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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax’ +bx+c=0,

oo —bx /b7 —4ac

2a

Binomial expansion

(a+b) =a"+ [TJ a"'b +(;) a"b? + ...+£nja""b’ +..4+b",

r

n! _n(n—l)...(n—r+1)
n—r)!r!~ r!

n
where 7 is a positive integer and ( J = (
¥

P

2. TRIGONOMETRY

Identities
sin® 4+cos® 4=1
sec’ A=1+tan> 4
cosec’A=1+cot> 4
sin(4+ B) =sin Acos B+cos Asin B
cos( A+ B)=cos Acos B¥ sin Asin B

tan A+tan B
=+ s S e e
e e e Ty oy

sin2A4=2sin Acos 4
cos2A=cos’> A—sin®* A=2cos* A—-1=1-2sin* 4

2tan A

tan2A4 = 5
l1—tan“ A4

Formulae for AABC

a__ b _. &
sind sinB sinC

a®> =b*>+c*—2bccos 4

A=%bc sin 4

CHI} SNGS Preliminary Examinations 2021 - Additional Mathematics 4049/01



1

3
The line 2x =1 -3y intersects the curve 3y*—x*>=2 at points 4 and B.

The x-coordinate of B is greater than the x-coordinate of 4.
(a) Find the coordinates of 4.

Point C lies on AB such that AC: CB=2: 1.
(b)  Find the x-coordinate of C.
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(@)  The function fis defined by f(x) = ?" ; 3 o % .
—3X
Determin whether f is an increasing or decreasing function. [3]
(b)  Find j(sec2 x—gsin(3x—5)) dx. [2]
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The equation of a curve is y = 2cos 2x + ¢, where c is a constant.
The graph passes through the point (30°, 5).
(a)  Find the value of c.

(b) State the amplitude and period of y.

(©)  Sketch the graph of y=2cos 2x+ ¢ for 0°<x<360°.
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A curve is such that %{- = -(2—§—1—)7 and the point (1, 7) lies on the curve. The gradient of the
x —_—
tangent to the curve at x =2 is —;— . Find the equation of the curve. [5]
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(@)  Write down and simplify the first 3 terms in the expansion of (1+3x)’, in ascending powers
of x.

Hence find the value of ¢ and of b in the expansion of (1 +ax+bx* ) (1+ 3x)6 if the
coefficients of x and x* are 23 and 223 respectively. [4]

15
(b)  Find the term independent of x in the expansion of (x —L) . [3]

2 2
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The equation of a polynomial is f(x) =9x> —6x> -11x+4.
i) Factorise completely the polynomial f(x) .

(i)  Sketch the graph of f(x)=9x’-6x*—11x+4.

(iii)  Find the range of values of x for which f(x)>0.
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(i)  Prove the identity — L , 1 2sec’ x. : [3]
sinx+1 sinx-—1

1
(i)  Hence, solve the equation 2(sin 1 1) - 2(sinx _1) =3+tanx for 0° <x<360°. [5]
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Michael bought a brand new Ducati motorcycle. As the motorcycle is a limited edition model, many
enthusiasts predict that its value, $P, will appreciate so that after # months, its value can be modelled
by P =65000¢" . The motorcycle is expected to have a value of $72000 after 2 years.

(i) How much did Michael pay for the motorcycle? [1]
(i)  Calculate the value of the motorcycle after 5 years. [4]
(iii)  After how many years will the motorcycle have a value of $900007? [3]
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(@)  Theequation of acurveis y=x*+(2a—1)x+a*, where a is a constant.
@) Find the range of values of a for which the curve has no real roots. [3]

(i)  In the case where a =2, find the range of values of x for which the curve lies

above the line y = 8. [3]

(b)  Explain why the greatest value of —2x* +4x—35 is =3 for all values of x. 3
P [3]
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(a) It is given that tan 4 = ¢, where c is a constant and 180° <4 <270°.
Express each of the following, in terms of c,

(i) cot A, [1]
(i)  sin24. 2]
(b)  Giventhat sinx=2sin(30°-x), find the exact value of tan x. [5]
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11 A particle P, moves in a straight line so that its velocity, v m/s from a fixed point O is given by
v =2 —9¢+ 7, where ¢ is the time in seconds after passing O.

(a)  Find the deceleration of P when ¢ = 2. ' [3]
(b)  Find the values of f when P is instantaneously at rest. [31
(©) Find the distance P travelled in the fourth second. [4]

CHIJ SNGS Preliminary Examinations 2021 - Additional Mathematics 4049/01 [Turn over



14

12

The diagram shows part of a solid metal allen key that has length 2 cm and uniform regular
hexagonal cross-section of side x cm.
() Find an expression, in terms of x, for the cross-sectional area of the allen key. [2]

(ii)  The volume of the allen key is 4 cm3 Show that the surface area of the allen key,

Acm?, is givenby 4 = =33x" + —. [3]
J_ 3x
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Given that x can vary, find . ;
(iii)  the value of x for which 4 has a stationary value, [3]
" (iv)  the stationary value of 4 and determine whether this value is maximum or minimum. [3]
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Answers:
1 @ A4(1,1) ®) xc=3
2 (a)  increasing function (b) tanx+%cos (3x-5)+c
3 (a) c=4 (b)  amplitude =2, period = 180°
(© A
6-
4 """"""""""""""""""  Saiieieiubintints, ittt Antmimmbebiie: Atieted i b il L L]
2-
[ ' H \ x
o 90° 180° 270° 360°
L
4 y=—zln(2x—l)+2x+5
5 (@ 1+18x+1352+...;a=5b=-2
27
b) -93=—
(b) 3
y
6 (i) @) =x+DBx-4)Bx-1) (i) 4#
W 1,54
(111) ISxS3,x_3 f / .
. / o 1 4 "
3 3
7 (i) x=63.4°135°243.4° 315°
8 (i  $65000 (i)  $83935.38 (iii)  6.36 years
9 (a)(@) gzt () x<-4 or x>1
.. 2c 1
) = b =—(J3-
10 (@0 @ = ® =3 (v3-1)
11 (a 1m/s? b) ¢t=35,1 () 125m
12 © (i) §—J§—x2 (iii) x=10.961 (iv)  14.4 cm? min
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

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

v = —b+b*—4ac

2a

Binomial expansion

n n n n-1 n n-212 n n—ryr n
(a+b) =a"+ L )e b+ 5|9 b°+..4+| |a"7h +..+b",

7

b . — 1[")= n!  n(n-1).(n—r+1)
W. erenlsapOSI 1VeE In Cgeran 7 _(n_r)!r!— r!

2. TRIGONOMETRY

Identities
. 2,
sin“ A+cos“ 4=1
sec’ A=1+tan’ 4
cosec’A =1+cot> 4
sin( 4+ B)=sin Acos B+cos Asin B
cos( A+ B)=cos Acos B¥sin Asin B

tan A+ tan B
1¥tan Atan B

sin2A4=2sin Acos 4
cos2A4=cos’ A-sin’> A=2cos* A-1=1-2sin’ 4

2tan A
1-tan® 4

tan(A+ B) =

tan24 =

Formulae for AABC

a b c

sind sinB _sinC
a* =b*+c? —2bc cos 4

A=—;—bcsinA
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1 Show that 5" +5™" +5" is odd for all positive integer values of n. - [3]
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2x* +10x-9

in partial fractions. 5
(2—x)(l+2x2) TR o

Express
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A viscous liquid is poured into an empty inverted right circular cone.

The volume of the viscous liquid in the cone is increasing at a steady rate of 27 cm?/s. Given that
the dimensions of the cone is such that the height of the cone is always 3 times the radius, find
i) the radius of the viscous liquid 4 seconds after the pouring has commenced, [3]

(ii)  the rate of the increase of the radius at that instant. [4]
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1 dy . x (Ax + B)
Given that y = x*>v2x—1, where x > —, express — in the form ————=",where 4 and B are
e ety = 2 S g ax-1
integers.
4 5x2-2x-2
Hence evaluate — = dx. [7]
1 N2x -1
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5 Solve the equation
i  57=39-2(5, [4]
(ii) log, vx=5-1=log,,(1-2x). [5]
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(a)  The equation of acurveis y=3x>-x-16.
Find the set of values of x for which y + 2 < 0. Represent this set on a number line. [3]

(b) A curve has equation y = px’ —mx+12m and a line has equation y =-3mx,

where m and p are positive constants.
(i) Find, in terms of m and p, the condition for which the curve and the line
intersect. [4]
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(i) In the case when the line is a tangent to the curve at point 4,

(a) state the value of - , - 12]
p
(b)  find the x-coordinate of point 4. [2]
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The expression 5cos@—sin@ is defined for 0<O<x.

(i)  Using Rcos(@+a),whereR>0and O<a< g , solve the equation Scos@—sin@=2. [4]

(i)  Using your answer in part (i), solve 5cos (—g} —sin [g) =2. [1]

CHIJ SNGS Preliminary Examinations 2021 - Additional Mathematics 4049/02



11

(ifi)  State the largest and smallest values of (IOcos 6 —-2sin 9)2 and find the corresponding
values of 8. [4]
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<
"

3y+4x=56

The diagram shows a triangle POR in which the point Q is (-3, 6), the point R lies on the x-axis and
angle OPR is 90°. The equation of PRis 3y +4x=56.
(a) Find the coordinates of P. [5]
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(b)  Accircle is drawn passing through the points P, Q and R.
x=a is a tangent to the circle.
@) Find the equation of the circle. [4]

(i)  Find the exact value(s) of a. [2]
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Given that y=e™(sin2x—2cos2x),

. d
(i) Find and simplify an expression for ay [2]
Hence find
@ii)  the value of x between g- and nt for which y is stationary, [3]
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(iii)  the y-coordinate of this stationary point and determine its nature. - [3]
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Recorded values of the volume, v ml, of diffuser perfume in a jar, ¢ hours after observation began are
shown in the table below.

t (hours) 25 50 75 100
v (millilitres) 250 112 36 12

It is known that v and ¢ are related by the equation v=v,10", where vo and & are constants.
(a) Plot 1g v against ¢ and draw a straight line graph. [3]
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() Use your graph to estimate the volume of perfume, to the nearest ml, at the start of the
observation. o [3]

(c) Use your graph to find the value of £. [1]

(d)  Use your graph to find the time taken for the perfume to be 10 percent of its orginal
volume. [2]
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A %

0

1
The diagram shows part of the curve y = e +2.The tangent to the curve at 4 intersects the y-axis

at B. ,
(a) Find the exact area of the shaded region bounded by the tangent 4B, the curve and
the y-axis. [8]

CHIJY SNGS Preliminary Examinations 2021 - Additional Mathematics 4049/02



19

(b)  Find the equation of the normal to the curve at x = 0. ; [3]

s
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b oI Al M.
Answers:
2x* +10x-9 3 2x-5
~ =l —r =
(2-x)(1+2x) 2-x 1+2x
3 (1) 2 cm (i1) % cm/s
dy _ x(5x-2)
4 2=l 147 +1
dx \2x-1
5 1) 0.594 (i)  no solution

6 (a) —2<x<2§
(b)) m=212p or m—12p>0 or 4m*—48pm>0
G Z=12
p
(i) x=-12
7 (1) 6=0.970 (>i1) 6=1.94

(i11)  Smallest value=0, 6=1.37
Largest value =104, 6=2.94

: P

11

8 (@ PG5,12) (ii) (x_?) +(y_3)2=3_j_5 (i) azllisx/ﬁ

2
. dy i/,
9 @ ol (3sin2x+4cos2x)
(i) x=2.68 (1)  —0.137 ; minimum point

10 (b)) w=81ml (c) k=00168 (d) 52.5hours

11 (a) %e —3 units? (b) y=-3x+3
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