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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+d)" =a" +(';j a"'b +[ZJ a"’b’ +---+(n) a*’b +---+b",

n nn=1)..(n-r+l)
(n—r)r! - r!

’ Gy n
where 7 is a positive integer and ( ] =
r

2. TRIGONOMETRY
Identities

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

+
tan(4 + B) _tandttanB
lF¥tanAtan B
sin 24 =2sin Acos 4

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

2tan A

tan24 = ———
1-tan® 4

Formulae for AABC
a b c

snA smB sonC

a® =b*+c* —2bccos A

A =—1—bcsinA
2



1

The loudness, L dB, of a sound is given by L = 10 lg (IL), where [ is the sound intensity
[}

to be measured and I, is the minimum sound intensity that can be heard by a human.

(@) Given that the loudness of a thunder is 120 dB, find the ratio of the sound intensity

of thunder to the minimum sound intensity that can be heard by a human. [2]

(b) Given that the minimum sound intensity that can be heard by a human occurs when
L=90dB and I = 1073, find the loudness of a plane taking-off if its intensity is
100. [3]



2 The coordinates of three points 4, B and C are (—3,1), (6,3) and (1, 8) respectively.
Given that ABDC is a parallelogram, find
(a) the coordinates of D, [3]

(b) the area of the parallelogram ABDC. [2]



3 (a) Show that 4sin?x — 2 cos?x can be written as a + b cos 2x, where a and b are

integers. [2]

(b) Hence sketch the graph of ¥ = 4 sinx — 2 cos?x for —90° < x < 270°. [3]



4 (a) Itis given that (3x + k) is a factor of the polynomial
81x* — 6x3 — Yk2x? — 11x — §-9§, show that 2k + 33k — 35 = 0. [2]

(b) Show that the equation 2k3 + 33k — 35 = 0 has only one real root for all real

-

values of k. [4]



Integrate each of the following with respect to x.

(a) %tan2 (% x)

(2]

[3]



(@

(b)

By squaring sinx + cos2x, or otherwise, show that

sin*x + cos*x =1 - %sinZZx. [3]

Hence, find the values of x for which sin*x + cos*x = % for %E <x<2m [3]



A piece of wire with a fixed length, L cm, is bent to form the shape a sector of a circle,
OPQ, centre O and radius r cm as shown in the diagram. The angle at the centre is 8

radians.

Q

v

o
(@)  Show that the area, 4 cm?, of the sector is given by 4 = érL -2, [2]

(b)({) Given that » can vary and 4 has a stationary value, find » in term of L and its

corresponding value of 6. [3]

(b)(ii) Determine the nature of this stationary value. [1]



10

8 (a) The variables x and y increase in such a way that, when x is a particular value, the

rate of increase of y with respect to time is half the rate of increase of x with respect
2V6x+7
3

to time. Given that y = , find this particular value of x. 3]



(b)

11

The drug concentration, C(t), in a person’s bloodstream ¢ hours after digesting a

3t3

certain amount a drug, can be modelled by the function C(t) = 0.845t — ==

Find the time interval when the drug concentration in the bloodstream is

increasing. [4]



12

The height, » metres, of a stone from the ground after it has been thrown can be modelled
by the equation h = —ax? + x + g, where x is the horizontal distance travelled by the stone

in metres and a is a constant.
(a) Given that the maximum height attained by the stone is 2.4 metres, find the value of

a and the corresponding horizontal distance, in metres, travelled by the stone.  [5]

(b) Hence, solve the equation —ax? + x +§ = 0 and explain the significant of the

answer(s). (2]



10

13

(@) Without the use of a calculator, express the principal value of cos™?! (—- ?) in

radians as a multiple of 7. [1]

Va-Vb

. . 2
b) Without using a calculator, express cos — in the form , Where a, b and ¢ are

integers. [2]

(¢) Angles 4 and B both lie between 0° and 360°. Given that sin 4 and cos B are both
negative, explain whether you agree or disagree that 360° < A + B < 540°. [2]



14

(d) The diagram shows a triangle XYZ of height # cm, YW =3 cm, WZ = 2 cm and
angle XWZ = 90°. Angles 4 and B are such that A + B = 45°, find the value of 4.

[4]




15

, E 1
11 (a) Given that f e~ f(x) dx = e~2* sin 4x + c, find the value off(4). [4]



16

(b) It is given that f(x) is such that f”'(x) = 4sin (3x + g) + e%* . Given also that

f'(0) = § and f(0) = -:;2, find the expression for f(x). [5]



12

17

The velocity, v m/s, of a particle moving in a straight line, ¢ seconds after passing through

27 3t+1

a fixed point O, is given by v = G

(a) Find the initial acceleration of the particle. 21

(b) Determine, with appropriate working, whether the velocity of the particle is

increasing or decreasing. [2]



18

(c) Find the average speed of the particle during the first 6 seconds. [6]



19

n
13 (a)() The ninth term in the expansion of (px —_ g—) , where p and g are constants, is

independent of x. Find the value of ». [3]

(a)(ii) Show that the ninth term is a positive number. [1]

n
(b)(I) Write down, and simplify, the first three terms in the expansion (2 e E) , where

n is a positive integer greater than 2, in ascending power of x. [2]



20

(b)(ii) The first two non-zero terms in the expansion, in ascending power of x, of
n

2+x) (2 - f) are a + bx?, where a and b are constants. Find the values of n, a

and b. [4]

End of paper
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Answer Keys for 2021 NCHS Prelim Exam Add Math Paper 1 (4049/01)

la |1, =10%%1 12a | a = —82.5m/s?
1b | 140dB 12b | since % < 0, vis decreasing
2a | D(10,10) 12¢ | 5.07 m/s (3sf)
. 2b | 55 units® 13ai | 16
3a |1~-3cos2x 13bi | 2" —n2" 3x +n(n—=1)2"""x% + ...,
3b 2 e 13bii [n=4

S S a=232
N j?ﬂ\r / b=-5
p—— _i_..(.. bt e e o

, .h W)

[ —mmmm—
Sa 5t (2) 1 N
6an 5x 3x c

5b |x+In(5—-3x)+c

6b | x =5.27,5.73

7bi r:%;e_-:z

7bii | A is a maximum value

8a | 1.5

1
8b OSt<4§

1
9a a:-s-l-x=4

9% |x=8.38 or x=-0.382

Since distance >0, x = —0.382 is
rejected. 8.38m represents the horizontal
distance travelled by the stone when it
hits the ground.

10a

o &

10b

=
=

4

10c | Disagree as
270° < A + B < 630° and not 360° <
A + B < 540°,

10d | 6

1la |- 4

11b 4 . T, e¥* 1
f(x)—A—asxn(3x+E)+T+gx+2
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Mathematical Formulae
1. ALGEBRA
Quadratic Equation
For the equation ax? + bx + ¢ = 0,
—b £ Vb2 — 4ac
X =
2a

Binomial expansion
(@+b=am+(7)a" b+ (3) @™ 2b% + -+ (7) a"TbT 4 -+ B,

_ nl _n(n—1)(n=-r+1)
T (=it r!

. e n
where 7 is a positive integer and (T)

2. TRIGONOMETRY

Identities.
sin?A + cos?4A=1
sec’A = 1+ tan?4
cosec?4 = 1 + cot?4
sin(A + B) = sinAcosB + cosAsinB
cos(A+ B) =cosAcosB FsinAsinB
a1 5) = A £108
- 1+tanAtanB
sin24 = 2sinAcosA
cos2A = cos?A—sin?A=2cos?A—1=1-2sin%4
_ 2tanA
tan 24 = ey
Formulae for AABC
a b c

sinA = sinB = sinC
a? = b% +c? — 2bccosA

1
A= Ebc sinA4



1 (a) Given the solution set of 3x2 < hx + k is —2% <x< 2% , where & and k are
constants. Find the value of # and of %. [3]

(b) Find the range of values of m for which the curve y= x>+ (m+2)x+1-m
does not intersect the line y + x = 1. [3]



3x-5x%+In2x

2 Theequationofacurveisy = e , where x > 0.

(a) Obtain an expression for % . [2]

(b) Find the coordinates of the stationary point of the curve and leave your answer in

exact form. [3]

(¢) Determine the nature of the stationary point of the curve. [2]



8x3—5x+3

8x%-5x+3 d
x(4x2-9)

3  Express otiniog) 9% [8]

in partial fractions. Hence find [



4  Solve the following equations.

1
(a) logsV3x?—3 = 2  ——— [4]
log(3x—3)9

(b) 243 4 14(4%) = 15. [4]



1+sec2x

5 (a) Show that - cotx. [4]
(b) Given that y = In[sin(nx)] where n is a constant, find an expression for % .7 12]
(c) Using the results from parts (a) and (b), find [ 22525% _ 1 gy [3]

2 tan 8x



6 A circle with centre C touches the y-axis and intersects x-axis at x = —2 and x = —8.
Point C lies above the x-axis.

(a) Find the equation of the circle. [4]

(b) If the point (—3,k) lies inside the circle, find the range of values of k.
[3]



() Find the length of the chord such that the coordinates of the mid-point of the chord
is (—3,5). (3]



10

7  The side view of a sculpture ABCDE lying on the horizontal floor 4B and leaning against
a vertical wall AEF is shown below. Given DE = 17 m, CD = 20 m, BC = 2 m, angle

EDC = -215 radians, angle DEF = 6 and ED is parallel to BC.

F
D
\9
E|
Wwall
C
B Floor
(a) Show that the length AB is 155in 6 + 20 cos 8. [2]

(b) Express AB in the form Rcos(6 — @), where R > 0 and 0 < @ < 5. [3]



11

(¢) Find the values of 6 for which AB = 23 m. : [3]

(d) Write down the maximum vatue of AB and find the corresponding value of 6.

[3]



(a)

12

The diagram shows part of the curve y = f(x). Shaded area 4 and B are bounded by
the curve and x-axis. Given f_oz f(x)dx = h and f: f(x)dx = q, where & and g are

constants, find an expression in terms of 4 and g for each of the following. Hence
interpret how each expression is related to the area 4 and B.

y
y = f(x)

@ f°,5f()dx [3]

@) [0 dx — [T f(x) dx [3]



13

() The diagram shows the curve y? + x = 4 intersecting the line L; at point B and C.
Both points 4 and B lie on the y-axis while point C lies on the x-axis. Find the area
of the shaded region bounded by the line and curve. [6]

o
P

v

=




14

9 (a) Express h and k in terms of x given that (6*~3)(243**1)(27372*) = (a")(b"),
where a and b are prime numbers and a < b. [4]

(b) Hence find the value of x given further that (6*~3)(243**1)(273-2%) = (ab)9,
where ¢ is a rational number. [2]



15

10 (a)

y

The diagram shows part of a straight line graph AB drawn to represent the equation
y? = hx® 4+ y(k + x), where h and k are constants. Given that the line passes

through (3,3) and (2, 5), find the value of h and of k. [4]



16

(b) If the diagram from part (a) is being drawn to scale on a graph paper, find the
equation of a suitable straight line which should be added to the graph in order to
find the value of x for which b + 2 + 25 = 2

[2]

©
y ﬁr X
B Refer to part (a)
information for
continuation
A€ D
F\ y

EF is a normal to the line 4B at E(6,p), intersects the x-axis at F where p is a

constant. A horizontal line meets AB at C and EF at D. ACEB and EDF are strai ght
lines.



17

(i) Find the value of acute angle ECD. ‘ [2]
(i) Find the value of p. [2]
(iii) Find the coordinates of F. [3]

End of Paper
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Answers
1
la)h= 3, k=175
1b) -9 <m< —1

2a) 2 = 2xe3*-5%* (3 — 10x + 1) OR 2e3*~5%* (=102 + 3x + 1)
dx . X
2b) (3,e%)

1
20) (%, eZ) is a maximum stationary point.

1 5 11 1 5 11
3)2~_—+ T T x—clnx+-in(2x - 3) - Sin(2x+3) +c
4a)x =80
4b) x = —0.208

5b) % = n cot(nx)

1
5¢) §lnsin(4x) -x+C

6a) radius =5, (x+5)?%+(y—-4)2=25
6b) — 0.583 < k < 8.58
6C) Length of cord = 4+/5 = 8.94

7b) AB = 25 cos(8 — 0.644)
7c)0 = 1.05 or 0.241
7d) max AB = 25, 0 = 0.644

8ai) 5(h + q), 5 times of (area A — area B)
8aii) —q + h, Area A+areaB

4
8b) 5

9a) h = 10x and k=7-2x

9By x = —
)X =13

10a)h=i and k=1
3 3
52
10)y—x= —2—y—+ 5
10ci) £LECD = 53.1 or 0.927 radian
1
10cii) p = 103~
7
10ciii) F(19; ,0)
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