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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax” +bx+c=0

:—bi\/b2—4ac

2a

X

Binomial expansion

(a+b)" =a" +[:ja”lb+(ga”zb2 +---+(:ja”fbf 4o tb",

n I _ _
where n is a positive integer and S LI nn-1)..(n-r+1)
r) ri(n-r)! r!

2. TRIGONOMETRY

Identities
sin® A+cos’ A=1
sec’ A=1+tan® A
cosec’ A=1+cot’ A
sin(A+ B) =sin AcosB + cos AsinB
cos(A+ B) = cos Acos B +sin Asin B

+
tan(A+ B) = tin AttanB
1+tan AtanB

sin 2A = 2sin Acos A
cos2A =cos? A—sin® A=2cos®* A—1=1-2sin* A

tan2A= Zta—nf‘
1-tan“ A
Formulae for AABC
a b c

sinA: sinB B sinC
a®=b?+c?-2bccos A
A:EbcsinA
2
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2x3 —4x%* +x-18

(x—2)(x2 +4)

1  Express in partial fractions.

[6]
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2  Without using a calculator,

) showthat tan2gse— Y3+, 3]
1-+3
(i) express sec’ 285° in the form a+b+/3, where aand b are integers. [4]
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3 Find the range of values of k for which the curve y =kx*+8x lies entirely above the
line y=x-k. [4]
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4 Acurve is such that dy = —i—iz and the point P(1, —6) lies on the curve.
dx X* (3x-2)

The gradient of the curve at P is 3. Find the equation of the curve. [6]
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5  The equation of a polynomial is given by p(x) =3x®—5x*—3x+2.
(@) Show that (x—2) is a factor of p(x). [1]

(b) Hence, solve the equation p(x) =0, expressing non-integer roots in surd form.  [3]
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The diagram shows a circle passing through the points P, Q and R. The points X and Y
lie on QP and RP respectively. The tangent ST to the circle at P is parallel to YX.

(@) Prove that Q, R, Y and X lie on a circle.

[5]
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6 (b) The line RP is extended to Z such that angle PZT =90°.
Explain why a circle passing through the points P, T and Z has its centre at the
midpoint of PT. [2]
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(Y The equation of acurveis y= x(2x—5)3. Find the range of values of x for
which y is decreasing. [4]
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(b) The equation of acurveis y= 2—X1— 2x* where x >1. Find the value of the

maximum gradient on the curve. [4]
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16x cm

F |12x cm
y cm

The diagram shows a solid prism with triangular base and height y cm. The triangles have
right angles at C and F. The edges AC and DF are each of length 16x cm and the edges
BC and EF are each of length 12x cm. The volume of the prism is 12 000 cm3.

(@) Express y in terms of x . [2]
(b) Show that the total surface area, S cm?, is given by
5 —192x? + 0% 3]
X
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Continuation of working space for question 8(b).

(©) Given that x varies, find the stationary value of S and determine its nature. [5]
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/ E(8, 0) -,

A(-3,-1)

B (14, -5)

ABCD is a kite. The coordinates of A and B are (—3,—1) and (14, —5). The point E(8, 0)
lies on the diagonal of the kite.
(@) Find the equation of AC. [3]

(b) Find the coordinates of C. [5]
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Continuation of working space for question 9(b).

(©) Given that BD = 3BE. Find the coordinates of D. [2]
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10 Atayacht club, the depth of water, d metres, at time t hours after 08 00 is modelled with a
sinusoidal function d =2+1.25sin (%t] :

(@) Sketch the graph of d against t over a 24-hour period. [3]
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10 Sailing from the yacht club is permitted only when the depth of water is
at least 0.9 metres.

(b)  Find the range(s) of values of t between which sailing is not permitted over a
24-hour period. [4]
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11 [The volume of a cone with base radius r and vertical height h is given by %nrzh ]

In the industrial process, water flows at a constant rate of p cm3/s into a conical funnel.
The water flows out through a small hole of negligible radius in the vertex of the cone at a
constant rate of g cm3/s, where g < p. The axis of the cone is vertical. The volume of
water in the cone at time t s is V cm3. Initially the funnel is empty.

av .
(@) Express Y in terms of p and g. [1]

The diagram shows the vertical cross-section of the funnel. The open top of the funnel is
a horizontal circle of radius 50 cm which is 120 cm above the vertex.

At time t s, the water surface has radius x cm and is at a vertical height of y cm above the
vertex.

50 cm

120 cm

(b) Express V in terms of y. [2]
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In the case where p =80 and g = 20,

(©) find the vertical height of the water surface after one minute, [2]
(d) (i) Find the rate of change of the vertical height of the water surface after one  [2]
minute.

(i) Determine, with working whether this rate will increase or decrease
as t increases. [2]
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12 (a) State the set of values of x for which sin™ (% xj is defined. [1]

S cos A—sin A)(1+cos Asin A
(b) Prove the identity ( ) (3 . )_ cot® A—1.
sin

[4]

[Turn over



21

13 (a) Without using a calculator, find the exact value of x in the form of k Igg in (3]

80" ><E =20%.
25
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12 _o. [4]

(b) Solve the equation (log, y)3 - 5=
log, Y

End of Paper
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Answer Key
L o2 2x+3
(x—=2) (x> +4)
2(0)  8+443
A
k>—
3. >
" __2 5In@x-2)
X
> Xx=2 or x:_li\/T3
6
6 (2x-5)">0, x<>
7 -10
8 3600, minimum
9@ y=ox+Z
5 5
b ¢ =(7, 11)
© (-4, 10
10 (a
(@) J
N
3254 d 2H.25sin(gf)

e e e e R e e e e e e e e e e e e e g e e m e — g —————

A 4
.

(b) 8.05<t<9.950r 20.1<t<21.9

11(d p-q
B 257y°
0) V=g

12 (a) -5<x<5

(c) 271

8@ g (6) y=4ory=3



