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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax> +bx+c=0,

_ —b++b® —4ac

2a

X

Binomial expansion

n__ AN n n-1 n N2 2 n nN—ri,r n
(a+b)"=a"+ | a" b+ 5 a b +..+ ) a”’b +...+b",

nJ n'  n(n-r)..(n-r+l)

r

where n is a positive integer and = =
r‘(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 £ cosAsin B
cos(A=£ B) =cos Acos Bmsin Asin B
tan(A+ B) = tan A+tan B
Imtan Atan B
sin2A=2sin Acos A
cos2A=cos’ A—sin? A=2cos’* A—1=1-2sin* A

tan2A = ﬂ
1—tan” A
Formulae for AABC
a b c

snA sinB sinC
a’ =b? +c? —2bccosA

A= lesinA
2
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1 Find the range of values of k for which the quadratic equation (K +2)x* —2kx+1=0
has real roots. [3]

2 A triangle ABC has an area of (14—3«/5) cm® and AC :[S—ij cm. Express

N

the perpendicular distance from B to AC in the form of a+ b2 , where a and b are
rational numbers. [4]

[Turn over

Crescent Girls’ School 2020 Sec 4 A Math Prelims P1



3  Given that (1,h) is a solution of the simultaneous equations ! + 2 3=0 and
Xy
X+ky—6=0, find the values of X and of y. [5]
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-2x

4  Given that y= ¢
3X

, find the range of values of X for which y is an increasing

function. [5]

[Turn over
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5 (i) Giventhat 1g2=x and 1g3 =y, find the value of log;24 in terms of X and
4]
y. [

(i) Express 4™ +2"° inthe form 2" , where m is a constant. [2]
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6  Express in partial fractions. [6]

[Turn over
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7  Water flows out of a filled container of height 20 cm such that after t seconds, the
depth of water in the container is h cm and the volume of water left in the container

. h*(h+2) . :
isgivenby V =10+ 0 Given that the height of the water level is

decreasing at a rate of (4t —1) cm/s. find the rate of decrease of the volume of the
water when t=2. [6]
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9

It is given that tan B =% where B is an acute angle. Without solving for B, find the

exact value of

(i cos3B, [4]
(ii) B ring-
tanz. [Hint: Use double angle formula.] [3]
[Turn over
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9 (i) Sketch the graph of f(x)=3—|2x-3| for —2<x<7, indicating the

coordinates of the intercepts, endpoints and vertex clearly. [3]
. . 1
(ii) State least positive value of T) . [1]
X
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(iii) State the range of values of m such that the line y = mx + 2 intersects the graph
at 2 distinct points. [3]

[Turn over
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10 A company wants to produce open cylindrical containers with a capacity of
6000 cm’ each.

(i) Find the radius of the container if the company wants to minimize the amount
of material used.
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(i) For the value of the radius found in (i), show that the amount of material used

1S minimum. [2]
(iii)  State an assumption made in your calculations above. [1]
[Turn over
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11 A radioactive substance decays according to the equation A=15¢™™, where A is the
mass in grams of radioactive substance remaining and t is the time in hours after the
radioactive substance starts to decay.

(i) Given that there are 10 grams of radioactive substance remaining after 30
hours, verify that the value of b is 0.013516.

(i) Find the mass of radioactive substance left at the end of 1 week. [1]

(iii) Find the number of hours for the radioactive substance to decay to half of its
original mass. [3]
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(iv)  Find the rate at which the substance decays at t=50hours. [2]

[Turn over
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12 It is given that f(X)Z%—3c052X for 0<x<27 and g(X):2sin(§j for

0<x<L2rx.
(i) State the period of g(Xx). [1]
(ii) State the least and greatest values of f(X). [1]

(iii) Sketch, on the same axes, the graphs of y=f(x) and y=g(x) for
0<x<L2r.

[4]
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(iv) Hence, state the number of solutions of the equation 6cos 2X+4sin(§j =1

for 0<x<2r. [1]

(v) Determine the value of k for which the equation %—3cos 2x =2sin (gj +k

has one solution. [1]

[Turn over
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13 (i) Find the coordinates of the foot of the perpendicular from A(3, 11) to the line

l, 2x+4y=25. [4]
(ii)  Hence, calculate the perpendicular distance from A to the line I. [2]
(iii) If B is the reflection of A in the line |, find the coordinates of B. [2]

END OF PAPER
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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" +(T]a”‘lb+(2ja”‘2b2 +...+(:ja”‘rb“ +.+b",

HJ nt n(n-r)..(n-r+l)

r

where n is a positive integer and = =
r'\(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+cosAsin B
cos(A=xB) =cos Acos Bmsin Asin B
+
tan(A+ B) = tan A+tan B
Imtan Atan B
sin2A=2sin Acos A
cos2A=cos’ A—sin’ A=2cos’ A—1=1-2sin* A

tan2A = ﬂ
1—tan” A
Formulae for AABC
a b C

snA sinB sinC
a’ =b? +c? —2bccosA

A= lesinA
2
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1  The equation of a polynomial is given by P(x) =2x’ +c¢x* +7 . The remainder when
P(x) is divided by 2x—1 is twice the remainder when P(x) is divided by X—-2.

(i) Show that the value of C is 5. [3]

(ii) Using the value of C in part (i), explain why the equation P(x) =0 has only
one real root. [4]

[Turn over
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2 A particle moves in a straight line so that after t seconds, its distance, S metres, from
. .. 5
a fixed point O is given by s=e¢' o -7.
S

(i) Find the distance of the particle from O when t=In2.
By comparing with the instant when the particle first moves off, determine if
the particle is moving towards or away from O at t=In2. [3]

(ii) Find the value of t when the velocity, v = 5.5 m/s. [4]
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3 (i) Differentiate Xcos’x with respect to X. [2]

T o2 .
(ii) Hence show that I 3 SIn° X+ Xsin 2X dx =2 [4]
0 2 16

[Turn over
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4 (a) Find the range of values of k for which 3x*>+8x+k is always positive.

(b) The equation px*+7gx+9p =0 has equal roots. Given that p and q are

positive, find the ratio p : q and solve the equation.

Crescent Girls’ School
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S  The diagram shows two isosceles D
triangles OAB and COD.
OA=0B=4cm, OC=0D =8 cm,

angle AOD Z%and angle COD = 6.

The sum of the areas of triangles OAB
and OCD is S cm?.

C S8cm

A 4cm o

(i) Show that S can be expressed in the form psin&+qcosd, where p and ( are
constants. [3]

(i) Express Sin the form Rsin(@+«a) where R>0and O<a< % :

Given that the sum of the areas of triangles OAB and OCD is 32 cm?, find the
value of 6. [5]

[Turn over
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6 A rectangle of area A m? has sides measuring X m by (px+q)m, where p and q are
constants and X and A are variables. Values of X and A are given in the table below.

8

X

50

100

150

200

250

A

3800

10 500

20400

33 000

48 500

(i) Using suitable variables, draw, on the grid opposite, a straight line graph and

hence estimate the value of each of the constants p and g.

(ii) On the same diagram, draw the straight line representing the equation A= x>
and explain the significance of the value of X given by the point of intersection
of the two lines.

Crescent Girls’ School
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. . 1
7 (a) Giventhat cosecx+cotXx=4and X is acute, show that cosec X —cotx = 7 (5]

Hence find the value of secX.

2 .
() Giventhat 7208 0 900 <9<180°, find the value of 10
sin” @ 3 I+cos@
giving your answer in the form %(a +b/c ) where a, b and c are integers. [5]
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8  The quadratic equation 2x*>+6Xx+k=0 hasroots «and 2.

(i) Find the value of (a— f)’in terms of k. [3]

(i) Find the smallest integer value of k if the equation has no x-intercept. [3]

(iii) Given that the value of k is 5, find a quadratic equation whose roots are

a_2 and 'B—z [5]
p a

[Turn over
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9 (a) Find the coefficient of L4 in (ZX—lJ .
X X

(b)

(@

Write down, without simplifying, the fourth term in the binomial expansion of

]
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(ii) If this term is a constant term, find the value of n. [2]

(iii) The fourth term of the binomial expansion is 160 and a—b=1 where both a
and b are positive.
Use the value of n in part (ii) to calculate the value of a and of b. [4]

[Turn over
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14

A circle with centre C, passes through the origin and has X-intercept of 4 at point A
and y-intercept of 3 at point B.

(i) Explain why the centre of the circle is (2, 1.5).

(ii) Determine the equation of the circle in the general form.

(iii) OD is a diameter of the circle. Find the coordinates of D.
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(iv) The tangent at D cuts the x-axis at E. Find the area of triangle BCE. [5]

[Turn over
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11 ¥

0.04

The diagram (not drawn to scale) shows part of the curve y =

1-2%) passing

through the point P[k, j, where K is a constant. The normal to the curve at

(1-2k)*
P is perpendicular to 2y =1-Xx and the normal meets the horizontal line y=0.04
at point Q. The curve meets the same horizontal line at the point R.

(i) State the equation of the asymptote denoted by dotted lines.

(ii) Provethat k=1.5.
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(iii) Show that the x-coordinates of Q and R are 1.395 and 3 respectively. [4]

(iv) Find the area of the shaded region PQR, giving your answer to 2 significant [5]
figures.

END OF PAPER
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