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Mathematical Formulae

1. ALGEBRA

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

_ —b++/b* -4ac

b's
2a
Binomial Theorem
n n n n-] n n-2132 n-ryr n
(a+b)"=a"+| |la""'b+ a”~ b +...+| @b +...+b
1 2 r
n ! -1)....... -r+
where 7 is a positive integer and = - n(n ) (n r ])
r (n — r)r! r!

2. TRIGONOMETRY

Identities
sin” A+ cos’ 4=1
sec’ A=1+tan’ 4
cosec’A=1+cot’ 4
sin(4 + B)=sin 4 cos B+ cos Asin B
cos(4+ B)= cos Acos BF sin Asin B
tan A*tan B

1+ tan Atan B
sin2A4=2sin Acos A

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

tan(4 + B)=

I-tan” 4
Formulae for AABC
a b c

sind sinB sinC
a’> =b? +¢?-2bccos A

A= %bcsin A
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Answer all the questions.

The acute angles 4 and B are such that sin(4+ B)= 0 and sinB = % .

Without using a calculator, find the exact value of tan 4. (3]
. 2x+16 .. o
It is given that y = , where both x and y are positive and vary with time.
¥—
Find the value of y when the rate of increase of y is twice the rate of decrease of x. (4]

Express —x+12——— in partial fractions. [4]
(x+2)(x* +4)
(i) Find the range of values of k for which the line y = x—k intersects the curve
y = ho(x+ 3) at two distinct points. [4]

(i)  Hence or otherwise, find the range of values of k for which kx(x + 3) >x—k forall

real values of x. (2]

Given that the first two non-zero terms of the expansion of (I —kx{l + g) are 1 and — gxz,

where n is a positive integer, find the value of k and of n. [6]

cos’ x—sin’x 1—tanx

(i) Prove that (3]

1+2smxcosx 1+tanx

2 a2
(ii) Find all the angles between 0° and 360° which satisfy M—x = 2 tan x. [3]
1+2smmxcosx 3

Itis given that f(x) is such that f’(x)=sin2x+ cos3x.

Given also that f(%) =0, show that f”(x)+ 9f(x): —% —%cos 2x. (6]

(48
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11

4

Variables x and y are connected by the equation y =10""", where n and k are constants.
When a graph of 1g y is plotted against x, a straight line passing through the points (1, 2) and
(4,-7) is obtained.

Find
§)) the value of n and of %, * [4]
(i)  the coordinates of the point on the line at which y=10". (3]

The tangent to the curve y = xIn3x at point P(1,1n 3) cuts the x-axis at 0.
i) Find the angle that PQ makes with the x-axis. [5]
The normal to the curve y = xIn3x at R is parallel to the line y =5-2x.

(i)  Find the x-coordinate of R. [3]

The diagram shows a rectangular poster of area 825 cm’ with side margins of 2 cm and top
and bottom margins of 1.5 cm. The length and breadth of the printing area are x cm and

y cm respectively.

b 1.5 cm
N
xcm
<—> ycm <
2 cm 2 cm
v
1.5cm
(i) Show that the printing area, 4 cm?, is given by A= 825: -3x. [3]
X+

(ii) Given that x can vary, find the value of x for which the printing area is stationary. [4]

@(iii)  Explain why this value of x gives the poster the largest printing area possible. [1]

(i) Sketch the graph of y = ‘7)(— 2|, for —-1<x<2. [2]

(ii) Hence, find the range of values of x for which [14x - 4| >3x. [4]
(iii)  Using your graph, determine the number of intersections of the line y = mx +c¢ with

y= |7x— 2|, justifying your answer in each of the following cases.

(a) m=-7 and ¢ > 2, [2]
(b) m=7 and c<-2. (2]



12 Solutions to this question by accurate drawing will not be accepted.

y
A

C(-2,6)

0 A(5,0)

In the trapezium OABC, the point 4 has coordinates (5,0) and the point C has coordinates

(=2, 6). The sides OC and AB are parallel, and BC is perpendicular to OC.

1 1
(i) Show that the coordinates of B are (2 5 7 5) . [5]
(ii) OC is produced to D such that O4ABD is a parallelogram.
Find the coordinates of D. 2]
(iii)  Find the equation of the perpendicular bisector of OC. [2]

(iv)  E 1s a point which lies on the perpendicular bisector of OC such that the area of
p perp
quadrilateral OAEC is 15 units’. Given that the x-coordinate of E is positive, find the

coordinates of E. . [3]

END OF PAPER
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Additional Mathematics Paper 1 (80 marks)

tan A =-

1
V15

Level:

Sec 4E

2 y=38

3 x+6 1
8(x* +4) 8(x+2)

7
! k<% or k>1

41 l<k<1
5

5 on=6,k=2

6i _ cos? x—sin’ x
1+ 2sinxcosx
_ (cosx —sin xXcosx +sin x) '

sin’ x +cos’ x+ 2sin xcos x
(cosx—sin xXcos x+sin x)

(cosx +sin x)2
(cosx—sin x)

(cosx +sinx)
cosx sinx

_ COSX  cosx
cosx Ssinx

COSX COSX
1-tanx

" l+tanx
= RHS (shown)

6i1 o x=26.6°108.4°206.6° 288.4°

7 £'(x)=sin2x+cos3x
f(x) = j(sin 2x+ cos3x) dx

=—-]—c052x+lsin3x+c
2 3
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1 1. 1
x)=——cos2x+—sin3x——
f( ) 2 3 12
1"(x)=2ces2x—3sin3x
f”(x)+9f(x)=2cos2x—3sin3x+9(—%c032x+%sin3x—é)
) 9 ) 3
=2c052x—3sm3x—50052x+3sm3x—z

=—g—écos2x (shown)
4 2

8i

k=5

8i1

Coordinates are (1.25,1 .25)

9%

0 =64.5°

91i

x=0.202

101

[x+@x2)]x[y+(1.5x2)]=825
(x+4)y+3)=825
825
Cx+4
_ 825
Cx+4
825
A=(x+4—3)(x)
825x

=——-3x (shown)
x+4

y+3

-3

1011

x=292 or -372 (N.A)

10 1m

d’4  -2(3300)
d (x+4)3
When x=29.2,
d’A_ —6600

dx*  (29.2+4)
=-0.181

2

Since - <0, this value of x gives the poster the largest printing area

dx

possible.

11

A (2,12)
)

(1.9

N

2

v
=

NEN)
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11 11a

1 intersection,;
- . &
Line parallel to L.H. arm cuts R.H. arm at only one point.

11 0 intersection;
11ib Line parallel to R.H. arm; for intersection, ¢ > -2.
12i mup = Moc
y=9_58
x—5 -2
y=-3x+15 -—--—-(1)
1
My =———
Moc
y-6_1
x+2 3
1 2
=—x+6—- ---- 2
y=3 3 )
; 1 2
Sub (1) into (2): =3x+15= §x+6§
3lx=8l
3 3
x=2l
2
1. 1
Sub x=2—mto(1): y=-32-[+15
2 2)
1
. = 7__
Y 2
Coordinates of B are (2%, 7—12—) (shown)
12 1
D(— 2 71)
22
12 111 1 1
=—x+3-
737773
12iv | Possible coordinates of E are (0.8,3.6).
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1 | sin(4+B)=0
sin AcosB+cosAsmB=0

sin A| -\/1——5 +cosA(l) =0
4 4

\[I_S_SinA+cosA=0

«/l_gsinA =—cos A
smA 1

cos A B \/G

tanAz—L

V15

Level:

Sec 4E

M1: Addition
Formula

M1: Find cosB

Al

12 2x+16
y:
x-1
dy _ (x-1)2)-(2x+16)1)
dx (X'-])Z
_ 2x—2-2x-16

(x-1f

x=4 or -2 (N.A)
When x =4,
2(4)+16
o)
4-1
~y=8

M1

M1

M1

Al
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3 x+1 A
et . = L
(x+2)(x"+4) (x+2) (x"+4)
x+1=A(x* +4)+(Bx + C)x+2) M1
Sub x=-2: —2+1= d|(-2) +4 N
-1=84
a=-1
5 ; M2
Comparing coefficients of x*: 0= 4+ B
le >_AnylZ correct
8 1 mark
Sub x=0:1=44+2C
2C=1—4(—1)
8
Ceb B
4
1 +3
x+1 _ 1 éx 4
(x+2)(x*+4)  8(x+2) (x*+4)
_ x+6 1 3
8(x* +4) 8(x+2)
4 | kx(x+3)=x—k
Joc? + 3k =1)x+k =0 Ml
2
(3]"’]) _4(k)(k)>0 MI1: b —4ac>0
9% —6k+1-4k> >0
5k? —6k+1>0 M1: Factorise
Sk—1kk-1)>0
( ])( ) N
k<= or k>1
5
4 | (3k-1) -4k Xk)<0 MI: b* -4ac <0
(Sk-1)k-1)<0
l<k<] Al
5
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=1+ —x+——2x* —hx——x
18 3
=]+(_n__k)x+ E_(n_—l.)__ﬁl_(_ x2+
3 18 3

n

3 =0 M1
n=3k --—- (1)

."(L“L)_ﬂz_l - M1
18 3 3

Sub (1) into (2):

3k(3k-1) 3k* _ 7 M1
18 3 3

Ok? ~3k —18k*> +42=0

~9k* -3k+42=0

3k +k-14=0

(Bk+7)k-2)=0 Mi

k:—21 or k=2
3

Sub k=—2l into (1): n=3(—21)
3 3

n=-7 (N.A) .. Reject k =—2%

Sub k =2 into (1): n=3(2)
=6
=6, k=2 . Al
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cos’ x—sin’ x
1+ 2sinxcosx M1: Factorise

(cosx —sin x)(cosx +sin x)
== 3 - numerator
sm” x+cos” x+2sinxcosx

_ (cosx—sin x)(cos x +sin x)

LHS =

Y M1: Factorise
(cosx +sin x)

_ (cosx—sinx) denominator

(cosx +sin x)

cosX sinx
_ COSX _ COSX
 cosx N sin x

COSX COSXx Al: Divide by

1-tanx
=— CoSXx
I1+tanx

= RHS (shown)

6il | cos®x—sinx 2
1+2sinxcosx 3

I-tanx 2tanx

l+tanx 3
3-3tanx=2tanx+2tan’ x
2tan’ x+S5tanx-3=0
(2tanx—1)(tanx+3)=0 M1

1
tanx = —
2

Basic £ =26.565

x =26.565,180+26.565 M1: Find basic

OR angle (both
tan x =3 correct)
Basic £=71.565
x=180~-71.565,360-71.565

. x=26.6°108.4° 206.6° 288.4°
Al
7 | f(x)=sin2x+cos3x
f(x) = _[(sin 2x +cos3x)dx
M1

1 1 .
:—*cos2x+§sm3x+c

f(zjz -lc052(£)+1sin3(£)+c
6 2 6 3 6
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1 1 1
x)=—-—cos2x+—sm3x——
f( ) 2 3 12

f”(x)=2c052x—3sin3x M1

f’(x)+9f(x)= 2c032x—3sin3x+9(—%c052x+%sin3x—%

:2cost—33in3x~§cost+3sin3x—% Ml
3 5
=—=———cos2x (shown
o ( ) Al
8i ),':]()l"_"Jr
lgy = (k —nx)ig10
lgy=—-nx+k
__Zea3) Mi
1-4
=-3
-n=-3
n=3 Al
At (1,2), 2=(=3)1)+c Mi
c=5
k=5 Al
8ii | y=10>" - 4))
y=10" -—--(2)
Sub (1) into (2): 10°** =10 M1
x=5-3x
4x=5
x=]-I—
1. !
Sub x=1- 1into (2): y=10"*
4 M1
y=17.783
lgy =1g17.783
=1.25
.. Coordinates are (].25,].25) Al
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Level: Sec4E

y=xIn3x
? = x(-l-) +(In 3x)(1)
X x Ml
=1+In3x
At P(1,1n3), Q=1+1n3(1)
dx
=1+In3
At P(1,In3), y-1n3=(+In3)x-1) M1
y=(+In3)x-1
When y=0, (]+]n3)x:1
. 1
(1+1n3)
x=0.477 Mi
Coordinates of Q are (0.477, O)
In3-0
tanf = ———
. 1-0.477 Mi
=2.0986
6 =64.5° Al
% Gradient of normal = - !
1+In3x
1
1+In3x M
]-Hn3)c-——l
2
]n3.7(:—1
1
3x=e? Ml
] R
x=—e?
3
=0.202 Al
10i | [x+(2x2)]x[y +(1.5%2)]=825 Ml
(x+4)y+3)=825
p43= 825
' x+4
- 825 3 Mi
x+4
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Level:

Sec 4E

A= -3 kx
(x+4 )( ) Al
A= B2 _ 3x (shown)
x+4
10 | d4 (x+4)825)-(825x)1)
. | = . 3 Mi
no dx (x+4)
_ 33»002 _3
(x+ 4)
3300
———-3=0
(x+ 4)2 Ml
2
(x+4) =1100 M
x+4=%4J1100
x=292 or =372 (N.A) Al
10 1 274 -2(3300)
N P ey,
When x=29.2,
d*4  —6600
x> (292+4)
—ty B1: Show
2 d*A
Since - <0, this value of x gives the poster the largest dx’ <0
dx %
printing area possible.
1l y (2,12)
4 B1: V-shape graph
(-1,9) B1: Correct x- and
y- intercepts and
end-points labelled
2
> X
11| 14x-4|=3x
1
27x-2|=3x
3
]7.r—2|—§x MI
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Level:

Sec 4E

7x—2=—;—x or 7x—2=—%x M1
5—x=2 8§—x=2
. . 4 MI
11 17
. xsi or x=2—
17 11 | Al
11 | 1 intersection; B1
inia | Line parallel to L.H. arm cuts R.H. arm at only one point. B1
11 | O intersection; B1
i1ib | Line parallel to R.H. arm; for intersection, ¢ > —2 . Bl
121 | mp =mg.
y-0 6
= B Mi
x-5 =2
y=-3x+15 - (1
1
Mye =——
Moc
y-6_1
x+2 3 Mi
1 2
=—x+6— ---- 2
¥=z > (2)
Sub (1) into (2): ~3x+15=—x+6§ Mi
31.\':8~
3 3
X 2l
5 Ml
. 1
Sub x=2— mto (1): _v=-3(2—)+15
2 2
_v=7l
2
) 1 1
Coordinates of B are (25,75) Al
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1

B(zl,vl)
2y 2

Level:

Sec 4E

M1 O.E.

Al

12
111

0+(-2) 0+6

Midpoint of OC = (———2—,

=(-1,3)

)

Gradient of perpendicular bisector of OC = ———

(-3)

L]
3

M1

Al

12
1v

110 5 x -2 0
E‘o 0 y 6 0
|5y +6x—(-2y) =30
7y +6x=30
7y+6x=30
3y=x+10
From (3): x=3y-10
Sub (4) into (1):

7y +6(3y-10)=30
25y =90

y=36

Sub y=3.6 mto (4):
x=3(3.6)-10

x=038

Possible coordinates of E are (0.

----- or

7y+6(3y-10)=-30

25y =30 '

y=12

Sub y =1.2 into (4):

x=3(1.2)-10

x=-6.4 [NA]
8,3.6).

M1

MI

A1l [with rejection]

H
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Additional Mathematics Paper 1 (80 marks)

1 |sin(4+B)=0
sin AcosB +cosAsmB=0

sin A _\/1__5 + cosA[l)= 0
4 4

\[I_SSinA+cosA=O

\/l—gsinA =-—cos A4
smA 1

cos A - \/E

tanA:——l-

J15

Level:

Sec 4E

M1: Addition
Formula

M1: Find cosB

Al

2 2x+16
y:
x—1
dy _ (x-1)2)-(2x+16)1)
dx (x-1)
_ 2x—2-2x-16
(x-1)

18

(x=1)

Q__zdx

dt E
dy _dy dx
dt dx dt
b _dy ds

dt  dx dti
Y_,
dx
_18
(x-1)
(x-1 =9
x=1=23
x=4 or -2 (N.A)
When x =4,
_2(4)+16
4-1
Ly=8

Ml

Ml

Ml

Al
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Level:

Sec 4E

3 x+1 A Bx+C
et : = +=
(x+2)(x"+4) (x+2) (x"+4)
x+1=A(x? +4)+(Bx+ CYex +2) Ml
Sub x=-2: —2+1= A|-2) +4] ~
-1=84
A=
8 M2.
Comparing coefficients of x’: 0= A+ B ,
B=l |_Any 2 correct
8 1 mark
Sub x=0:1=44+2C
2C=1—4(—1)
8
e "
4
1.3
x+1 _ 1 N 8x 4
(x+2)(x>+4)  8(x+2) (x’+4)
. x+6 1 Al
8(x*+4) 8(x+2)
4 ch(x+3):x—k
Jo +(3k-1)x +k =0 M1
(3k—1)2_4(k)(k)>0 M1l: b? —4ac >0
9% -6k +1-4k*> >0
S5k —6k+1>0 M1: Factorise
(5k-1)fk-1)>0
: Al
k<= or k>1
5
4| (3 -1 -4k Xk)<0 MI: b?—4ac<0
(Sk-1)fk-1)<0
l<k <1 Al
5
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18 3
=]+(§—k)x+[n(n——])—ﬁ]x2 +

18 3
n
——k=0
3 M1
n=3k - (1)
”(Ll_)_l’ﬁz_z ——-(2) M1
18 3 3
Sub (1) into (2):
3k(Bk-1) 3k* _ 7 Ml
18 3 3
Ok* -3k —-18k* +42=0
—9%*-3k+42=0
3k* +k-14=0
Gk+7fk-2)=0 Mi

k=—2—1~ or k=2
3

Sub k=—21 into (1): n=3(—21)
3 3

n=-7 (N.A) .. Reject k= —2%

Sub k=2 into (1): n=3(2)
=6
“n=6,k=2 Al
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cos? x—sin’ x

Level:

Sec 4E

1 1 .
=——cos2x+—sin3x+c

f(zj = —1c052(£)+1sin3(£)+c
6 2 6) 3 6

LHS = -
1+2sinxcosx M1: Factorise
- (cosx —sin x)cos x +sin x)
= = - numerator
sin” x+cos” x+2Simnxcosx
(cosx—sin x)(cosx+ sin x) i
= Y M1: Factorise
(cosx+ sin x)
~ (cos ¥=5in x) denominator
(cosx +sin x)
cosx _ sinx
_ COSX _€OSX
cosx  sinx
COSX COSX Al: Divide by
1-tanx
e cosx
1+tanx
= RHS (shown)
611 | cos’x—sin’x 2
— = —tanx
1+2sinxcosx 3
I-tanx 2tanx
1+ tanx 3
3—3tanx=2tanx+2tan’ x
2tan’ x+5tanx-3=0
(2tanx—1)tanx+3)=0 M1
1
tanx = —
Basic £ =26.565
x=26.565,180+26.565 M1 Find basic
OR angle (both
tan.r = -3 correct)
Basic £ =71.565
x=180-71.565,360-71.565
. x=26.6°108.4°206.6°, 288.4°
: Al
7 | f'(x)=sin2x+cos3x
f(x)= j(sin 2x+ cos3x) dx
M1
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2
__1 Ml
12
1 | 1
x)=——cos2x+—sin3x— —
f( ) 2 3 12
f"(x)=2cos2x~3sin3x M1
f"(x)+9f(x)=2c052x—3sin3x+9(—%c032x+%sin3x—%
. 9 . 3 M1
=2c052x—3sm3x—5cos2x+3sm3x-z
3 5
=—-———cos2x (shown
3 3 ( ) Al
81 y:]()k—n.r
lgy = (k - nx)lgl0
lgy=-—nx+k
_2-(7) M1
1-4
=-3
-n=-3
n=3 Al
At (1,2), 2=(=3)1)+c Mi
c=5
k:5 A]
8" y= 105—3x _____ (])
y=10" - (2)
Sub (1) into (2): 10" =10" M1
x=5-3x
4x=5
x:]l
4
1. )
Sub x=1—mto (2): y=10"*
4 M1
y=17.783
lgy=1g17.783
=1.25
.. Coordinates are (1.25,].25) Al
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Level: Sec4E

y=xn3x
L x(l) +(In3x)1)
dx x M
=1+In3x
At P(1,In3), YD1y In3(1)
dx
=1+In3
At P(1,1n3), y—1In3=(1+In3)x-1) M1
y=(+In3)x-1
When y=0, (1+In3)x=1
.
(1+m3)
x=0.477 M1
Coordinates of Q are (0.477, O)
tan&:ln_:s_i M1
1-0.477
=2.0986
6 =64.5° Al
ou Gradient of normal = — ]
1+In3x
1
C1+In3x Mi
]+ln3x=l
2
lnf’u(:—l
2
R
3x=e? M1
1 1l
x=—e?
3
=0.202 Al
10i | [x+(2x2)]x[y +(1.5%2)]=825 Ml
(x+4)y+3)=825
y+3= Ly
' x+4
- 825 _3 M
T ox+4
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Level:

Sec 4E

10 | dA _ (x+4)825)—(825x)1) "
i) ax (x+4Y M
_ 3300 3
(x + 4)Z
3300
——=3=0
(x+4) MI
(x+4) =1100 Mi
x+4=31100
x=292 or -37.2 (N.A) Al
101 424 -2(3300)
mo o . 4)3
When x=29.2,
d’4 _ -6600
dx*  (29.2+4)
=181 B1: Show
2 d’A
Since - < 0, this value of x gives the poster the largest 7 <0
dx dx
printing area possible.
1 Y (2,12)
4 B1: V-shape graph
(-1,9) B1: Correct x- and
y- intercepts and
end-points labelled
2
> X
2
7
1T 14x-4)=3x
11
2|7x-2|=3x
3
|7X_2l25.\' M
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5—x=2 8§—x=2
4 -~} Mi
11 17
W XSE— 0f XZ2—
11 Al
11 | 1 intersection; Bl
itia | Line parallel to L.H. arm cuts R.H. arm at only one point. B1
11 | O intersection; Bl
iiib | Line parallel to R.H. arm; for intersection, ¢ > -2. Bl
12 | m,p =mgc
y-0_ 6
= e Mi
x-=5 =2
y=-3x+15 ----- §))
1
Mg ==
Moc
y-6_1
x+2 3 Mi
1 2
j=—x+6— ----- 2
y=3 5 (2)
Sub (1) into (2): —3x+]5=%x+6§ Ml
3lx = 8l
3 3
x-?.l
) M1
1. 1
Sub x=2— mto (1): y:—3(2—)+15
2 2
y:7l
2
. 1 1
Coordinates of B are (25, 7—2—) Al
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12 .
i | Midpoint of OC = (9+—(—2) , °—+—6)
2 2

=(_]’ 3)

At (-1, 3), y—3=%(x+])

1 1
=—x+3-
d 3 3

1

Gradient of perpendicular bisector of OC = —(—3)

1
3

M1

Al

12 1110 5 x -2 0

¥ 5'0 0 y 6 0
|5y +6x—(-2y)=30

|7y +6x]=30

Ty +6x =30 ----- (1) or

15

From (3): x=3y-10 -—--- 4)
Sub (4) into (1):

7y +6(3y-10)=30

25y =90

y=3.6

Sub y =3.6 mnto (4):
x=3(3.6)-10

x=0.38

Ty+6x=-30 —-(2)

7y+6(3y—10)=-30
25y =30

y=1.2

Sub y=1.2 into (4):
x=3(1.2)-10
x=-6.4 [N.A]

Possible coordinates of E are (0.8,3.6).

M1

M1

A1l [with rejection]

1 81
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Mathematical Formulae

1. ALGEBRA

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

Binomial Theorem

n __ _n n n-1l n =232 n n-ryr n
(a+b)" =a" + . a" b+ 2 a” b’ +...+| @b +...+b
r

where n is a positive integer and( ) = n = n(n - ]) """" (n T 1) .
r) (n- r)r!

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 4 ttan B

1+ tan Atan B
sin2A4=2sin Acos A

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

tan(4+ B)=

]1-tan® 4
Formulae for AABC
a b e

sin 4 —sinB_sinC
a’> =b? +¢?-2bccos A

A= %bcsinA
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3

Answer all the questions.

Section A (59 marks)

The diagram shows triangles ABC and BCD whose vertices lie on the circumference of a

circle. The chords BD and AC intersect at E and AC is parallel to FG. FG is a tangent to the

circle at B.
D
4 £ 5 C
F B G
Show that
(i) ABCD is similar to ABEC, [2]
(i) BC’=BDxBE, [m
(ili) AABC is anisosceles triangle. [2]

A company buys an engine at a cost of $120 000. The value of the engine decreases with time
so that its value, $V, after r months is given by

V =120 000e™™,
where k is a positive constant. The value of the engine is expected to be $75 000 after 30
months.

(i) Calculate the value, to the nearest $100, of the engine after 20 months. (4]
It is only economical to replace the engine after its value reaches 5 of 1ts original value.

(ii) Determine, with working, whether it is economical to replace the engine after 40

months. (2]

(a)  An equilateral triangle has sides (3 + \/7) cm in length. Find, without using a
calculator, the area of the equilateral triangle. (3]
(b) A cuboid of volume (30+ ]2\/5) cm’ has a base area of (4 - 2\/5) cm?. Find, without

using a calculator, the height of the cuboid. [3]

€3
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(a) Solve the equation log3(2x—1)—1510g3 (x> +2)=log, 5. [5]

(b)  Evaluate log,32xlogg p. [3]

It is given that f(x)= 2x> +ax’ +x+b.

a

()  Find the value of @ and of b for which 2x” + x —1 is a factor of f(x). 4]

(ii)  Solve the equation f(x)=0. [2]
I 3 a, 1 .

(iii) Hence solve Zx +Zx +5x+b:0. [2]

A curve has the equation y =(2x +2)v2x—1.

d kx
(i) Show that A , where k is a constant and state the value of k. [4]
dx  J2x-1
Gy H aluate | E__ [4]
i ence evalua -~
5 242x-1

The diagram below shows an experimental setup where a weighted spring is released from a
stretched position and follows a periodic up-down motion. The length of the spring, / cm,
during the experiment is modelled by the equation, / = acoskt+16, where a, k are constants,

and 1 is the time in seconds after releasing the weight from the lowest position.

20 cm

Highest position

Lowest position

The length of the spring is 20 cm when the weight is at its Jowest position and it takes 2
seconds for the weight to move from the lowest to highest position.

(i) Find the value of a. [1]

i)  Show that the value of k is % 2]
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(i)  Find the length of the spring when the weight is at its highest position. [1]
(iv)  Sketch the graph of /=acoskt +16 for 0<t<4. [2]
v) Find the time interval which the length of the spring will be longer than 18 c¢cm for

0<t<4. 3]

(a)  The equation of a curve is y = x’ +4x” + kx+3, where k is a constant. Find the set of

values of & for which the curve is always an increasing function. [4]
(b) A curve with equation in the form y=ax+ % has a stationary point at (3, 4), where
: x

a and b are constants. Find the value of a and of b. [5]

Section B (41 marks)

Begin this section on a fresh sheet of paper.

The equation 3x” +kx+3=0, where k>0 has roots @ and f. A second equation

3x’ —2x+3=0 hasroots &’ and af3’.

p.

(i) Show that a’ + g = 3 [3]
()  Find the value of k. (3]
(ili)  Form an equation whose roots are o® and f°. [3]

The diagram shows part of the curve y = 2sin(2x + 7) — 1, meeting the x-axis at the points 4

and B.
¥
A
X
B
(i) Find the x-coordinate of 4 and of B. [4]

(i)  Find the total area of the shaded regions. 8 "3 [6]
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6

A particle, travelling in a straight line, passes a fixed point O on the line with a speed of

2 ms”. The acceleration, a ms™, of the particle, ¢ s after passing O, is given by a =—4e™" .

) Show that the particle comes instantaneously to rest when ¢ = —ln% : [4]
(i)  Find the total distance travelled by the particle between 1 =0 and 1 =2 . [6]
(iii)  Find the average velocity of the particle during the first 2 seconds. [1]

A circle, C}, passing through the point 4 (4, 8) has the same centre as another circle C;. The
equation of C, is given by x> + y* —16x-10y+5=0. ‘
(i) Find the equation of C;. [3]

AB is a diameter of C;.
(i)  Find the coordinates of B. [2]
(iii)  Show that the equation of the tangent to C; at Bis 3y =4x—42. [3]

The lowest point on the circle C; is D.
(iv)  Explain why the x-axis is a tangent to the circle at D. [1]

v) Find the equation of another tangent to circle C; passing through the origin. [2]

END OF PAPER
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Additional Mathematics Paper 2 (100 marks)

s

2i V =87700
2ii V =64124.098
It is not economical to replace the engine after 40 months as
the value of the engine has not reached half its original value
of $120000
3
2 Area of equilateral triangle = %(8\/3 +34/21 ) cm’
3b | Height of cuboid=48+27+3 cm
4a x=35 or x=-1 (rej)
4b
log,32xlog, p= ]%
b=-2
a=>5
35
" x=lorx:—-l or x=-2
S1ii x=lorx=-2or x=-4
61 k=6
611 13 3x
el = 26
‘L 2v2x—1
71 a=4
i1 . n
P
7111 Length of string = 12 cm
Ty [/cm
20
I |
S, 1 i —
: : t/s
(0] 2 4
AY

Timeimerval=0$1<§ or 3%<t§4
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k>51
3
8b b=12
8 L 3
a=—
9
a’+p ==
p 3
9ii
k=—ig- (N.A) orﬂ“9
3 3
9iii

Equation: x’ - 2—9—6x +1=0

M x coordinate of 4 = Z—;[ , x coordinate of B = ]lﬂ
1011 Shaded area= 4.38 unit’
111 1
t=-In—
1111 Total distance travelled=1.77m
11iii | Average velocity=-0.271m/s
121 Equation: (x—8)" +(y—5)* =25
12ii | Coordinates of B = (12, 2)
12v

. 8
Equation of tangent: y = 3—(9)— X
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Additional Mathematics Paper 2 (100 marks)

ZBDC = ZCBG (ahermate segment theorem)

ZBCE = ZCBG (alternate angles, AC//FG)

-

4BDC = £BCE Ml
ZCBD = ZEBC (common angle)
Since the corresponding angles of the triangles are equal,
ABCD is similar to ABEC Al
i Since ABCD is similar to ABEC
BC _BE BI
BD BC
BC* =BDx BE
liii ZBDC = ZBCE (from (i)) ZCBG = ZACB (alt £)
£ZBDC = ZBAC (£ insame seg) or ZCBG = ZBAC (alt seg) | M1
£BCE = ZBAC ZACB = Z/BAC Al
AABC is an isosceles triangle. AABC is isosceles.
2i 75000 =120 000e ™" MI
]né =-30k
8
k= _1 In 3 M1
30 8
After 20 months
-2 320y
V =120 OOOe{ - 8} Ml
=87720.53215
= 87700 Al
211 {-,'— InS)MO)
V =120000e * *° ¢ MI
= 64124.098
It is not economical to replace the engine after 40 months as
the value of the engine has not reached half its original value
of $120000 Al
3a Area of equilateral triangle
1 .
=5(3+\/7)281n60 Ml
= l(9 +6J7 +7 ¥ :
2 2 M1
-~ 63 +6421)
=-;-(8\/§+3\/2—])sz Al

186
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3b Height of cuboid
3041243

4-23
3041243 4+243
T 423 41243
12041083 +72
1612
=48+27V3 cm

Level:

Sec 4E

M1

M1

Al

i log3(2x—l)—%]og3 (x* +2)=log,, 5

log,(2x-1)- %]og3 (xX*+2)= %

2log,(2x—1)—log, (x> +2) =1
log,(2x-1)* —log, (x* +2) =1
(2x-1)?
08— ) =
(x*+2)
_1\2
(242 1) _3
(x*+2)
4x’ —4x+1=3x"+6
x!—4x-5=0
(x+D)(x-5)=0
x=5 or x=-1 (rej)

M1

M1

M1

MI
Al

4b log, 32xlog, p

_log, 32 N log, p
log, p log,8
_log, 2’

- log, 2°
5 .2

:—:]——

3 3

MI

M1

Al

51 2x2+x—l=(2x—l)(x+l)
(2x—l) and (x+]) are factors

(i
{3 42 1)

MI
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—+—a+—+b=0

4 4 2

a+4b=-3 ———(1)

f(-1)=0 N

2(=1) +a(-1f +(-1)+b=0 Ml

—2+a-1+b=0

a+b=3 ---(2)

(1)-(2): 3b=-6 M1

b=-2

a=5 Al
Sii f(x)=0

2x* +5x2 +x-2=0

(2x2+x—] x+2)=0 M1

(2x-1fx+1)x+2)=0

x=% orx=—] or x=-2 Al
o1 lx3+£x2+lx+b20

4 4 2

Let x=2

1e ' }; 1 MI

—2y) +=0yy +-(y)+b=0

4( y) +5 y) +( y)+

2y’ +ay’ +y+b

From (11), y=% or y=—lor y=-2

x=lorx=-2or x=-4 Al
61 dy ] . :

—=2x+2)=(2x-1) "(2) [+(2x-1) (2) M1

dx 2

= (2x-1) " {2x+2)+22x 1)) .

=(2x- 1)“: {6x}

_ 6x

A 2x—1 Al

¥ il Al
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* 6i1 13 3
L =[(2x+2)\/2x—1£ Mi
13 1 3
—~ :—(2x+2) 2x -1 Mi
I o= s 22r]
13 3x ]
=& (28)V25 - (129 Mi
L 2 2x— [ } Al
=26
T 20=acosk(0)+16
a=4 Bl
7
1 2_7r=4 Ml
k
/1
k=5 Al
7iii Length of string=20-8 =12 cm Bl
Tiv mw B1 — correct shape
\ B1 — correct values
20’
) \ /
: : t/s
(0] 2 4
Tv
4cos£t+]6=]8
2
T 1
coS—1=—
2
Basic angle = cos'll
sic angle 5 M1
2 3 3
Y Al
373
L 2 1 Al
Time mterval=0$t<g or 3—<t<4
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8a

aﬁ(a’ +ﬂ2):§
](az +ﬂ2): %

2
ad+p ==
P 3

d_ .MV' = e &
a—3x +8x+k M1
For curve to be always increasing, % always > 0 Ml
b’ —4ac<0
64-4(3)(k)<0 Ml
1
k>5=
3 Al
8b dy  2b
& e Ml
dy
Atstat. pt. —=0
dx
2b
a—?=0
Sub x=3, y=4
2b
@y T Ml
2b
a=— ---(1
> (M
Sub x =3, y =4 to equation of curve
b
4=a(3)+—
) 3? M1
36=27a+b ---(2)
Sub (1) to (2):
36=2b+b M1
b=12
248
27 9 #l
9 aff =1
5 3 2 M1 — either one
a prap ‘g correct

M1

Al
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91 (a+B) =a’+p* +2ap
=2.42(0) M1
3
_38
3
8
(a+ﬁ)1=§ M1
_nle 26
3
_k_26  2J6
2 3 3
k=—i/§- (N.A.) or 1[6— Al
3 3
i SOR=a*+p
=(a+,3)(a2—a,8+,87)
_(_2de 3_1)
3 3 Mi
_2J6
9
POR.=a’p’
=(ap)
=(1) =1
., 246
Equation: x° — x+1=0
Al
101 2sin(2x+7)-1=0 M1l
1
sin(2x+ ) =—
( ) 5
a:sin-llzz M]
2 6
Vg Vg T
Ix+m=—, m-—, —+2n, T——+21
TS T 6 6 MI
St _x Tr hx
12 127 127 12
. n . 11z
x coordinate of 4 = 72— , x coordinate of B = —— Al
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Shaded area |

1%

VL4
- jon 2sin(2x+ 7)1 dx+ [2 2sin(2x + 7)1 dx
12
7 x
=-[-cos@x+7) - x]t}z + [— cos(2x+ ) — x];,f
12

Level:

Sec 4E

M2 — 1 for limits, 1
for expressions

M1 —int. sin -> cos
M1 — times 1/2

=—[-2.69862-1]+ [ 2.01377- (-2.69862)] M1
=438 unit® Al
115 v=j—4e" dt
=4e" +c¢ M1
Whent=0,v=2
2=4¢"+c
— M1
v=4e" -2
At instantaneous rest, v =0
4e™' -2=0 Mi
o
e =—
2
t= —lnl Al
2
i 5= [4e™-24r
s=—4e =2t+c M2
Whent=0,5=0
0=-4¢"-2(0)+c M1
c=4
s=—4e”"' -2t+4
Distance travelled before instantaneous rest
) f
—_ 2) ol _yn L
=—4e 2( In 2) +4 M
=0.61371
Distance from instantaneous rest to 2s
_ -(
=0.61371— (- 4e™® -2(2)+4) -
=0.61371-(-0.54134)
=1.15505
Total distance travelled
=0.61371+1.15505=1.77m Al
1111 | Average velocity
Bl

- ﬂ]}ﬁ =-0271m/s
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Centre of C; =Centre of C; = (8, 5)
Radius of C;=+/(8—4)> +(5-8)* =5 M
Equation: (x-8)% +(y-5)* =25 Al
12ii | Coordinates of B = (8+4,5-3) Mi
=(12,2) Al
121 -
n Gradient of normal at B= S5=2 = 3 Mi
8-12 4
Gradient of tangent =§
Equation:
y—2=§(x-12) Ml
4
y= 5 x—14 Al
3y =4x—42 (shown)
12iv | Centre is at (8, 5) and radius is 5
The lowest point D is at (8, O) and the circle touches x-axis at
D. Thus x-axis is a tangent to the circle at D Bl
12
Y tand = >
o _ 1)
tan26 = tan2 = ; MI
l—tan” @ 1 (5)
8
_ 50
39
Equation of tangent: y = 8—(9)x Al
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