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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax’ +bx+c=0,

_ —b++b* —4ac
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Binomial expansion
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where 7 is a positive integer and Tl rn=)..(n=r+1) .
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2. TRIGONOMETRY

Identities
sin® A+cos* A=1
sec’ A=1+tan” 4
cosec’A =1+cot’ 4
sin(Ax B) =sin Acos B+t cos Asin B
cos( A+ B)=cos Acos BFsin Asin B
tan 4 +tan B

1¥tan Atan B
sin2A4 =2sin Acos A

cos2A=cos’ A—sin> A=2cos> A—1=1-2sin’* 4

tan(A£ B) =

tan24 = ﬂ
1-tan~ 4
Formulae for AABC
a b c

sin 4 B sinB  sinC
a’> =b* +c* —2bccos A

A zlbcsinA
2
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Do not use a calculator in this question.

Given cos 4= —% for 180° < 4 <360°, express cot 4 in the form of h\/g where £ 1s a

rational number. [3]
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sin2B

(a) Given that tan 4 =3tan B, show that tan(A - B) =
1+2sin” B

[4]
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(b) (@) Solve, in terms of 7, the equation cos 2x = \/5 cosx—1 for 0<x<2x. [4]

(ii) Hence solve, in terms of 7, cos x = \Ecos% —1 for 0<x<2r. [1]
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A computer animation shows a cartoon person walking in a straight line such that # seconds
after it passes through a fixed point O, its velocity, v cm/s, is given by v = pt —12¢*,
where p is a constant.

(a) Given that the cartoon person attains a maximum walking speed at 2 seconds,
show that p =48 and hence find the maximum speed. [3]

(b) Explain clearly why the total distance travelled by the person in the first 7 seconds
is not obtained by finding the value of the displacement, s, when ¢t =7. [2]
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(c)  Find the total distance travelled by the person in the first 7 seconds. [4]
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4  Acircle C,, with centre C and radius 7 units, has equation x* + y*> —4x+8y—16=0.

(a) Find the coordinates of C and the value of r. [3]

(b) Acircle C, is the reflection of the circle C, in the line y =3.
Find the equation of the reflected circle C, and justify with reasons whether circles

C, and C, intersect each other at 2 points, touch each other at 1 point or do not touch
each other. [4]
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A formula for working out the braking distance d, for a vehicle travelling at

speed v, is d = av’ +bv*, where a and b are constants.

Values of d for different values of v have been collected.

Explain how a straight line can be drawn to represent the formula, and state how

the values of @ and b could be obtained from the line. [4]
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The value, $7, of a limited edition watch has been increasing each year from 2016 to
2025. A watch trader claims that the increase is exponential and so can be modelled
by an equation in the form

V=ve,

o

where V, and k are constants and ¢ is the time in years since 1% January 2016.
The table below gives values of V" and ¢ for some of the years from 2016 to 2025.

Year 2016 2019 2022 2025
t years 0 3 6 9
s$V 12000 12950 13900 15000

@) Plot InV against ¢ and draw a straight line graph to show that the model is
valid for the years 2016 to 2025. [3]
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(i)  Using your graph, estimate the value of V and k. (4]

(iii)  Explain the significance of the value of V. [1]

(iv)  Using your graph, estimate the value of the watch on 1% January 2023.  [2]
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(a)  The equation of a curve is y = x* — px+ p° +2, where p is a constant.
Determine the nature of roots of the equation for all real values of p. [4]
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(b)  Given that the curve y =(k+3)x’ +x—1 has a minimum point and it intersects the

line y=(k+1)x—2 at 2 distinct points, find the range of values of £. [4]
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(a)  Factorise 3(x—y)’ +24x°. [3]

(b)  Itis given that f(x)=4x’ +ax’ +bx+3, where a and b are constants, has a factor of
2x—1 and leaves a remainder of 18 when divided by x+1.

(@) Find the values of a and b. [6]
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(ii)  Using these values of a and b, solve f(x)=0. [3]
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(a)  Show that %(é tan’ 2xj =sec 2x—sec’ 2x . [3]
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2

d’y

(b) For a particular curve where e
X

=9cos3x—5sin x, the curve passes through the

point P(%,ISTEJ and the gradient of the curve at P is 8.

Find the equation of the curve. [6]
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(a) Solve the equation log,(25—10x)—log, 5 =log,(1—x). [4]
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(b) Show that the equation 2¢**"' =& +15e has only one solution and find its value
in exact form. [4]
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1
10 (a) Given that J‘2k3(2x —3)? dx =26, find the value of k. [3]

2

(b) The gradient function of a curve is —3(x—2)

(i) Find the x-coordinate of the stationary point of the curve and find the nature
of this stationary point. [4]
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It is given further that the normal to the curve at x = 1 cuts the x-axis at (18, 0).

(ii) Find the equation of the normal. [4]
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