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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax” +bx+c=0,

—b++/b? —4ac

2a

X =
Binomial expansion

(a+b)"=a" +(TJ a”‘1b+{2J a"’h’ + ... +(:] a""b" +..+Db",

nJ nt n(n-1..(n-r+1)

r)orin-r! rl

where n is a positive integer and (

2. TRIGONOMETRY
Identities
sin’ A+cos” A=1
sec’ A=1+tan® A
cosec’A=1+cot® A
sin(A+ B) =sin Acos B +cos Asin B
cos(A+B)=cos Acos BFsin Asin B

tan A+ tan B
1¥tan Atan B

tan(A+ B) =

sin2A =2sin Acos A

cos2A=cos? A—sin® A=2cos? A—1=1-2sin% A
2tan A

tan2A=—2
1—tan” A

Formulae for AABC
a b ¢
sinA sinB sinC

a’=b? +c* —2bccos A

AzlabsinC
2
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1 Given that € is obtuse and tané = a, express, in terms of a,
(i) cosd, [3]
(ii) cosecf. [2]
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2 Find the set of values of the constant k for which the curve y =—x*+(1-k)x—2 lies
entirely below the line X+y =0. [4]
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2
3 Given that y=he* + %, and that % - 2% =e* +2e 7, find the value of each of
e X X

the constants h and k. [4]
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4 A cylindrical ice block of base radius r cm is melting in such a way that the total
surface area, A cm’, is decreasing at a constant rate of 72 cm’/s . Given that the height

is twice the radius and assuming that the ice block retains its shape, calculate the rate
of change of r when r =5. [4]
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5 Ms Lee bought her dream car last year. The value, $A, of the car is given by the
formula A=150000e ™, where p is a constant and t is the age of the car in
months. The value of the car after 2 years is expected to be $120 000.

(i) Find the amount which Ms Lee paid for the car. [1]

(ii) Determine the value of the car after 40 months. Give your answer to the
nearest dollar. [3]

(iii)  Find the age of the car when its value drops to $60 000. Give your answer to
the nearest month. [2]
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6 (i) Factorise 2X° +3x> —8x—12. [3]

3
(ii) Hence solve the equation X? + % X*—4x—-12=0.. [3]
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7 i Write down and simplify the first three terms in the expansion, in descending
8
powers of X, of (1 —gj . [2]
X

8
(ii) Given that there is no X term in the expansion of (1 —2x—kx? )(1 — %j , find
X

the constant term in the expansion. [4]
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8 The equation of a curve is y=2—X—
2

@  Find Y and &Y.
dx dx
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2X+3

X—3

[3]



11

(ii)  Find the x-coordinate(s) of the stationary point(s) of the curve. [3]

(iii)  Determine the nature of each stationary point. [2]
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A 4
<

The diagram shows a quadrilateral ABCD in which AB=BC,ZBCD =90° and D is a
point on the y-axis. The coordinates of the points A, B and C are (3,2),(8,2) and

(11,k) respectively.
i) Given that kK > 2, show that k =6. [3]
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(ii) Find the coordinates of D. [3]

(iii)  Find the length of CD and hence find the area of the quadrilateral ABCD. [5]
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10 (a) Find the values of X and y which satisfy the equations

1 Je

lé)xy =2(5x+1).
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(b) D

B C

A solid triangular pyramid ABCD, with base ABC and vertex D such that D is
vertically above A, has a base area of (8 +245 ) cm’ and height (12 ~J5 )cm .

The top part of the pyramid is removed by a cut parallel to its base and passing
through the midpoint of AD. Find the volume of the remaining solid, leaving

7(a+b\/§)

your answer in the form cm’, where a and b are integers. [4]

Prelim 4ES5N Add Math 2020 4047/1



16

11 A particle moving in a straight line passes a fixed point O with a velocity 6 ms™.

The acceleration of the particle, a ms™, is given by a =2t -5, where t seconds is the
time after passing O. Find

(i) the values of t when the particle is instantaneously at rest, [3]

Prelim 4ES5N Add Math 2020 4047/1
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(ii) the displacement of the particle from O at t =3, [3]

(iii)  the total distance travelled by the particle in the first 3 seconds of its motion.

[2]
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12 It is given that f(X) = ZSing and g(X)=3cosx+1 where 0<x<2rx.

(i) State the period of f(X). [1]
(ii) State the smallest value of f(X). [1]
(iii)  State the largest value of g(x). [1]
(iv)  State the largest value of [f(X)—g(X)]|. [1]
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v) Sketch, on the same axes, the graphs of y=f(x)and y=g(x) for 0<x<2x.
[4]

(vi)  Given that the solutions to the equation f(X)=g(X)for 0< x<27 areaandb
where a <b, state the range of value of X for which f(x) > g(X). [1]

End of Paper
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax* +bx+¢=0,

:—bi\/b2—4ac

2a

X

Binomial expansion
n n n n-1 n n-2p2 n N—rpr n
(a+h) :a+1 a b+2a b™+ ..+ a~'b"+...+b",
r

. T n n! nn-1)..(n—-r+1
where n is a positive integer and = = (=D ...C )
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 Acos B £ cos Asin B
cos(A+ B)=cos Acos B Fsin Asin B

tan A+ tan B
1+ tan Atan B

sin 2A=2sin Acos A

tan(A£B) =

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

tan 2A=ﬂ
1—tan” A
Formulae for AABC
a b C

sinA sinB sinC

a’=b?+c? —2bccos A

AzlabsinC
2
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1 The roots of the quadratic equation 5X—2x> =2—Kk are « and f. The roots differ
1
by 4—.
Y 2
(i) Show that k=9. [4]

(i)  Hence find a quadratic equation with integer coefficients whose roots are a’
and S . [4]
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2 (a) It is given that tan(A+ B) =8 and tan B = 2. Without using a calculator,
find the exact value of cot A. [3]
(b) (i) Prove that sin2X(cot X —tan X) =2 cos2X . [3]
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(ii) Hence solve the equation sin2X(cot X—tan X) =sec2X for 0<X<m.

[4]
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3 The equation of circle Cy, with centre A, is X* +y* —8X—4y+11=0.

(i) Find the coordinates of A and the radius of C;.

(ii)  Explain why the line x =1 is a tangent to C;.

Prelim 4E5N Add Math 2020 4047/02
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The equation of a second circle C, with centre B, is (X+3)* +(y—2)* =R’.

(iii)  Find the length of AB. [2]

(iv)  State the possible value(s) of R such that C; and C; touch each other at exactly
one point. [2]
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4 (a) Given that log 7 x=m and log, y=n, express

and n.
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Jy

X6

in terms of m

[4]



(b)  Solve the equation log,(3x—2) = log, (X2 + 1) + 2 : [6]

logﬁZ
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5 The diagram shows a solid cylinder of radius r cm and height h cm inscribed in a
hollow cone of height 45 cm and base radius 20 cm. The cylinder rests on the base of
the cone and the circumference of the top surface of the cylinder touches the curved
surface of the cone.

@) Show that the volume, V cm?, of the cylinder is given by V = 45xar’ —%7[!‘3 .

[3]
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(ii)  Given that r can vary, find the maximum volume of the cylinder, leaving your
answer in terms of 7. [4]

(iii)  Hence show that the cylinder occupies at most g of the volume of the cone.

(2]
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6 ) Express 2X° =20x"—=17x-10

(x2 —4)(2x2 +1)

Prelim 4E5N Add Math 2020 4047/02
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(i)  Differentiate ln(2x2 + 1) with respect to X. [2]

x> —20x* =17x—-10
(x2 —4)(2x2 +1)

(iii)  Using the results from parts (i) and (ii), find I 2 [3]
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/C I'A

The diagram shows the curve y =f(Xx) which intersects the x-axis at points A and B.

1 . .
The tangent to the curve at the point (E, 10] intersects the x-axis at point C. It is
given that ¥ = _8x+10.
dx

(i) Show that B is the point (3, 0) and find the coordinates of C. [5]
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(ii) Find the area of the shaded region.
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8 (i) Sketch the graph of y ={x* —17x+16|. [3]

(ii)  Find the range of values of X for which x> —17x+16|> 54 . [5]
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(iii)  Given that [x* —17x+16| =k has more than 2 distinct solutions, state the range

of values of k. [2]

(iv)  Determine the number of solutions of the equation |X* —17X+ 16‘ =2x-2.

Justify your answer. [2]

Prelim 4E5N Add Math 2020 4047/02



18

9 The diagram shows the side view PQRST of a tent. The tent rests with RS on horizontal
ground. PQRST is symmetrical about the vertical PU, where U is the midpoint of RS.
Angle QPU = angle QRU = @ radians and the lengths of PQ and QR are 90 cm and 150
cm respectively. The vertical height of P from the ground is h cm.

90 cm

(i) Explain clearly why h=90cos@+150sin8 . [2]

(ii)  Express h in the form Rcos (9 - a), where R > 0 and « is an acute angle. [4]
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(iii)  Find the greatest possible value of h and the value of @ at which this
occurs. [3]

(iv)  Find the values of & when h = 160. [3]
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10 A bowl of liquid is heated to a high temperature. It subsequently cools in such a way

that its temperature, T°C, is given by T =15+ Ae ™, where t minutes is the time of
cooling and A and k are constants. The table below shows corresponding values of t

and T.
t 5 10 15 20 25
T 58.8 40.3 29.6 23.4 19.9
(i) Draw the graph of In(T —15) against t. [3]
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e

.

i .
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(i) Use the graph to estimate the value of each of the constants A and k. [5]

(iii)  State the initial temperature of the liquid. [1]

(iv)  Use the graph to estimate the time taken for the temperature of the liquid to
drop to half of its original temperature. [2]

End of Paper
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