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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax® +bx+c¢=0,

= —b++b* —4ac

X
2a
Binomial Expansion
n n n ny ...
(a+b) =a"+| |a"'b+| |a"b*+...+| | +..+b",
1 2 r
n 1 nin=1)...(n—r+l
where # is a positive integer and = e = ( ) ( )
r r!(n—r)! r!

2. TRIGNOMETRY

Identities
sin> A+cos* A=1
sec’ A=1+tan’> 4
cosec’ A=1+cot’ 4
sin(AiB)=sinAcosBicosAsinB
cos(AiB) =cos Acos B¥sin Asin B
+
tan(AirB): tan A +tan B
IFtan Atan B
sin2A4 =2sin Acos A
cos2A=cos’ A—sin* A=2cos> A—1=1-2sin> A4
tan 2A=ﬂ%
I—tan” 4
Formulae for AABC
a b (&

sin A :sinB sinC
a*=b*+c*-2bccos A

AzlbcsinA
2



k .
(i) Giventhatthe line y = 2x—k meets the curve y = Zx' —2kx +1, find the range of values

of k. (4]

; 1 . . .
(i) A student claimed that when k = > the curve does not intersect the line. By showing

your workings clearly, explain whether the statement is valid. 2]



1 32 16

2 A triangle has a base of | ——=————+ m and a height of # m. Given that the area of the
: [ﬁ 2 J@J ¢

a\/g+b

5
where a and b are integers. [5]

triangle is (2\/5—\/5) m”, find, without using calculator, the value of % in the form



3

(i) Show that 3x* —5x +211is always positive for all real values of x. (3]

(i) The curve y=ax", where a and n are constants, passes through (2,48). (3. 108) and

(k,192). Find the values of a, n and k where k> 0. [3]



2x+3
(a) Given that f(x)z il

(b) Find the set of values of x for y = ln(

3+8x

——, find f' (%)«
— ind f'(x)

8x—

] to be a decreasing function.

(3]



2x° —4x* +13x-10

(a) Explain why e is considered an improper fraction. [1]
X +4)(x -
3 4.2 _
(b) Express 2x( 24x4;13x2)10 in the form of A+(2—B%+(£55 and hence, express
X +4)(x— X" +4)(x—
2x° —4x* +13x-10
in partial fractions. [6]

(x* +4)(x-2)



(a) Given that 6x2—9x+]8=A(2x+l)(x—l)+B(x—2)+C for all values of x, find the
values of 4, B and C. [3]

(b)  Given that f(x)=2x"—11x" +3x+36, show that 2x+3 is a factor of f(x) and hence
solve the equation f(x)=0. [5]



4
7 Without using a calculator, evaluate log; 9+ 2110g5 i 198, 3 . [4]
0855

. . . m
8  Simplify 2**x9" = 6" in the form ( 3X6 ) =9, where m and » are integers.

.. . . Ina .
Hence solve for x, giving your answer in the simplest form ——, where a and b are integers.

In
[5]
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The function f'is defined, for 0° <x <180°, by f(x) =c+acosbx, where a, b and c are integers.

Given that the amplitude of f is 4 and the period of fis 120°,

(i) state the value of @ and of b, [2]

Given that the minimum value of fis =5,

(ii)  find the value of ¢, [1]

(iii) sketch the graph of y =f(x) for 0°<x<180°. [3]

(iv) A line y=k is drawn on the graph of y = f(x). State the range of values of k that will
give 3 intersections. [1]



10 The diagram shows an outline of a board, ABCDE, consisting of a rectangle ABCE of height 4
cm and width 24x cm and an isosceles triangle CDE in which CD = DE = 13x cm. The perimeter

of the board is 480 cm.

A

(a) Show that the area of the board, 4 cm?, is given by A4 = 5760x—540x".

o
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B

(b) Calculate the stationary value of 4 and determine whether it is a maximum or a minimum.

[5]



¢, show that

(@) If acos’@+bsin’ 6



(b) (i) Given that \/(Ecosz x —sin x) =2sinx, show that 6sin” x+sinx-2=0.  [2]

(ii) Hence, solve the equation \/(2(:052 X —sin x) =2sinx for 0<O<2n. [4]



12 The positive x- and y-axes are tangents to a circle C with equation (x—a)2 +(y~b)2 =17 ¢

(a)  What condition(s) must apply to the constants a, b and r? [1]

(b) Itisgiventhat N (1, 2) is a point on the circle and it is further from the centre of the circle
C as compared to the origin. Show that the coordinates of the centre M are (5, 5) . 4]



(c) Find the equation of the tangent to C at the point N. [3]

(d) The tangent intersects the axes at the points P and Q. The point R has coordinates
(k2, - k) , where @ > 2. Find the area of the quadrilateral MPQOR in terms of k. [4]



13

(a) Show that sin2xcotx=2cos”x.

(b)  Hence, without using a calculator, find the value of the constant k for which

J'fcosec 6xtan 3x dx = % )

18
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax’ +bx+c¢=0,

_ -b+b* —4ac

X
2a
Binomial Expansion

n nyo ny o ny ...

(a+b) =a”+(1]a” 1b+(2ja" ' 3 +‘,.+( )a” b+, +b",
#
! -1)...(n—r+1
where 7 is a positive integer and e = :n(n ) (m =7 )
r r!(n—r)! r!

2. TRIGNOMETRY

Identities
sin® A+cos® A=1
sec’ A=1+tan’ A4
cosec’ A=1+cot* 4
sin (4% B) =sin Acos B + cos Asin B
cos(A+ B) = cos Acos B Fsin Asin B
+
tan(AiB): tan A +tan B
| Ftan Atan B
sin2A4 = 2sin Acos A
cos2A=cos’ A—sin* A=2cos’ A-1=1-2sin’> 4
2tan A
tan24 =02
I—tan” A4
Formulae for AABC
a b c

sind sinB sinC
a* =b* +c* =2bccos A

A= lbcsin A
2



(a) Find, in terms of », the coefficient of x' in the expansion of (2 ~5x )” ;

Write your answer in its simplest form. [2]

(b) (i) Write down the first three terms, in ascending powers x, in the binomial expansion

of (I1+ ax)8 , where a is a constant. [2]

(ii) Given that the expansion of (l—3x)2 (l+ax)8 in ascending powers of x is

14+10x +bx* +..., calculate the value of a and of b. [3]



The mass, m grams, of a radioactive substance remaining, 7 days after being measured is given
by m=12¢"" +0.5.

(a) Find the initial mass. [1]
(b) Sketch the graph of m =12¢™""" +0.5 for 1>0. [2]
m
A
> [
O

(¢) Find the least number of complete days needed before the amount of substance is reduced
to less than 5% of its initial mass. [3]

(d) Explain why the mass of the radioactive substance can never be less than 0.5 g. [2]



3

Do not use a calculator for this whole question.

(a) Itis given that tan 4 =—]8§ and sin B = —%, and that 4 and B are in the same quadrant.

Calculate the values of

(i) sin2B,

(ii) cos(A4+B).






4

A curve has equation y =4xsin2x.

If

d’y dy

@ dx

+4y = Asin 2x+B(x+2)cos2x, find the value of 4 and of B.



5

(a)

The curve y =f(x) is such that f'(x)=3e" +e™".
(i)  Explain why the curve y =f(x) has no stationary points.

(if)  Given that the curve passes through the point (0,2),
find the expression for f(x).

(2]

2]



(b) (i) Giventhat y=(4x-5)e™", find %y); [2]

2 X . . . .
(ii) Hence evaluate JO 4xe™ dx . giving your answer correct to 3 significant figures.

(3]



A particle moves in a straight line such that, 7 seconds after leaving a fixed point O, its velocity,

v-m/s, is given by v=1¢>-9¢+8. The particle comes to instantaneous rest firstly at 4 and then
at B.
(a) Find an expression, in terms of , for the displacement of the particle from O. [2]

(b) Find the total distance travelled by the particle in the first 5 seconds after passing O. [4]



(¢) Given that C is a point at which the particle has minimum velocity, determine with
working, whether C is nearer to O orto B. [3]



A study was performed to assess the number of ants, y, in a colony  weeks after the experiment
began.

!
It is known that the variables y and ¢ can be modelled by the equation y = ab*, where a and b

are constants. The table below shows the values of y and .

t 2 4 6 8 10
y 1020 1338 1757 2345 3104
(@) Plot Iny against 7 on the grid provided and draw a straight-line graph. [2]
Iny
A
as
o > ¢

( 2 0 8 )




(b) Use your graph to estimate the value of @ and of . [4]

(¢) - Use your graph to estimate the number of weeks needed for the population of the ants to
be doubled from the start of the experiment. [2]

(d) Explain why this model cannot be used five years from the start of the experiment.  [1]



8 The diagram shows a figure ABCDE in which ZBDC = ZBEA= ZABC =90°, AB=12 cm,
BC =9cm and £BAE =6 where 0°< 8 <90°.

B

A

(a)  Show that the perimeter, P cm, of the figure is given by

P=21+21sin6+3cosb. [3]

(b) Express P in the form k+ Rcos («9 — a) , where £ is a constant. (3]






The diagram shows part of the curve y =

4 . .
—4, cutting the x-axis at R (3,0).
2x-5

The tangent to the curve at P cuts the x-axis at Q. The normal to the curve at P is parallel to the
line 8y =9x+16.

(a) Find the equation of the tangent to the curve at P. [5]



(b) Without doing any calculation, explain clearly why J

(c)

5
J : —4dx.
3 2x-5

Calculate the area of the shaded region RPQ.

4

3

2x=5

—4dx is greater than

[1]
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A &

In the diagram, 4, B, C, D and E lie on a circle such that C4 bisects angle BCE .
The tangent to the circle at 4 meets CE produced at 7. Angle CDE is three times the angle ACB.

(a) Prove that CFE is parallel to BA. [5]






11

%

The diagram shows a right circular cylindrical metal rod which is expanding as it is heated.
After ¢ seconds the radius of the rod is x cm and the length of the rod is 5x cm.
The cross-sectional area of the rod is increasing at a constant rate of 0.035 cm? per second.

(a) Given that the rate of increase of the radius of the rod is 0.005 ¢cm per second, find
the length of the radius at this moment. [3]

(b) Find the rate of increase of the radius of the rod when the volume of the rod is
1357 cm®, giving your answer to 3 significant figures. [4]



