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Mathematical Formulae
1. ALGEBRA

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

- —b++b* -4ac

2a

Binomial expansion

(@+b) =a" +[TJa"lb +(;Ja"2b2 + ...+[nja”"b’ +o4b",
r

nJ nt nm=-1)..(n-r+l)

CA(n-r) !

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 B Fsin Asin B
tan A £ tan B

l¥tan Atan B
sin24 =2sin Acos 4

cos2A =cos> A—sin’ A=2cos* A-1=1-2sin’ 4
2tan 4
1—tan” A4

tan(4+ B) =

tan24 =

Formulae for AABC

a b c

sind sinB sinC
a’ =b*+c*=2bccos A

A= lbe:sinA
2
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3
State the principal value of
. af 1Y) .
(i) cos g in degrees, [1]
(ii) tan”’ (—«/5 ) in radians as a multiple of 7. [1]

Solve, for x and y, the simultaneous equations
3*(9)=1,

(v2) +16" =32 [4]
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(a)

(b)

4

Clearly labelling each graph, sketch, on the same axes, the graphs of y* =8x and
y=2" forx>0. (2]

Express in partial fraction. [4]

58
x(x2 + 4)

BP~170
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BP-171

4. The graph shows part of a straight line graph drawn to represent the equation ay = x +2.

y
Xy
‘I B(12,2)
5
4(0,-4) F
(i)  Calculate the value of @ and of . (4]

(i)  Find the coordinates of point P, given that point P lies on the horizontal axis. [2]
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6

The heights, in metres, of tides are recorded at a particular beach over time ¢ hours.

It is found that the height, in metres, is given by H (¢)=1.2sin2¢+1.4.

(i) State the highest and lowest value of H (7). [2]
(i)  State the period of H (7). [1]
(iii) Find the height of the tide when ¢ = 5 hours. [1]
(iv)  Sketch the graph of y = H(t) for 0<t<2x. [2]

y

3

» H(f)
0
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1
l+sindA 1-sinA

6. (a) Show that cos 4 [ ] can be written in the form of ktan 4 .

Find the value of &. (3]

(b) Given that € is acute and sin @ = ¢, express in terms of c,

(@) sin(90°-6), [1]
(ii) cosecd, [1]
(iii) tan@. [2]
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(a) Solve the equation sin2x=cos2x for 0°<x<360°. [3]
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(b) The diagram shows a triangle 4BC in which AB = 6 cm, BC = 3 c¢m and the angle
ABC = 150°.
The line CB is extended to the point X where angle AXB = 90°.

(i) Find the exact length of AX. [2]

(ii) Show that angle ACB = tan™' [

52

BP<175
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8
8. (a) Find the term in x’ in the expansion of (xz + —1-] . [3]
X

(b) (i) Write down and simplify the first three terms in the expansion, in ascending

7
powers of x, of [1 —%) ; [2]

7

(i) In the expansion of ( 4+ foc + 2x° )(1 - %) , there 1s no term in x.

Find the value of the constant £. [2]
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() Itis given 2x° —10x% +12x—27 = Ax(x—1)(x—4)+ B(x~4)+ Cfor all values of x,

(i) Find the values of 4, of B and of C. (3]

(ii) Hence, state the remainder when 2x* —10x* +12x—27 is divided by x* —x.

(1]
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(b)  When the expression x° +3x° —2x+c is divided by x -2, the remainder is R.
When the expression is divided by x+ 2, the remainder is 2R.

Evaluate c. [4]
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10. The diagram below shows a circle with centre (3, 4) and the equation of tangent at point P of
the circle is 2y = 3x + 12.

¥
A
P
=3x+12
2y =13x CE.4)
= x

0
(a) Find the coordinates of point P. [1]
(b)  Find the equation of the circle. [2]

PartnerinLearning
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()  Find the coordinates of the point O, given that PQ is the diameter of the circle.  [1]

(d)  Determine whether the tangent to the circle at point Q is parallel to the tangent to the
circle at point P.

[2]
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11.

-

B(2, 5)
C(10, 4)

0 V
4(0,-1)

The diagram shows a triangle 4BC with the vertices A(0,-1), B(2, 5) and C(10, 4).
The point N lies on the line AC such that BN is perpendicular to AC.

(i) Find the gradient of line AC.

Hence, or otherwise, find the angle that line AC makes with the positive x-
axis. (3]
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(if)  Find the coordinates of N. [5]

(iii)  Find, in the form » : 1, the ratio of the area of triangle ABN to the area of triangle
CBN. (2]
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i)
12. (a) Without using a calculator, show that (log, 3)(log, 8) = % ; (2]
(b) Solve the following:
@i log, (12+m)=2 . (2]
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(c)

18

(ii) 1g(x+8)—1g2z1+1g(ﬂ. (3]

The number of bacteria in a culture doubled every hour.
It is given that Ny is the number of bacteria present at a particular time and that N is
the number of bacteria present ¢ hours later.

Calculate the value of the constant £ in the relationship N = N,e*, giving your

answer correct to 2 decimal places. [3]

BP-184
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13. (a) Solve the inequality x’ —x—12 <0 and represent the solution set on the number line.

(3]

(b) The equation of a curveis y = 2x* +cx+1, where c is a constant, and the equation
ofalineis y+x=5.
Show that, for all values of ¢, the line intersects the curve at two distinct points. [3]
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(¢) An arched tunnel has the shape of a parabola as shown.

;1\

» X
- e
6

In the diagram, x m is the horizontal distance from one end of the arch and y m is the
height of the arch.

The one-way tunnel passing under the arch is 6 m wide and the maximum height of
the arch is 5 m.

(i) Express the function in the form y = a(x—h)* +k . [2]
(ii) A tour bus is approximately 12 m long, 4 m tall and 3 m wide. 2]
Explain whether the tour bus can pass through the tunnel

- End of Paper -

PartnerinLearning
186



BP-188

3E AM SA 2 2021 (Solution for students)

1| @) |60

i | -Z

2 (\/5) 167 =33
FEY -1 27 12" =7
3x x32y - 30

1
x+2y=0 ——(1) o 2° P30

1
Sy S
Sub, ¥=-2Y intoeq(2): 2° ) =4y

x=2 y=-1

3 (a) y y= ¥
3? = 8x

e

s“l
(b) 8 _A Bx+C

x(x2+4) x x*+4

8=A(x" +4)+(Bx+C)(x)

Comparing coefficientof x : €=0
Comparing constant : 44=8 A=2

Comparing coefficient of x*: 0=A4+B
8 i Iz

x(x2+4)_x x+4
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‘e 2-(-2) _1
Gradient of line= 12 2
Y- intercept = —4

Equation of line: Y=mX + ¢

4
(ii) 2-(-4) 1
Gradient= 12 2

0—(-4) 1

xp—O

[\]

x, =8 ; hence P is (8, 0)

Since points 4, P and B are collinear and at x-axis, y = 0, let P be (xp, 0):

5 i B
® Highest value = 1.2(1)+1.4=26_

Towesks 1.2(-1)+1.4=0.2 M

(ii)

T

Gil) | F7(r)=1.2sin2(5)+1.4=0.747175 _ 747 1 (3 5.0)

(iv)
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(a)

Gz
cos A - - -
l+smA4d 1-sinA4

l-sinA—(1+sinA
oo sin -(2 sin 4)
1-sin” 4

Hence, k=-2

}: COSZA (—2sind)=-2tan 4
cos” A4

(b)

N

(i)

® | sin(90°-8)=cosf=

e

(ii) cosecf = ,1 = —1~
sinf ¢

(iii) | tan@=
1-¢*

(a)

sin2x =cos2x

tan2x =1

Basic angle = 45°

2x=45°, 225°,405°, 585°

x=22.57, 112.5°,202.5°, 292:83

(b)

®

sin30° = E
6

AX=3cm

(i) | For triangle 4BX:

3

3:f3 +3

tan ZACB =

tan ZACB =

XB=N6* -5 =27=

B
J§+I \/3_)—1

ZACB =tan™ [@J
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(a) | To find term in x’:
8 —r g
et -
r x
16=2r—r=7
r=3
(erty
Term inx’ = \3 xX) =56x’
a
(b) (i (l—ij =1——lx+-2—1x2+...
2 2 4
(i) ;
(4+kx+2x2)(1—£)
2
=(4+kx+2x2)[1—1x+—2—1x2+...)
2774
4(—1]+k=0
Coefficient of x term: 2
k=14
@ 1O gy x=4. Cc=-11
Sub. x=0: —27=-4B-11 B=4
Comparing coefficient of x*: 4=2
@ | Remainder= 4(x—4)-11=4x-27
(b)

Let f(x)=%+3x"-2x+c
When divided by x—2, f(2)=(2)3+3(2)2_2(2)+C=R
c=R-16 __(1)
When divided by x+2,
f(-2)=(=2) +3(-2)’ —2(-2)+c=2R
c=2R-8 _(3)

Solving eq (1) & eq (2): R=-8

c=R-16=-8-16=-24
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(a)

Aty-axis,sub.x=0:y=6 Pis (0, 6)

(b)

2
Radius = cp = ( -4) =13
Hence equation of circle with centre (3, 4):

(x=3) +(y-4)" =(+13)

(x=3)" +(y-4) =13

(©)

Midpoint of PQ = centre of circle = (3, 4)

O+x, 6+y, ~(3.4)
2 ' 2 '

Qis (6,2)

(d)

Since PC = CQ = radius of circle, and both th ts to the circle at point P

1s), hence the tangents have

11

tan @ = —
2  0=26.5651°

AC makes an angle of 26.6° (1 dp) with the positive x-axis.

(ii)

1
Equation of AC: © 2 —(1)
Mgy XM, ==1  mp, =-2
Equation of BN: ¥ ~5=2(x-2)
y==2x+9 __(2)
Solving (1) & 2): x=4 ;y=1

Hence, Nis (4, 1)

(iii)

-1 1 5 -1

4 10 2 4
AC‘J.‘?]\.’=1

0
AABN = '
Area of

Area of

Hence ratio of area=10: 15 =

PartnerinLearning
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()

(log, 3)(log, 8) =log, 3x

3log,2 3
210g2 3 2 (ShOWl‘l)

(b)

0

log, (12+m)=2
12+m=m’

m -m-12=0

(m+3)(m—4)=0

Sincem>0,m=4

(ii)

1g(x+8)—1g2=1+1g(ﬂ

lg(x+8)—lg2=1g10+1g(£)

LX) (I()_x}
g——=lg|

4x+32=20x

=2

(c)

When t=0: N=N,

When t=1; N =2N,

N, =2N,
=2
klne=In2

k=1n2=0.69(2dp)
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13 | (a) xt=x=12<0
(x—4)(x+3)<0
-3<x<4
0
i
-3 4
(b) y=2x*+cx+1 _ (1} & P=9—% .5}
Sub (1) into (2):
28 +ex+1=5-x
22’ +(c+1)x-4=0
b —4ac=(c+1)" —4(2)(—4) =(c+1)" +32
2 g) _ 2
Since (¢+1) 20 b* —4ac=(c+1) +32>0 ihus line intersects curve at two
distinct points.
© | @

Max point is (3, 5), ¥ = a@(x=3)"+5
Sinceatx=0m,y=0m:
5

y=a(x-3)*+5 a=—§

2 2
Cy=—=(x=-3)"+5
Hence, the function is 9

(i)

When the width of the bus is 3 m,
s At —E =15
2 m

y:375 m<4m

Since the height of the tour bus, 4 m > permissible height of 3.75 m, it
cannot pass through the tunnel.
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