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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equationax® +bx+c¢ =0,

_ bz Jb? —4ac

2a

X

Binomial Theorem

(a+b)" =a" +G‘)a"‘1b+(gja“‘2bz +...+[nja”"br +...4+b",

r

j: n! n(n=1)...(n=r+1)

>

where n is a positive integer and (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 ¥sin AsinB
tan AttanB
l¥tan AtanB

sin2A =2sin Acos A
cos2A=cos® A—sin®* A=2cos* A—1=1-2sin’* A
2tan A

1-tan® A

tan(A£B) =

tan2A=

Formulae for AABC
a b c

sinAzsinB =sinC

a’? =b*>+c?—2bccos A

A:lbc sin A
2
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1 EXxpress

3 2
3 +X23X+ ;4)( ! in partial fractions. [4]

2 Acylinder has a radius of (1+2+/2) cmand its volume is  7(84 + 2132) cmd.

Find, without using a calculator, the exact length of the height of the cylinder in the form
(a+ b«/ﬁ) cm, where a and b are integers.

[5]
3 (i) Sketchthe graph of y=4—-3sin2xfor 0<x<r. [3]
(if) State the range of values of k for which 4 —-3sin2x =k hastworootsfor 0<x<xz. [2]

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

PQRS is a parallelogram in which the coordinates of the points P and R are (-5, 8) and

(6, —2) respectively. Given that PQ is perpendicular to the line y = —%x+3 and QR is parallel
to the x axis, find

(i) the coordinates of Q and of S,

[5]
(if) the area of PQRS. [2]
. : : Inx .
5 (i) Differentiate ~ with respect to x. [3]
N . In x?
(i) Hence find [———dx. [4]
X
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6 (i) Showthat;zsinze. [3]
tan @ + cot @

(if) Hence find the value of p, giving your answer in terms of r, for which

J'p—4 dx:i,where0< p<’ [4]
0 tan 2x + cot 2x 4 4
Q
7
Y
P
80 cm
X
35¢cm
H 0 ]
A B C
In the diagram XBY is a structure consisting of a beam XB of length 35 cm attached at B to another
beam BY of length 80 cm so that angle XBY =90°. Small rings at X and Y enable X to move along
the vertical wire AP and Y to move along the vertical wire CQ. There is another ring at B that
allows B to move along the horizontal line AC. Angle ABX =@ and @can vary.
(i) Show that AC = (35cos& +80sind) cm. [2]
(if) Express AC in the form of Rsin(6+«), where R>0and 0° < a <90°. [4]
(iii) Tom claims that the length of AC is 89cm. Without measuring, Mary said that this was not
possible. Explain how Mary came to this conclusion. [1]
8 (a) Find the range of values of p for which px® +4x+ p > 3 for all real values of x. [5]

(b) Find the range of values of k for which the line 5y =k —x does not intersect the curve
5x? +5xy+4=0. [5]
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9  The diagram shows part of the graph of y=4—|x+1] .
(i) Find the coordinates of the points A, B, C and D.

(if) Find the number of solutions of the equation 4—|x +]4 = mx+ 3when

(@ m=2 (b) m=-1

[5]

[2]

(iif) State the range of values of m for which the equation 4 —|x +1| = mx+3 has two solutions. [1]

y
A

v

10 The diagram shows a cone of radius r cm and height h cm. It is given that the volume of the cone

is 107 cm®. 0

zAlr® +900

r

(i) Show that the curved surface area, A cm?, of the cone, is A=

(if) Given that r can vary, find the value of r for which A has a stationary value.

(iii) Determine whether this value of A is a maximum or a minimum.

11 The equation of acurveis y = x(2—- x)3.

(i) Find the range of values of x for which y is an increasing function.
(i) Find the coordinates of the stationary points of the curve.

3

(iii) Hence, sketch the graph of y =x(2—x)
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Answers

Paper 1

1. 3+3-1_°
X X x+1

2. (12-3v2 )cm

3()

pr 3 S AL T S A I s A A S

’
(i) 1<k<4dord<k<7
4 (i) Q(-10, —2), S(11, 8) (i) 160 units®
5 () Lonx (i) 2(—1—'”—’()%
X X X
.y T
6 (i) o

7 (i) 5/305sin(@ +23.6°) cm or 87.3sin(@+23.6°) cm

(iii) The maximum value of AC=87.3cm <89 cm

8 (@ p>4 () -8<k<8
9 () A(50), B(-14), C(3,0),D(03) (i))(a) 1 (b)infinite (iii) 2
10 (i) 2.77 (i) minimum /i’zj
1 127 13216
11 (i) X<2 (i) (2,0) (EE) (iii) :
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equationax® +bx+c¢ =0,

_ bz Jb? —4ac

2a

X

Binomial Theorem

(a+b)n =a" +(f]a“b+(;ja“b2 +...+(nja”rbr +...+b",

r

j: n! n(n=1).....(n-r+1)

>

where n is a positive integer and (
r

2. TRIGONOMETRY

Identities

sin® A+cos® A=1.
sec’ A=1+tan® A.
cosec’A=1+cot? A.
sin (A+ B) =sin AcosB + cos Asin B
cos(A+ B) =cos Acos B ¥sin AsinB
tan At tanB
1+ tan AtanB
sin2A = 2sin Acos A
c0s2A =cos® A—sin® A=2cos’* A—1=1-2sin” A
2tan A
1-tan® A

tan(A+B) =

tan2A =

Formulae for AABC
a b C

sinA:sinB :sinC

a’> =b® +¢? —2bc cos A

A:EbcsinA
2
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3 +2x* +4x -1

X% + x?

Express in partial fractions. [4]

3
x3 4 x? ) 3x3 +2x% +4x—-1
3x3 + 3x2
—x“+4x -1

3x3 + 2x° +4x—1_3 L TRl
2 + X3 - x2(x+1)

—x?4+4x—-1 A B c M1V
x2(x + 1) AT
—x?+4x —1=Ax(x+ 1)+ B(x + 1) + cx? M1y

Let x=—1 —-1-4-1=c¢ M1V
c=-—6

Let x=0 B=-1

—x?+4x—1=Ax(x+1) —1(x + 1) — 6x?
Letx=1 —-144—-1=24A-2-6

A=5
2 +Ax-1_ . 5 1 6 (4] Al
2 + X3 - x  x2  x+1
If
C+2x° +4x-1_a B
° N =7 x—2+m Max 3m
3 2
. 3X° +2X +4X—1:3+Ax+B+L 3m
X2+X3 x2 x+1
, X+ +Ax-1_axem | 2m
X2+X3 - x2 x+1

CHIJ SNGS Preliminary Examinations 2018 - Additional Mathematics 4047/01
[Turn over



2 Acylinder has a radius of (1+ 2\/5) cmand itsvolumeis (84 + 21\/5) cm?,

Find, without using a calculator, the exact length of the height of the cylinder in the form

(a+ b\/E) cm, where a and b are integers.

2 (84 +21VZ) = n(1+2vZ) x h
,_ Ba+21V2
(1+2v2)°
_ 84+21V2
C1+4V2+38

(84 + 21V2)(4V2 — 9)
h =
(42 +9)(4V2 - 9)
= 756 — 3362 + 1892 — 168
B 81— 32

. 588 — 1472
- 49
h=(12-3v2 )cm

[5]

Bl

M1

M1V

M1V

Al

surd

Im

expansion

Conjugate

For either
expansion

No unit,
overall -

3 (i) Sketch the graph of y=4-3sin2xfor 0<x<r.
(if) State the range of values of k for which 4 —3sin2x =k has two roots for 0 < x<r.
3 (a) e sine
o Bl any shape
e -ve sine
EEEREEEEEEEEEEEEEEREREN! one pt shape
? B1 e 1 cycle
2nd pt o ,eAmletud
The2 » shift+4
1 pts up
! must be | jgnoring
! differer | no
| nt labelling
r nature | of axes
T T l B1
R A perfect
e
[3]
3(h)  l<k<4ord<k<7 2] gi*
Alternative [5]
l<k<7, k=4 Si *
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4 Solutions to this question by accurate drawing will not be accepted.

PQRS is a parallelogram in which the coordinates of the points P and R are (-5, 8) and

(6, —2) respectively. Given that PQ is perpendicular to the line y=—%x+3 and QR is parallel

to the x axis, find

(i) the coordinates of Q and of S, [5]
(ii) the area of PQRS. [2]
1(i) Since QR parallel to the x axis, y, =-2. Bl
Since PQ is perpendicular to the line y = —%x +3,
gradient of PQ = 2 B1 (L
gradient)
(=2-©) _, M1
Xq —(=5)
-10=2x, +10
X =-10
Q(-10, -2) Al
Midpoint of PR = Midpoint of QS or by inspection
(-5)+(6) (8)+(-2) _ (-10)+x,  (-2)+Y,
2 ’ 2 2 ' 2
1=-10+X 6=-2+Y,
X, =11 y, =8
S(11, 8) [5] |B1
(i)  Areaof PQRS
_1}-5 -10 6 11 -5
2/8 2 -2 8 8
= %|(10+ 20+ 48 +88) — (—80—12— 22— 40)| or (5+11)(8+2) VMl
1
=320 [2]
=160 units® [7]1 | Al nounit
overall
-Im
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5 (i) Differentiate

(i) Hence find j

In

2
X
5 dx.
X

Inx .
—— with respect to x.
X

[3]

[4]

() 1 Bl | Either vZ oruZ with
X| = |=Inx dx dx
d(Inx) \x the use of quotient rule
dx\ x ) X2 /product rule
+B1 | perfect
_ 1- I2n X Al
X
[3]
(i) 1-Inx In x M1 | Integration is the reverse
_[ 2 dx = x process of differentiation
In x
Makin dx the
J.izd —fm—zxdx=m—x M1 o | v
X X X subject or split the
_[X_z dx—ln—x _ m—2de expression
X X
-1
X——In—X: m—2de B1 | Integration of x~2
-1 X X
[InX g _1_Inx
X X X
In x? In x
o=
_ 2(_1_m_x) e AL 1 With ¢
X X
[4]
[7]
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6

(i) Show that ——
tan @ +cot @

=Sin 24.

[3]

(if) Hence find the value of p, giving your answer in terms of rt, for which

dx=l,where0< p<% :

J’p 4
0 tan 2x + cot 2x 4

[4]

(i) 2 B ;(sine cose] Bl change to sin and cos
tand+cotd ~ \cosd sing
. sin? @ + cos’ 0 M1 combine terms
| cos@sind
et
TS ~rcdcing for identity ...to the end.
=sin 20
_ [3]
(i) J-p 4 dx
0 tan 2x +cot 2x
p . B1
=2_[ sin4xdx
0
p
= 2[— cos4x} M1 integrate their sinkx
4 0
1 1 L. .
= _§C°S4p - ‘ECOSO M1 for substitution in their
L L integral
=——C0S4p+—
2 2
Ip;dle
0 tan 2x + cot 2x 4
1 1 1
—=cosdp+===
2 2 4
—lcos4p=—1
2 4
1
cosdp==
P 2
T
4p==
P 3
_ Al
P 12
[4]
[7]
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Y
P
80 cm
X
35¢cm
n % ]
A B C

In the diagram XBY is a structure consisting of a beam XB of length 35 cm attached at B to another
beam BY of length 80 cm so that angle XBY =90°. Small rings at X and Y enable X to move along the
vertical wire AP and Y to move along the vertical wire CQ. There is another ring at B that allows B to
move along the horizontal line AC. Angle ABX =6 and & can vary.

(1) Show that AC = (35cosé+80sind) cm. [2]
(i)  Express AC in the form of Rsin(¢+ ), where R >0 and 0° < a <90°. [4]

(iii) Tom claims that the length of AC is 89cm. Without measuring, Mary said that this was not
possible. Explain how Mary came to this conclusion. [1]

CHIJ SNGS Preliminary Examinations 2018 - Additional Mathematics 4047/01
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7() | AB=35c0s0 Q B1 either AB or BC
ZYBC =90° -4
Z/BYC =6
BC =80sin@
AC = (35co0s 8 +80sin &) cm} Y Ip1
P [2]
80
X -1m overall for no
5cm unit
ml a ]
A B C
7 (i) | Rsin(@+a)=Rsindcosa + Rcosfsina
AC =35co0s +80sin &
Rsina =35 B1
Rcosa =80
R? cos® @ + R? sin? o = 807 + 35?
M1 for R
R =+/80° + 357
R? = 7625
R=87.3 or 5305
Rsina 35
Rcosa 80 35
tana:§ M1  for tana:%
80
a =236
AC =35co0s @ +80sin & Al
35c0sd +80sind = 5\/3755in(49 +23.6°) cm
or 87.3sin(@ +23.6°) cm [4]
7 (iii) | The maximum value of AC=87.3cm
Therefore it is not possible for the length to be more than DB1
that.
Alternative
5305 sin(6 + 23.6°) = 89
. \ 89
sin(6 + 23.6%) 57305
No Solution
Therefore it is not possible for the length to be more than DB1
that. [1]
[7]
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10

8 (@) Find the range of values of p for which px* +4x+ p > 3 for all real values of x. [5]
(b) Find the range of values of k for which the line 5y =k — x does not intersect the curve
5x* +5xy +4=0. [5]

(@) | px®+4x+ p >3 forall real values of x
px® +4x+ p—3> 0 for all real values of x,
D<0 4 —4(p)(p-3)<0 M1 D<0 with substitution
M1 For b% — 4ac
16— 4p? +12p<0
4p*-12p-16>0
p?—3p—4>0
p-HpP+1)>0 M1 For factorisation
p<-1, p>4 DA1+DA1 | Upon correct
NA factorisation
Asp>0 Ignore”and” and no
p>0
[5]
(b) | By=k—x
5x* +5xy +4=0
5x2 + 5x (";x) + 5(k—5y)?+5(k —-5y)y+4 | Ml For substitution
5 -0
4=0
5x%2 +kx —x?+4 5k? — 50ky + 125y? + 5ky —
=0 25y2 +4 =0
42 +kx+4=0 100y? — 45ky + 5k +4 =0
k? —4(4)(4) <0 (—45k)? — 400(5k2 +4) <0 | M1 D<0 with substitution
+M1V For b? — 4ac
2025k? — 2000k? — 1600 < 0
k2 —-64<0
(k—8)(k+8) <0 M1 factorisation
—-8< k<8 DAl Upon correct
[5] factorisation
[10]
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11

9  The diagram shows part of the graph of y=4—|x+1] .

(i) Find the coordinates of the points A, B, C and D.

(i) Find the number of solutions of the equation 4 —|x+1] = mx+3when

(@ m=2 (b) m=-1

[5]

[2]

(iii) State the range of values of m for which the equation 4—|x +]J =mx+3 has two solutions.

y
A
B
D
A C -
O T X
(i) | B(-1,4),D(0,3) Al+Al
4—|x+1=0
lx +1] =4
x+1==4 B1
x+1=4 or x+1=-4
x=3 or x=-5
A(-5,0) C(3,0) [5] | Al +Al
(i) | 4—|x+1=mx+3
(@ | When m =2, the number of solutions is 1 Al
(b) | When m=- 1, the number of solutions is infinite Al
[2]
(iii) | When —1 < m < 1, the number of solutions is 2 Al
[1]
[8]

CHIJ SNGS Preliminary Examinations 2018 - Additional Mathematics 4047/01
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12

10 The diagram shows a cone of radius r cm and height h cm. It is given that the volume of the cone

is 107 cm®. 0

z~r® +900

(i) Show that the curved surface area, A cm?, of the cone, is A= —————. [3]
r

(if) Given that r can vary, find the value of r for which A has a stationary value. [4]

(iii) Determine whether this value of A is a maximum or a minimum. [2]

CHIJ SNGS Preliminary Examinations 2018 - Additional Mathematics 4047/01
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13

10(i)

Volume = %ﬂ'l’zh =107

30
h="7 B1
1 =r? +h?
3 2
(%)
» . 900 M1
| =,[r +—

A=rxrl=nxr /r +—
’(r6+900)
A =nr
>_

_mr (r6 +900)
2 Al
2 -
/(% + 900) If put cm® -1m
= _ over all
T
. [3]
(i) | uw=nVre+900 V=T
u_ 1 6 - 5 w _
?ir—Zan(r +900) z X 61 dr—l
u 1
i 3nr>(r® +900)72
Bl Either u— or vj—u
1 1
dA  3mrS(r® +900)"2 — n(r® + 900)z With the use of
— = quotient rule or
dr r? product rule
B1 Perfect
1 M1 A .
When % = o m(ré+900) 2[3r°—r°-900] _ 0 pr —_O Wlth
dr r? substitution
n[3r® —r®—900]
— =
r2 (r® +900)2
2r®—900 =0
r® = 450 With cm -1m
overall
r =277 [4] | Al

CHIJ SNGS Preliminary Examinations 2018 - Additional Mathematics 4047/01
[Turn over



14

(iii)
r r<2.768 | r=2.768 r>2.768
3_':\ - 0 + M1 For subst with + r
Sketch \ — / dA
Upon correct —
A'is a minimum whenr =2.77 DAl P dr
[2]
[9]
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15

11  Theequation of acurveis y = x(2- x)3.

(i) Find the range of values of x for which y is an increasing function. [5]
(if) Find the coordinates of the stationary points of the curve. [3]
(iii) Hence, sketch the graph of y = x(2 - x)s. [3]
=x(2-x)’
z ( ) Either
du dv
oA =(2_X)3 (1)_3)((2_)()2 Note: should not see this Bl Vix oruaand
X +B1 the use of product
=(2—X)2[2—X—3X] 2—-x>0 rule
2 —X>=-2 Perfect
=(2—-x)"(2-4x) Al
dy X<2
when—= >0, 2—-4x>0 .
dx g g No [A1] M1 for j—y >0 with
—4x > -2 X
substitution
1 Al
X<=
2
[5] .
M1
when=Y =0, (2-x)’ (2-4x)=0 o
dx L dx
i with substitution
X =2, X=—
2
3 1 1Y
=2(2-2 ==|2-=
y=2(2-2)" vy 2( 2)
0 _z
16 If
127 Al+Al | 2—x)(2 -
Ans (2,0) (2'16) i) =0
[3] don’t penalise]
(1 27\ B1V their max pt
P 1 27
2\ 2 16 ikl
J B1V (2 ' 16)
) (2,0) their pt of
: x B1 inflexion
(0,0)
-2 -1m for less than
perfect
[3]
[11]
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax® +bx+c¢ =0,

_ bz Jb? —4ac

2a

X

Binomial Theorem

nt _n(n-1)....(n-r+l)
(n—r)tr! r!

n
where n is a positive integer and [ j =
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 ¥sin AsinB

tan At+tanB
l1xtan AtanB

sin2A = 2sin Acos A

tan(A£B) =

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

2tan A

tan2A= ————
1-tan® A

Formulae for AABC

a b ¢
sinA sinB sinC

a? =b?+c® —2bc cos A

A:EbcsinA
2
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[

(i) On the same axes sketch the curves y* =64x and y=—-x’. [2]

(if) Find the equation of the line passing through the points of intersection of the two curves. [4]

The roots of the equation x* +2x+ p =0, where p is a constant, are azand 2.
The roots of the equation x* + gx+27 =0, where q is a constant, are «* and £° .

Find the value of p and of g. [6]
(@) Giventhat 32* x52* = 27* + 5" | evaluate the exact value of 15*. [3]
(b) Giventhat log, y =64log, x , expressy in terms of x. [4]

2
(1) Write down, and simplify, the first three terms in the expansion of (1—)(?)n ,in ascending

powers of x, where n is a positive integer greater than 2. [2]

2
(if) The first three terms in the expansion, in ascending powers of x, of (2 +3x2)(1—x7)n are

2 — px 2+ 2x* where p is an integer. Find the value of n and of p. [5]

In the figure, XYZ is a straight line that is tangent to the circle at X.
XQ bisects ZRXZ and cuts the circle at S. RS produced meets XZ at Y and ZR = XR.
Prove that

(a) SR =SX, [3]
(b) acircle can be drawn passing through Z, Y, Sand Q. [4]
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6

The expression 3x® +ax® +bx+4 , where a and b are constants, has a factor of x — 2 and leaves a
remainder of —9 when divided by x + 1.

(i)
(ii)

(@)

(b)

Find the value of a and of b. [4]
Using the values of a and b found in part (i), solve the equation 3x* +ax® +bx+4=0,
+
expressing non-integer roots in the form ¢ _3\/d_ , Where ¢ and d are integers. [4]
Prove that secd+1= tandsin9 : [4]
1-cosé
Hence or otherwise, solve tandsin9 = §sec2 0 for 0<6<2r. [4]
1-cosd 4

The temperature, A °C, of an object decreases with time, t hours. It is known that A and t can be

modelled by the equation A= Aje

~, where A, and k are constants.

Measured values of A and t are given in the table below.

()
(i)
(iii)

t (hours) 2 4 6 8
A (°C) 49.1 40.2 32.9 26.9

Plot In A against t for the given data and draw a straight line graph. [2]
Use your graph to estimate the value of A, and of k. [4]

Assuming that the model is still appropriate, estimate the number of hours for the temperature
of the object to be halved. [2]

2
9 The curve y = f(x) passes through the point (0,3) and is such that f '(x) = (e* + ix) .
e

(i)
(i)

Find the equation of the curve. [4]
Find the value of x for which f "(x) = 3. [4]
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10 Acircle has the equation x* +y* +4x+6y—12=0.
(i) Find the coordinates of the centre of the circle and the radius of the circle. [3]
The highest point of the circle is A.
(if) State the equation of the tangent to the circle at A. [1]
(iii) Determine whether the point (0, —7) lies within the circle. [2]
The equation of a chord of the circle is y =7x-14.

(iv) Find the length of the chord. [5]

11

> <

y=x"—Tx+12
B

N

The diagram shows part of the curve of y = x* —7x+12 passing through the point B and meeting
the x-axis at the point A.

(i) Find the gradient of the curve at A. [4]
The normal to the curve at A intersects the curve at B.

(if)  Find the coordinates of B. [4]
The line BC is perpendicular to the x-axis.

(ili) Find the area of the shaded region. [4]

12 A particle P moves in a straight line, so that, t seconds after passing through a fixed point O, its

velocity, vm s?, is given by v =cost —sin2t, where 0 <t < % Find

(i) interms of &, the values of t, when P is at instantaneous rest, [5]
(if) the distance travelled by P fromt=0tot= % [6]
(iii) an expression for the acceleration of P in terms of t. [1]
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X

(i) y = —4x

@2  (Oy=x* y=x7°
(i) n=8, p=5

(i) x=2, x="7

(i) 693

(ii) %mz

(i)  The distance of the point from the centre of the cicle =20 <+/25 radius of

(ii) B(5,2)

(iii) 1squnit.

(iii) —sint —2cos 2t

Answers
1 () y
/ y* = 64x
ﬁ:k
y==x

2 p=3,q=-10

. x? n(n-1)
4 @) 1-n(H)+ EExtte
6 (i a=-8,b=2

St

7 by Z2Z

(b) 33
8 (i) A =597, k=01

. 1 1
9 [ =™ +2x—=e > +3

0 y=3 >
10 (i) Centre = (-2, —3), Radius =5 units (ii) y=2

the circle, so the point lies within the circle.

(iv) 542 units
11 0] -1

. T T
12 i -, =

(i) >

(ii) %m
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Formulae
1. ALGEBRA

Quadratic Equation

For the equationax® +bx+c =0,

_ b+ \Jb? —4ac

2a

X

Binomial Theorem

n n _ n _ n B
(a+b) =a" +(1]a” 1b+(2ja” p? +...+[rja” B +...+Db",

: L n n! n(n-1)....(n—r+1)
where n is a positive integer and = =
r) (n-r)ir! rl

2. TRIGONOMETRY
Identities

sin” A+cos’ A=1.
sec’ A=1+tan’ A.
cosec’A=1+cot’ A,
sin (A+ B) =sin AcosB £ cos Asin B
cos(A+ B) =cos Acos B Fsin Asin B

tan A+ tanB
1¥tan Atan B

sin2A =2sin Acos A

tan(A+B) =

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

2tan A

tan2A = —_—
1-tan” A

Formulae for AABC

a b ¢
sinA sinB sinC

a® =b%*+c?—-2bccos A

AzlbcsinA
2
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(i) On the same axes sketch the curves y* =64x and y =—x°.

[2]

(if) Find the equation of the line passing through the points of intersection of the two curves. [4]

[2]

(i)
y
Bl +B1
¥’ =64x -1 mark if no label
0 X
y=-x
(i) | y? =64x------- (1)

y ==X - (2)
Sub (2) into (1), Solving Simultaneous
(—x?)? = 64x M1 Equations
x* = 64x
x* —64x=0
X(x* —64) =0
x=0 or x*-64=0
y=0 X =64 B1+B1 | Either 1 pairs of x

B values or y values. [ or

X= 1m for each pair of x
y=-16 and y values ]
-16-0
m=
4-0
=-4
y = —4x (4] DAl Must have (-4,16)
(6]
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The roots of the equation x* +2x+ p =0, where p is a constant, are ccand f.

The roots of the equation x* +gx + 27 =0, where q is a constant, are a® and 5.

Find the value of p and of q.

[6]

X +2x+p=0
a+pf=-2

p=3

(a+pB)(a?—aBf +B?) =—q or(a+p)2—3a?p +3B%a=—q
(@+P)[(@+p)?—2af —af] =—qor(a+p)°-3af(a+p)=—q

or (=2)°=3p(=2)=—q

(=2)[4-9]=—¢q

X*+0x+27=0
a’+ B3 =—q
ad3p3 =27
af =3

q=-10

[6]

Bl

Bl

Al

Bl

M1y

Al

For both sum of
roots or

first pair of sum
& product of
roots.

For both
product of roots
or 2" pair of
product and
sum of roots

For a® + B3
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3 (a) Giventhat 3% x5 =27 +5"  evaluate the exact value of 15", [3]
(b) Given that log, y =64log, x , expressy in terms of x. [4]
(a) 32x—2 % 5—2)( — 27X +5><+1

Method (i)

32x—2 X 5—2x — 33x X 5—1—x

32x—2 5—1—x

33x  g-2x

32x-2-3x — g-1-x+2x M1 applying index Law
correctly on either LHS
or RHS

3—x—2 — 5x—1

37 x 372 =5% x 571

3¥x 5% =5"1+372 M1V grouping and making
power of x on one side

Method (ii)

32% x 372 x 572¢ =33 x 57¥ x 571 M1 Applying index law

3¥x5%¥=5"1+3"72 M1+ grouping and making
power of x on one side

15% =2 3] | Al

(b) log, y = 64log, x
log.v = 64log,x Bl change of base
ng - lngy

(logxy)? = 64 M1V

log,y = £8

y = x8 , Y= x_8 [4] Al+Al

[7]
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2

[2]

[5]

4 (i) Write down, and simplify, the first three terms in the expansion of (1—%)” ,in ascending
powers of x, where n is a positive integer greater than 2.
2
(if) The first three terms in the expansion, in ascending powers of x, of (2+3x2)(1—x?)" are
2 — px 2+ 2x* where p is an integer. Find the value of n and of p.
(1 x2\" x? o (x* M1
<1—7> = 1—n<7>+ C2<Z>+ .........
x2\™ x2 n(n—1) \ Bl Or any two
1-——=) =1-n|= |+ —x"+-....... terms 1m,
2 2 8
perfect 2m
[2]
(ii) 2 NG nx?  n(n-1)
(2+3x )(1—?)”= 2+3xH)A-—+——=x"+.)
=2 a2+ 20Dy 3p2 e
4 2
n? —7n
=2—(n—3)x2+< Z >x4+
=2—px?+2x*+ - ...
-7 _, M1V
=
n2-—7n—-8=0
n-8)n+1)=0 M1+ | factorisation
n = 8,n=—-1(NA) DA1 | Upon correct
factorisation
—-8+3=-p
p=>5 Al [5]
[7]
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In the figure, XYZ is a straight line that is tangent to the circle at X.

XQ bisects ZRXZ and cuts the circle at S. RS produced meets XZ at Y and ZR = XR.

Prove that
(@) SR =SX,
(b) acircle can be drawn passing through Z, Y, S and Q.

(@ | ZZXQ =ZSRX  (Alternate Segment Theorem) Bl
ZZXQ = ZQXR  (XQ is the angle bisector of Z/RXZ) Bl
ZQXR = ZSRX
By base angles of isosceles triangles, SR=SX } [3] B1

() | Let ZQXR be x

B1
ZRSX =180" -2x  (Isosceles Triangle) B1
ZYSQ =180" —2x  (Vertically Opposite Angles)
/RZX = ZZXR = 2x (Base angles of Isosceles Triangle) Bl
/ZRZX + 2YSQ =180° — 2x + 2x =180°
Since opposite angles are supplementary in cyclic quadrilaterals, Bl
a circle that passes through Z, Y, S and Q can be drawn
Alternative [4]
Similar but use of tangent secant theorem. [7]
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6

The expression 3x° +ax” +bx+4 , where a and b are constants, has a factor of x — 2 and leaves

a remainder of —9 when divided by x + 1.

(i) Find the value of a and of b.

(ii) Using the values of a and b found in part (i), solve the equation 3x° +ax* +bx+4=0,

expressing non-integer roots in the form ¢ i3\/a , Where ¢ and d are integers.
(M | f) =3¢ +ax® +bx+4
x-2is a factor f2)=0
38)+4a+2b+4=0 M1
4a+2b+28=0
2a+ b+ 14 = 0-----——-- (1)
f(-1) =-9
—34+a—-b+4=-9 M1
a—b=—10------ )
1+2) 3a=-24
a=-8 Al
Subinto(2) —-8—-b=-10
b=2 [4] | Al
(i)
3x2 —2x—2
x—2 3x3 —8x%+2x + 4
3x3 — 6x2
—2x°% + 2x
—2x% + 4x
—2x+4
—2x+4
3x3 —8x?2+2x+4=0
(x—2)(3x2—-2x-2)=0 B1
x—2=0 3x2-2x—2=0
= 2E/C2PaxEx2 M1V
2X3
2+v28
X = 6
2(1+V7)
T e
I x=1i3\/7 [4] | AL+AL
[8]
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7 (a) Provethat secd+1= w. [4]
1-cosé
(b) Hence or otherwise, solve tanosin& = Esec2 0 for 0<0<2r. [4]
1-cosé
(a) RHS = & fsin @
1-cosé@
SN0 ring
_Ccosf B1 change tan
1-cosé
sin® @
__Cosd
1-cosé
1-cos® 6 B1 change sin?
~ (1-cos#)cos b to cos?
_ (1-cosf)(1+cos ) identity
(1—cosd)cosd Bl 2% —b?
_1+cos@
cosd
= 1 +1
coso split and
— Bl
=secd+1 bring to
[4] answer
(b) | tangsing 3 _,
——=-—sec” ¢
1-cosfé 4
1+sech = §sec2 0 B1 substitution
4
3sec’ @ —4sechd-4=0 o
(secd—2)(3secd+2) =0 M1 factorization
secd=2 or secld= —%
1 1st DAL for
c0s 6 = 5 o change to
T 51 3 Cos & no
0=—,—  cosd =—— (No Solution) DAL+ soln
3 3 2 DAL
=1.05,5.24 Upon
[4] correct
(8] factorisation
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10

8 The temperature, A °C, of an object decreases with time, t hours. It is known that A and t can be

modelled by the equation A= Ae™, where A and k are constants.

Measured values of A and t are given in the table below.

t (hours)

2

4

6

8

A (°C)

49.1

40.2

32.9

26.9

(i) Plot In A against t for the given data and draw a straight line graph. [2]
(if) Use your graph to estimate the value of A, and of k. [4]
(iii) Assuming that the model is still appropriate, estimate the number of hours for the temperature

of the object to be halved. [2]
8 Q) B1 for correct points, values & correct axes.
B1 best fit line . [2]
t 2 4 6 8
In A 3.89 3.69 3.49 3.29
(i) | A=Ae™
InA=-kt+InA,
—k = gradient
ke 3.39-3.99 M1 gradient
7-1
k =0.1+0.02 Al
In A, =4.09 M1 vertical
intercept
Ab — e4.09
A, =59.7 (3s.f.) +4 [4] | Al
(i) %Ab ~20865  Or 24, =Age ™
1 on VM1
INn29.865=3.396 OR —=¢
From the graph, t = 6.9 t=6.93 (3s.f.) Al +05
[2]
[8]
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4.0

11

3.9

3.8 1

3.7 7

3.6

35

3.3

___________________ (7.3.39)

3.2

3.17

3.0

CHIJ SNGS Preliminary Examinations 2018 - Additional Mathematics 4047/02

v

[Turn over



12

2
9 The curve y = f(x) passes through the point (0,3) and is such that f '(x) = (ex + ixj :
e

(i) Find the equation of the curve. [4]
(if) Find the value of x for which f"(x) = 3. [4]
M 1) M1 | knowing
y= _[(ex +_XJ dx
e y= _[f (x)dx
:J‘e2X +2+e 2 dx
e e Bl |ignoreno+c
=—+2X+ +c
2 -2
at(0,3), 3= %e(’ +2(0) —%eo +C M1 | for ubstitution
c=3
Al
y Lo oy Leog
2 2
(4]
(i1 f'(x)=e”+2+e™ f‘(x):(eXJre‘X)2
Bl
f"(x) =26 - 2e™ fr(x)=2(e"+e™)(e*—e™)
when f"(x) =3, 2> —2e* =3
Let e = a, 2a—3=3
a
2a°-2=3a
2a®-3a-2=0
(2a+1)(a-2)=0 M1 factorisation
a:—1 a=2
2
e = L g Upon correct
=75 = +DA1 | PO Eon
nosolution 2x=1In2 factorisation
x=%|n2:ln\/§:0.347 +DA1
[4]
[8]
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13

10 A circle has the equation x* + y* +4x+6y—-12=0.
(i) Find the coordinates of the centre of the circle and the radius of the circle. [3]
The highest point of the circle is A.
(if) State the equation of the tangent to the circle at A. [1]
(iii) Determine whether the point (0, —7) lies within the circle. [2]
The equation of a chord of the circleis y=7x-14.

(iv) Find the length of the chord. [5]

CHIJ SNGS Preliminary Examinations 2018 - Additional Mathematics 4047/02
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() | X +y?+4x+6y-12=0

X* +y? +2gx+2fy+c=0

2g=14 2f =6

g=2 f=3

Centre = (-2, -3) Al

Radius =/g° + f* -C

=J 27+ (232 = (-12) | (X) +2(x) (2 + (22 +(y) +2(y)(3) +(3)* | M1

=12+(2)° +(3)°
(X+2)?* +(y+3)° =25
Radius =5 units [3] | A1 ignore no unit
(ii) | y=2 ( y=theiry coord of centre +radius) [1] | B1Y
(iii) | The distance of the point from the centre of the cicle
M1V their centre
=JO-(-2)" +(7-(=3)f
=J20 <25
DAl

Since it is lesser than the radius of the circle, it lies within the circle”  [2]
(iv) | y=7x-14 - (1)

X2+ Y +4X+6y—12=0 ------- )

Sub (1) into (2),

5 5 M1  Solving
X+ (7x-14)° + 4x+6(7x—-14)-12=0 simultaneous
equations

X* +49x* —196X +196 + 4Xx + 42X —84-12 =0
50x* —150x +100 =0

x> =3x+2=0

(x-D(x-2)=0

x=1 or x=2 Subinto (1),

y=—7 or y=0

The length of the chord =./(1—2)? + (—7 — 0)?

= /50
=54/2 units [5]
[11]

M1 Factorizing

B1  Either1l
pair correct
or both x
solutions
are
correct
M1

Al  accept 7.07
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11

15

P <

y=x>=Tx+12

The diagram shows part of the curve of y = x* —7x+12 passing through the point B and meeting

the x-axis at the point A.

(i) Find the gradient of the curve at A. [4]
The normal to the curve at A intersects the curve at B.

(if) Find the coordinates of B. [4]
The line BC is perpendicular to the x-axis.
(iif) Find the area of the shaded region. [4]
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() | y=x*-7x+12
=(x=3)(x-4) M1
Yoy 7 Bl
dx
dy .
whenx =3, v 2(3)-7 M1 | using smaller
=-1 Al | (positive) x
[4] value
(i) | Lm=1
subm =1and(3,0)intoy = mx +c
0=1(3)+c M1 | sub Lmand
c=-3 their(3,0)
equation of normal: y = x -3
X2—7X+12:X—3 or (X—3)(X—4):X—3 Ml Curveand norma|
x> —8x+15=0 x-4=1
(x-3)(x-5)=0 Xx=5
Xx=3 x=5
M1 o
y=2 factorisation
B(5,.2)
Al
[4]
(1) | Area = j34x2 —7x+12dx‘+.|‘;x2 —7x+12dx ML | Area :Uydx‘
X 7x? Uk 7 ’ +Iydx
=|| ———+12X | |+| ———+12X
'3 2 J 13 2 . Vtheir limits from
2(16 9 (i) and (ii)
_[84_708) L 1oy | [ Z2T0O) L 1p 5
3 2 3 2
for integration
7(25 7(16
(125 _1(%) )+12(5) _[64_706) )+12(4) Bl
3 2 3 2
1 1 1 1 substitution
=‘13——13—‘+14——13— M1
3 2 6 3
_‘_1 5
6] 6
=1sq unit Al
[4]
[12]
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12 A particle P moves in a straight line, so that, t seconds after passing through a fixed point O, its

velocity, vm s?, is given by v =cost —sin2t, where 0 <t < % Find

(i) interms of «, the values of t, when P is at instantaneous rest, [5]
(if) the distance travelled by P fromt=0tot= % [6]
(iii) an expression for the acceleration of P in terms of t. [1]
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(i) | v=cost—sin2t
when v =0, cost—sin2t=0 B1 For v=0
cost—2sintcost =0 B1 for double angle
cost(1—-2sint)=0 M1 factorisation
cost=0 sint=l
2
(7 (7
2 6 Al+Al
[5]
(i) s=.[cost—sin2tdt Bl Fors=jvdt
1 B1+B1 L
—sint+=cos2t +¢ Integration ignore
2 1 no +c
whent=0,5s =0 O:Sin0+§cosO+c M1
1
C=——
2
s:sint4r1c052t—l
2 2
/4 .x 1 7 1 M1 Sub either
whent==—, s=sin—+=c0S———
6 6 2 3 2 t=Zort=”
1 1(1) 1 =59t =5
= 4= — |——
2 2\2) 2
_1
4
Whent—Z s—sin—+10057r——
’ 2 2 [6]
1 1
—1+=(=1)==
2( ) 2
=0
Dist t lled=2 L
istance travetled = 2| - For both s for ¢t =
DA1
L Z and t = Z found
= — 6 2
2
(i) a:d—V:(—sint—ZcosZt)m/s2 Bl
dt
[1]
[12]
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