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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

x=-b-_F~Jb2—-4ac

For the equation ax? +bx+c=0 .

2a
Binomial expansion
n o
(@a+b)* =a" +| |a" b+ o224 . +|"|a™ b + ... +b",

1 2 ,

1 - —p
where n is a positive integer and n__nt  _na@=D..(r=r+])
r) ri(n-r) r!

2. TRIGONOMETRY
Identities sin® A4 + cos> A=1

scczA=]+tan2A

coseczA =1 +t;:ol2 A
sin(A + B) =sin Acos B+ cos Asin B
cos(A+ B)=cosAcos BFsinA4sinB

tan 4 + tan B

tan{ At B)y= ——M—
% ) l1¥tanA4tan 8

sin2A4 =2sin Acos A

cosZA:cos2 A——sin2 A= 2cos2 A-1 =l+2'.r.in2 A
2tan A

tan2A4 = 2
l-tan™ A4

a b Lk
sind sinB sinC

32 =b2 +c2 —2bccos 4

Formulae for AABC,

A= lal:nsin(?
2
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= 2% find the cxact valuc of 6% . 2]

8
(27%)

Q) Given that

(ii)  Solve the cquation (25%)* = 125556, 3]
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2 M) A prism with a trapezium base has a volume of 24 + 17vZ cm®. The
trapezium has a height of V2 cm and its parallel sides are 3v2 + 2 c¢m and

2 em respectively. Find the height of the prism, leaving your answer in the

form av2 + b cm, where a and b are integers. 3]
i) Simplify = +2v50 — = [2)
(ii) Simplify 5 +2v50 — R
[Turn over
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i 11x-1
3 Variables x and y are related by the equation y = “oex ¢ Given that x and y are

functions of ¢t and that y increases from an initial value of 2.9 at a constant rate of

0.005 units/s, find the corresponding rate of change of x after 20 seconds. [5]
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4 The diagram shows a trapezium BDEA in which BD is parallel to AE. The side ED is
parallel to the x-axis. It is extended to meet at point C which has coordinates (—1, 3).
The equation of A£'is 2x — 5y = 4 and the equation of ACisy + x — 2 = 0.

C(-1,3) D E
B 2x -5y =4
Yy+x=2=0
> X

0 A
Find
(i) the coordinates of 4, £ and D. [4]

SMSS 2019
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(i)

§ (¥
(ii)

SMSS 2019

the ratio of area of triangle BCD 1o area of trapezium BDEA.

Differentiate x2 In x with respect to .

Hence find [ xIn x dx.

(1]

(2]

(3]
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. 24 . 3 3 .
6 Given thatsin 4 = = where A4 is acute, tan B = e and that 4 and B are in different

quadrants, find, without evaluating 4 or B, the value of

(i)  sin(4+B), (3]
i) cos(3). [2]
SMSS 2019
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7 It is given that a curve has equation = f(x) , where f(x) = (2x + 3)(x - 2)2.

(] Find the coordinates of the stationary points of the curve,

(4]

(if)  Hence, determine the nature of these stationary points. (3]
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i
(iii)  Sketch the graph of f’(x) against x
(2]
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V) The quadratic function is defined by y = 2x? — 8x — 15, where x is real.

(a)  Find the set of values of x for which y < 3x2, (3]

(b)  Find the sct of values of & for which the equation y = kx — 23 has

3
no real roots. (3]

[Turn over
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(i)  Show thattheline y = 5 + % is a tangent to the curve y? = 2x for all real

values of p. (3]

SMSS 2019 [rumicme



9 ®

(i)

(iii)

SMSS 2019
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Sketch the graph of = 3vx . (1]
y
A
SR
12
On the same axes, sketch the graphof y = 73 5> 0. [1]

Calculate the x co-ordinate of the point of intersection of your graphs

in exact form. 2]
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(iv) Determine, with explanation, whether the tangents to the graphs at the point of

intersection are perpendicular. (4]
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10

Y

y=3-14—x|

N

The diagram shows part of the graph y = 3 — |4 — x| intersecting the y-axis at U.

I is the highest point on the graph.

() Find the coordinates of U and V. (2]
The equation of a lineis y = mx + 3. where m is a constant.
(ii) In the case where m = —2, find the coordinates of any point of intersection of
the line and the graph of y =3 — |4 — x|. (3]
(iii)  Determine the range of values of m for which the line intersects the graph of
y =3 —|4— x| in two points. [2]
[Turn over
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1 The roots of the quadratic equation 2x? + 5x - 4 = 0 are azand g.

Find

: Y
) the value of a + °, (4]
(1i) a quadratic equation with roots ﬁ and # . (4]

r
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12 Q)

(ii)

(ii1)

SMSS 2019

17

4 cos 2x
Show that 1

_ : 2
T can be written as +bsec*x , where a and b are
integers. 4]
. 4cos2x
Solve, for 0° < x < 180° , the equation———— = 4tanx —5. (4]
14+cos 2x
. . . 4C0S2X __ .
State the number of solutions of the equation I 4tanx —5in

the range —360° < x < 360°.

(1]
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Mathematical Formulae

1. ALGEBRA

Quadranc Equation

~btyh? ~4qc

o —
— e

For the equation ax? 4 bx =0 ; =

Binomial expansion

n ’
(a+b)" =a" +-(|Ja""b " (;J a" 2?4 ., -i-("J a" b 4. +b",
#

M)w n! __nn=l)..(n-r+l)

where » is a positive integer and =
ri(n=r)! r!

»
2. TRIGONOMETRY

Identities sin% A+cos? A=1

scc2 A=I+tstn2 A

cosec? A =1+cot? 4
sin(A* B) =sinAcos B t.cos Asin B
cos(At B)=cosAcuosBFsinAsinB

tan A ttan B

(A4t B)=———---—o
niK ) 1Ftan Awn B

sin2A =2sinAdcos A

cos2d = 0052 A-sin? 4= 2cosz A—-1=1- lZ:-sin2 A

2tan A

unzAd= 3
l—tan® A4

i 4 d ey b = v
Formulae for AABC, ind sinBsinC

a? =b% +¢* - 2bccos A

1 .
A=—absinC
2
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A curve has the equation v = x? ¢* '

Find the range of values of x for which y is an increasing function of . (3]

Find all the exact values of x which satisfies the equation
8cosx—2sinxcosx+4—sinx=0for 0<x<9. [3]
SMSS 2019 [Turn over
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3 Differentiate xe™ with respect to x, Hence find Jxe" dx. (4]
4 Evaluate the following definite integrals, giving your answer in exact form.
( 13’ =7 & (3]
a) .[n e’ ?
2 4—cos’ 2x
B P—ar & (3]
®) J{ 1-sin’ 2x
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X 3 C D
~————— in the fo + B+ e,
Express Tatrid in the form 4Ax + B 5 + 2l , where 4, B, C and D are

k]
constants. Hence evaluate I

x> +3x42 (6]
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6 (i) Find the number of real roots of the equation 3x* + 2x + 10 = 3x. (4)

(ii) Hence solve the equation 3 + 2y — 3% + 10y* = 0. (2]
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7 The diagram shows part of a graph whosc gradicnt function is given by

dv

— = 2¢0s 2x=2sinx. A, B and C are stationary points on the graph.
.

Ya

&

\J

B
. : ; : .
(i)  Show that C is a point of inflcxion. [4]
2
(ii) Find the equation of the curve. [2)
[Turn over
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8  The diagram shows the arch AFTEB of a stone bridge. The bridge forms an arc of a
circle and the length 4B forms a chord of the circle. 48 is 8 m and the top of the bridge
Tis 1 m vertically above AB. C and D are the midpoints of OA4 and OB. CF and DE are

two vertical pillars supporting the arch.

y
[ 3
T(,1)
/Frd %E\
A (-4,0) C 0O D B (4, 0) x
(i)  Show that the equation of the circle is x*+)*+ 15y 16 =0. [4]

(ii) Find the height of the pillar CF. 12)
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9 (i) Given thaty = cos’ x, show that %':—- =3 sin’x -3 sinx. 2]

(i) Hence evaluate Li sin’ x dx . [5]

10 (a) Solvetheequationln(2x+e)=1+

, leaving your answer in the

X

exact form. [3]
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10 () Without using a calculator, find the exact value of y if (5y)"* = (2,)".

10

(5]
11  Answer the whole question on a sheet of graph paper.

The table below shows the experimental values of the variables x and y.

X 0.5 1.5 3 4.5 5.5 6

y 4.43 6.24 7.44 114 15.7 18.7
It is known that x and y are rclated by an equation of the form y = ¢ + ab”.
One of the y values is incorrect.
(1)  Plot a straight line graph of In (y — ¢) against x. (4]
(ii)  Use your graph to identify the abnormal reading and estimate its correct

value, (2]
(iii) Use the graph to estimate the value of @ and of b, (2]
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12 A solid right circular cylinder with base radius  cm and height 4 cm has a hemisphere

hollowed out from each end as shown in the diagram.

Given that the surface area is 128x cm?,

(i)  show that the volume of the solid, ¥ cm? , is given by V= 2%(96—5?'1}. [3]
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(ii) find the value of r for which V is stationary, 2]

(iii) find the corresponding value of ¥ and determine whether it is a maximum

or a minimum value. 3]
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13 A waterwheel rotates 5 revolutions anticlockwise in | minute. A bucket B is attached to
the waterwheel. Taminy starts a stopwatch when the bucket B is at its highest height

above water level. The radius of the waterwheel is 8 m and its centre is 5 m above the

water level.

Water

The height of the bucket B above water level is given by & = a cos b + ¢, where
¢ is the time, in seconds, since Tammy started the stopwatch.

(i)  Determine the value of each of the constant 4, b, and c. [5]
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(i1)  For how long in cach revolution is h < 0?

(3]

(111)  Explain what docs the answer in (ii) mean. M
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n
14 (a) In the expansion of [x" ——3{;] , determine if there is a x” term. [3]

8
(b)(1) Find the first three terms in the expansion of (2 - l] in descending
X

powers of x. (2]

(i) Hence find the values of g, b and ¢ given that the first three terms in the

, 1Y
expansion of (a + bx) [2 - -} are 128x, — 256 and £ respectively. [5]
x x
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15  Anopen cylindrical tank with O as the centre of the basc is shown in the diagram.
It is given that ZEOF =260 where 0° < @ <90° and OF = 2 cm.

The extemal total surface area of the cylindrical tank is § cm?,

S ——
7
.f/

20

Y >

(i) Show that S =27 (2 sin 20 —cos 20+ 1). (4]
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(i) Express §=2x(2sin260 — cos 20+ 1) in the form 27 [R sin (20 — a) + 1]

where R > 0 and 0° < 8 < 90°. [3]

(iii) Find the maximum possible value of S and the corresponding value of 6. [3]
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) 2n 4n 8n
2*32'3
1
3 g(xesx—ges"f)+c:
4(a) €3+—7-—3 b 2\/5 T
282 2 (} ""E

2
S S=3x+8In(x+2)-In(x+1)+C
6(1) | real root (i) - 0.5
T(11) v=sin2x+2cosx

8(ii) 0.761 m, — 15.8 (reject)

9(ii) ;
e
10(a) X = — (b) 0.1

11(i1) abnormal rcading v =

(i) 5
13(1) ; == @ 3.42 58\\‘\\

el

N
(1) Itis @ lmcél@@ckct is in the water.

O
\‘\\\ 1024 1792

14(a) nox’ tem\16\@ 1)256—T+?+

(c) a=1,b=05,c=-128
15(ii) S = 2m[V5sin(26 — 26.6°) + 1]

(3ii) ] max s = 20.3 cm? when 0 = 58.3°
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