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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax® + bx + ¢ =0,

~b++b* —4ac

2a

xX=

Binomial expansion

(a+by=a"+ (?ja”‘lb+ [;)a"‘zbz +..+ (n)a"“’b’+ .+ b
r

n! _ n(n-1)..(n—r+1)
ri(n—r)! r!

. e n
where n is a positive integer and ( ) =
’

2. TRIGONOMETRY

Identities
sin? 4 +cos’A=1
sec?4=1+tan’ 4
cosec? 4 =1+ cot’ 4
sin(4 + B)=sin 4 cos B+ cos 4 sin B
cos(4 + B)=cos A cos B ¥ sin4 sin B

tanA+tan B

tan(d + B)= =202
1Ftan Atan B

sin24 =2sin Acos A4
cos2A =cos* A—sin®> A=2cos’* A—1=1-2sin’* 4

tan24 = _ita_n—f_
1-tan” 4
Formulae for AABC

a_ _ b _ ¢
sind sinB sinC

a? =b*+c*—2bccos A

=lbcsinA
2
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The curve (x—1)* +(y-3)* = 5 intersects the line ¥—3x =5at two points. Find the coordinates
of these two points. [5]
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A stone is thrown vertically upwards such that its height, 4 metres from the ground at time
t seconds after being thrown is given by the formula h = 9> +12t +1.

(a)  Explain the meaning of the constant term in the formula. [1]

(b)  Express h in the form a(f+ b)* +c, where a, b and ¢ are constants to be determined. [3]

(¢©)  Hence state the maximum height attained by the stone and the time at which this occurs.

(2]
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Find the range of values of the constant p such that y = px’ —4x+ p -3 is always positive for all
real values of x. [5]
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Express

(x—2)(3%* +1)

15x* -13x+18 .
in part

1al fractions.

BP-326

[6]
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6
5 (a) Find the first 4 terms in the expansion of (ﬂ + 3x2) in ascending power of x, simplifying
x

each term. (3]

6
(b) Given that there is no term in x° in the expansion of 2x* -1) (ﬁ + 3x2) , find the value
X

of the positive constant a. [2]
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. 1. .
A particle moves along the curve y = where x # 3 in such a way that the x-coordinate

(3x-1)*"
is decreasing at a rate of 0.1 units per second.

(a)  Find the rate of change of the y-coordinate whenx =1. [4]

(b)  Find the value of x when y increases at the rate of T% units per second. 2]
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A calculator must not be used in this question.

(a) Show that tan15°=2-+/3. [4]

(b)  Use the result from part (a) to find an expression for cosec’15°, in the form a +5/3
where a and b are integers. [3]
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: . 1 1-
(a)  Prove the identity SImY 4 'cos % ~2cosecx. [4]
l-cosx smnx

sinx 1—-cosx
+

(b)  Hence solve the equation =5 for0<x<2m. [3]

—CcosX sinx
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2
A curve is such that (—;;);- =3e™ —¢™*. The curve cuts the y-axis at P (0, 1)and has a

gradient of 4 at P.

(a) Show that the curve has no stationary points. [3]

(b) Find the equation of the curve. [4]
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(a)  State the amplitude and period of 2sin3x+1. [2]

(b)  Sketch the graph of y =2sin3x+1 for 0<x<7.
(3]

Vv
4

(© By drawing a suitable straight line on your sketch, determine the number of solutions of
the equation zsin3x—-x=0. (3]
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Solutions to this equation by accurate drawing will not be accepted.

ABC 1s a triangle with vertices 4 (0, k), B (2h, - 2) and C (7, 5), where h is a positive integer.
The area of the triangle is 20 units?.

(a)  Show that A =2. [3]

(b)  Find the equation of the perpendicular bisector of AB. (3]

(© Explain why triangle 4BC is isosceles. [2]
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12 (@)  The table shows experimental values of two variables x and y. It is known that x and y
are related by the equation y = Ak™, where 4 and k are constants.

X 1 2 3 4 5
y 2.63 | 3.89 | 5.62 | 832 | 12.02

@ On the grid below plot lg y against x and draw a straight line graph to illustrate
the information. (2]




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

Variables x and y are related by the formula y = ax® + bx?, where a and b are constants.

Explain clearly how a straight line graph can be drawn to represent this formula. You
should state which variables should be plotted on each axis and explain how the values
of @ and b can be calculated. [4]




13

BP-336

16

X

The diagram shows part of the curve y =9—35—. The point P (3, 1) lies on the curve and the
-2x

normal to the curve at P meets the x-axis at Q.

(a)  Find the coordinates of Q. [5]
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(b)  Find the area of the shaded region bounded by the curve, the normal PQ and the
coordinate axes. [5]

End of Paper
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- Answer Key .

(©, 5) and (-1 2)

: Z(a) | Initial height of the stone is 1m above the ground.

2(c) | Maximum height = Sm when time =—3— s

. p>4

15 -13x+18 __4  3x-7
(x-2)3F +1) x-2 3x*+1

6
“—+1—83 +1354* +540a°x

x JC

a=2

3 .
— units/s
8

{x=2

8+4\/?_’

Tx=0412,273

]
R
m

k=1.46 (accept 1.43 to 1.50)
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax? + bx + ¢ =0,

—b++b* —4ac

X =

2a
Binomial expansion
n ) n - n
(a+b)y'=a"+ at b+ at~b+ .+ ar b+ .+ Db

1 2 r

n - -
where 7 is a positive integer and = nt _ nn=D..(r=r+1)

r ri(n—-r)! !

2. TRIGONOMETRY

Identities
sin® 4 +cos?4=1
secA=1+tan’ 4
cosec’ A =1+cot’ 4
sin(4 + B) = sin A4 cos B+ cos 4 sin B
cos(d + B)=cos A cos B F sin 4 sin B

tan A+ tan B
1ftan Atan B

sin2 A =2sin Acos A

tan(4 + B) =

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

2tan 4

tan2d =
1-tan® 4

Formulae for AABC
a_ _ b _ ¢
sind sinB sinC

a’> =b*+c*-2bccos A

A=lbcsinA
2
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(a) A polynomial f(x) has a remainder of —1 when divided by 2x + 3.

@) Find the remainder when f(x) — 1 is divided by 2x + 3. 1

(i)  Find in terms of f(x), a polynomial which is divisible by 2x + 3. (1]
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(b)  The cubic polynomial g(x) is such that the coefficient of x* is 2 and the roots of
g(x) = 0 are -1, m and 2m, where m is an integer. It is given that g(x) has a remainder
of 12 when divided by x — 1.

Find an expression for g(x) in descending powers of x. [5]



: . Inx
The equation of a curve is y =——.
x

(a) Find the coordinates of the stationary point of this curve.

Leave your answer in terms of e.

(b)  Determine the nature of the stationary point.

[4]

[3]
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The decay of a certain radioactive isotope can be modelled by the exponential equation
N = N,e “ after t weeks, where N represents the amount of radioactive isotope, Ny and a are

constants.
A sample of this radioactive isotope has a mass of 100.9 g initially.
After 2 weeks, it is found that the amount of this sample left is 84.6 g.

(@)  Calculate the value of a. [3]

(b)  What percentage of this sample has decayed after 5 weeks? [3]
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(c) Find the number of weeks when the amount of radioactive isotope decayed first exceeds
60 g. Give your answer correct to the nearest week. ’ [3]
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In the diagram, 4B is the diameter of the circle with centre 0.
DE and BF are tangents to the circle at C and B respectively.
DCE and BEF are straight lines.

F’

D C
E
A 0 B

(a)  Prove that triangle ABC and triangle AFB are similar. (3]

BP~348



BP-~349

(b)  Show that EC = EF. [4]
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(a)  Find the integer a and b which satisfy the equation

1, L
(1] @y -2y g
(b)  Solve the equation log, (x—8) =2~ L [5]

log, 3
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(©)  Solve the equation 4" +7(2%)=2. [4]
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. : d .
(a) Given that y = 2cos xsin 2x —sin xcos 2x, show that ay; = kcos xcos 2x , stating the

value of £. [4]
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72

(b)  Hence, show that J.oz(7 cos x cos 2x +sec’ x) dx = 5 +1. [5]
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7 Two points 4( -3, —6) and B(7, —6) lie on a circle with centre G. The equation of the tangent to
the circle at the point O(1, —12) is x + 5y +59=0.

(a) Show that the coordinates of G is (2, —7). [5]
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(b)  Find the equation of the circle in the form of x* + y? +2gx+2fy+¢ =0, stating the value
of f, g and c. [3]
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A particle P moves in a straight line and passes through a fixed point O so that its velocity, v m/s
is given by v=1¢> -5t +4, where ¢ is the time in seconds after passing O.

(a) Find the values of t when the particle is instantaneously at rest. [2]

(b)  Find the values of f when the particle returns to O. [4]
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(0)  Find the acceleration of the particle when it first returns to O. [2]

(d)  Find the average speed during the first 5 seconds. [3]
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The diagram shows a paper weight which is made up of a solid hemisphere of radius 7 cm, resting
on top of a solid cylinder of radius 27 cm and height 4 cm.

(a)  Given that the total volume of the solid is 216z cm?, express h in terms of 7. [2]
2
(b)  Show that the total surface area, 4 cm?, of the solid is given by , 4= 25;” + 2167 .
r

(2]
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(c) Given that  can vary, find the value of » for which 4 has a stationary value.
Find this value of 4 and determine whether it is a maximum or a minimum. [5]
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10 A L-shaped structure, OPQ can be rotated about 0. OP and PQ measures 5 m and 1 m
respectively. OP makes an acute angle, 6, with the ground. The shortest distance from Q to the

wall is 1s L m.

Wall

0

Ground

(a) Show that L =5cosf—sinf. [2]

(b)  Express L in the form R cos (8 +0a), where R > 0 and 0° <a < 90°. 3]
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@

(e

21

State the minimum value of L and the corresponding value of .

Find the value of @ when I = 3.

Explain why the maximum value of L is not R.

End of Paper
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