15 cm. [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (e) Without calculating the exact value of θ, decide whether the perimeter of ABCE 
could be 20 cm. Explain your reasoning. 

 
[1] 
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9 A curve has the equation  ( )2 3 2
5

xe x
y

+
= . 

 

 (a) Find the x-coordinate(s) of the stationary point of the curve. [5] 
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(b) Find  

2

2

d
d

y
x

  and hence determine the nature of the stationary point. [4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (c) Explain why given that when  1,x > −  the gradient of the curve is positive. [2] 
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10 A circle passes through the points ( )4, 3D − −  and ( )4, 7E − .  
The line with equation  4 3 15y x= −  is a normal to the circle at a point F. 

 
 (a) Showing all your working, find the equation of the circle. [7] 
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 (b) Explain why the point ( )1,1−  lies inside the circle. [2] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (c) The line  3y x= −   intersects the circle at points P and Q. Determine, with working, 
whether the line segment PQ is a possible diameter of the circle. 

 
 

[2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

End of Paper 
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