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ALGEBRA

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

‘= —b++b?* —4ac

2a

Binomial Expansion

(a+b)" =a" +(T]a”‘b+(2}a“bz + ...+[:Ja”rbr +...+b",

Nt n(=1)..(n—-r+I)
r!(n—r)!_ r! '

n
where n is a positive integer and L 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 Asin B

tan At tan B
lFtan Atan B

sin 2A = 2sin Acos A

tan(A+£B) =

cos2A =cos® A—sin® A=2cos’> A—1=1-2sin’ A

tan2A= 2ta—nf\
1—tan” A
Formulae for AABC
a b c

sinA sinB sinC
a?=b*>+c2-2bccosA.

A= lesinA.
2
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1. (i) On the same diagram, sketch the curves y> =81x and y = % for x> 0. 2]
X
y 1‘
» X
.. ) . 4 )
(ii) The parabola y~ = 81X intersects the curve y = T at the point A.
X

. . 4
Find the equation of normal to the curve y = T at A [5]

X
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2. The equation of a polynomial is given by g(X) = 2X’ —X> +8x—4 .
(i) Find the remainder when ¢(X) is divided by 2x. [1]
(i) Explain why g(x) = 0 has only one real root. (4]
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34
— x> +8x—4

2. (iii)  Express —; in partial fractions. [4]

2X
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3. Do not use a calculator in this question.

A cylinder with radius (2+ NE) ) cm has a volume of 7(26 + 4./48 ) cm?, find the height

of the cylinder in the form m+ n\/g , where m and n are integers. (4]
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2

4. Itis given that y = %(3 —2x)°.

(i) Obtain an expression for % . [2]
X
(ii) Determine the set of values of x for which y is increasing. [2]

2
(iii) A point P moves along the curve y = XE (3—2x)’ in such a way that the

y-coordinate of P is decreasing at a rate of 0.05 units per second.

Find the rate of increase of the X-coordinate of P when x = 1. 2]
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5.  The function f is defined, for 0° < x <360°, by f (x) =a—bsincx, where a, b and ¢ are
positive constants.

(a) Given that the period is 240° and the greatest and the least values of f(X) are 7

and —1 respectively, find the values of @, b and c. [3]
(b) State the amplitude of f(x). 1]
(c) Sketch the graph of y=a—Dbsincx. [2]
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6. At the beginning of 2020, Mr Lim bought an antique watch for $ 8000. It was believed
that the value of the antique watch will increase continuously with time such that its
value increased 10% after every 3 years.

(i) Find the value of the antique watch after 15 years, correct to the nearest dollar. [1]

(ii) Write down an expression for $V, the value of the antique watch, after Mr Lim

owned it for t years. 1]
(iii) Sketch the graph of V against t. 1]
VA

v
—

(iv) Using your answer in part (i1), find the year that Mr Lim’s watch first appreciates
to $50 000. [3]
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7. (a) Given that Ib (\/3x+2) dx =5, where a and b are positive constants.

()  Evaluate j: (J12x+8) dx 2]

(ii)  Explain why I: (+/3x+2) dx cannot be found when a = -1. [1]
. log, X

(b) Solve the equation —= =3, [4]
log, 8
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8. (a) Without using a calculator, and showing all your working, find the exact value

of coszcoss—ﬁ - sinzsins—” [2]
4 12 4 12

(b) Given that @ is reflex and cos &= p, where p > 0.
Express the following in terms of p.

(@) tan @ [2]

(i) sec(g—ﬁ) 2]
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6
9. (i) Write down the general term in the binomial expansion of (2X - Lj . [1]

3x°

(ii) Explain, showing your working clearly, if there is a term independent of X in the

expansion. [2]

(iii) Using the general term, or otherwise, determine the term independent of X in the

6
binomial expansion of | 3x* +1+ 2 2X— L ) [4]
x? 3x*
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10.
y A

4 y=px*+ox+r

The diagram above shows part of the graph of y = px* + X +r.

The equation of line of symmetry of the curve is X = 2.
Determine the conditions for each of the following expressions, justifying your

answer.

)] q>—4pr 2]
(ii) % when x = 2 2]
(iii)) ¢ 2]
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11. The points P(-6, 1), Q(4, 5) and R (-3, 8) lie on a circle C.
(i) Find the gradient of each of the lines PR and QR. (1]

(ii) What do your answers to part (i) imply about the line PQ relative to the circle C ?

Show your working clearly. [2]

(iii) Find the equation of the circle C. [3]
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(iv) Write down the exact coordinates of the lowest point of the circle C. [1]

(v)  Find the equation of tangent to the circle C at P, [3]
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12. A curve Y =1f(X) is such that f"(X)=24sin4X—12cos2X and has a stationary point
(%,lj. Show that f"(X)+4 f(X) =ksin px+(, where k, p and q are constants to be

determined. [6]

End of Paper
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1. ALGEBRA

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

‘= -b++/b* —4ac

2a

Binomial Expansion

n n n n-1 n n-2p2 n n-rpr n
(a+b)" =a" + L[a"BH|, RTTRT 4| 2D b

n'  n(n=1)..(n—-r+1)
ri(n—r) rl '

n
where n is a positive integer and (rj =

2. TRIGONOMETRY

Identities
sin? A+cos’> A=1
sec2 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 Asin B

tan At tan B
1F tan Atan B

sin 2A = 2sin Acos A

tan(A+B) =

cos2A=cos® A—sin® A=2cos’> A—1=1—-2sin® A

tan2A= 20A
1—tan” A
Formulae for AABC
a b c

sin A B sin B B sinC
a?=b?>+c*>—2bccos A

A= lesinA
2
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1 Find the largest integer value of k for which the line Y =1-X does not intersect the
curve Y =X +(K+2)x+1-Kk. [4]
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2 Given that the roots of 3X* +2X =7 are « and £, find the quadratic equation whose

2
roots are o + 2 and f+—. [5]
a
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3 (a)  Sketch the graph of y =|x> —6x+5| for 0 < x<7. [3]

(b)  Solve the equation x> —6x+5/=4. [3]

Methodist Girls” School Additional Mathematics Paper 2 Sec 4 Preliminary Exam 2020



Page 6 of 19

4 (a) (i) Prove the identity sec A-cosec A =sin A—cosA. [3]
cot A+tan A

(i) Hence find all the angles between 0° and 180° which satisfy the equation
(ZSGC A—2cosec AT i (3]
cot A+tan A '
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(b) Find all the angles between 0 and 4 which satisfy 3sec’ y+5tany =5. [4]

5 (@ ()  Find i(xe”* ). [2]
dx

(i)  Hence find _[ 4xe’ " dx. [3]
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(b) The equation of a curve is Y = (ln—x)2 . Find the equation of tangent to the
3x+1
curve at Xx=1. [4]
() A curve is such that dy__2 + 3 The curve passes through the point
dx  3x+1 3x+1’ P sHmep
(0,3), find the equation of the curve. [4]
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6 (a)  Using the substitution U=>5", solve the equation 5*** — 25" = 2(5**") | giving
your answer correct to 2 decimal places. [4]
(b) Solve the simultaneous equations: [4]

log,(2x+Y) =%—log4 3
(3/3)* = 27(\/3)”
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The table shows experimental values of two variables, X and y, which are connected by
an equation of the form, e’ = axb, where a and b are constants.

X 2 3 5 7 10

y 2.28 2.94 3.69 4.30 4.88
(i) Plot y against In X for the given data and draw a straight line graph. [3]
(ii) Use your graph to estimate the value of a and of b. [4]
@iii)  Use your graph to estimate the value of x whene”’ = X [2]
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8 Solutions to this question by accurate drawing will not be accepted.
y
* P28
Q(8, 6)
S 3y+14=4x
> X
0 v
R

The diagram shows a quadrilateral PQRS in which the point P is (2, 8) and the point Q is
(8, 6). The point R lies on the perpendicular bisector of PQ and the point S lies on the y-axis.

The equation of QR is 3y +14 =4X and angle SPQ = 90°. Find
(>i) the coordinates of S, [3]

(ii) the equation of the perpendicular bisector of PQ, [2]
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(iii)  the coordinates of R.

(iv)  the area of PQRS.
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[3]
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9 A particle moves in a straight line so that its velocity, v m/s, is given by V= 2t -8t +6,
where t is the time in seconds after the start of motion. At t = 2, the displacement of the
particle from a fixed point O is 1 m. Find
(i) the times when the particle is instantaneously at rest, [2]

(i) the minimum velocity of the particle and explain the significance of the answer
obtained, [3]

(iii)  the average speed travelled by the particle in the first 5 seconds. [4]
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10
S R
\ ’
\\8 cm /’
\ ’
6 }\ //\ 0
P 0] Q

The diagram shows a metal wire, PQRS, placed on top of a semicircle metal sheet, with
centre O and radius 8 cm. ZPOS = ZQOR = @ radians.

(a) Show that the length of the metal wire PQRS, L cm, is given by

L=16sind+32cosd. [2]
(b) Find the value of @ for which L is stationary. [3]
(¢) Hence, find the maximum value of L. [2]
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11

v=+/4x+5

0 5 T

The diagram shows part of the curve y =+/4x+ 5, which intersects with the line X =5 at
the point P. The normal to the curve at P meets the X-axis at the point T. RQ is parallel
to the x-axis and PT : PQ=2: 1. Find

(a) the coordinates of P and of Q, [5]
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(b)  the area of the shaded region. [3]
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12 Corridor A

0.52

A
\4

The diagram shows two straight corridors meeting at right angles. Corridor A has a width
of 0.52 m. STUV is a rectangular block of length 1.46 m and breadth 0.38 m. The block
touches the walls of the corridor at S and T, and also touches the inner corner of the
corridor at C, where VC = 1.1 m. The angle between CU and the wall at C is 8, where
0°<d<90°.

(i) Show that 19cos@+18sin & =26. [3]

(ii) Express 19cos @ +18sin @ in the form R cos (6 — a), where R > 0 and
0°<a <90°. [3]
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(iii)  Hence, find the values of 6. [3]

(iv)  State the largest value of 19cos 8 + 18sin @ and its corresponding value of
0. [2]

~END OF PAPER ~

Methodist Girls” School Additional Mathematics Paper 2 Sec 4 Preliminary Exam 2020



CANDIDATE
NAME

CLASS INDEX
NUMBER

METHODIST GIRLS’ SCHOOL

Founded in 1887

PRELIMINARY EXAMINATION 2020
Secondary 4

Tuesday ADDITIONAL MATHEMATICS 4047/1

11 August 2020 PAPER 1 2 hours

(Markscheme)

Candidates answer on the Question Paper.

No Additional Materials are required.

READ THESE INSTRUCTIONS FIRST

Write your class, index number and name in the spaces at the top of this page.
Write in dark blue or black pen.

You may use a HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

Answer all questions.

Give non-exact numerical answers correct to 3 significant figure, or 1 decimal place in the case
of angles in degrees, unless a different level of accuracy is specified in the question.

The use of an approved scientific calculator is expected, where appropriate.

You are reminded of the need for clear presentation in your answers.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.

The total number of marks for this paper is 80.

This question paper consists of 16 printed pages.



Page 2 of 14

ALGEBRA

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

‘= —b++b? —4ac

2a

Binomial Expansion

(a+b)" =a" +(Tja”’b+(2}a“b2 +...+(rr1]a”rbr +...+b",

Nt n(n=1)..(n=r+1)
r!(n—r)!_ 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 AcosB F¥sin Asin B

tan At tan B
1Ftan Atan B

sin 2A = 2sin Acos A

tan(A+B) =

cos2A =cos® A—sin® A=2cos’> A—1=1-2sin’> A

tan2A= 2ta—nf\
1—tan” A
Formulae for AABC
a b c

sinA sinB sinC
a?=b*>+c2-2bccosA.

A= lesinA.
2
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1. (a) On the same diagram, sketch the curves y*> =81x and y = % for x> 0.
X
y 4
> X
) . 4 .
(b) The parabola y~ = 81X intersects the curve Yy =—= at the point A.
X
. . 4
Find the equation of normal to the curve y = T at A.
X

4]

»_16

81
x:i or x:—i (NA - x>0) MIAI

9 9
y=6

4
A=, 6

(3-6)

4 L
=—==4x?
R
dy 222

Ml

Gradient of tangent = ?

Gradient of normal = i Al

Equation of normal: y—-6= i X — i
27 9

.'.y:4x+5§i; or 243y =36x+1442 Al

27

2]

[5]
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2. The equation of a polynomial is given by g(X) = 2x’ —X* +8X—4 .

(@) Find the remainder when g(x) is divided by 2x. [1]

Remainder = g(0) = -4 Bl

(ii) Explain why g(X) = 0 has only one real root. (4]
1 1. 1
—)=2(=)——+4-4=0

a( 5 (8) .

(2x—1) 1s a factor of g(X) Ml

g(x)=2%x"—x>+8x—4
g(x)=x*(2x—=1)+4(2x-1)

M1 [Accept methods Fact grouping, comp coeff or Long Division]
L g(X) =2x=D(X* +4) Al

For x* + 4, D=0-4(1)4)=-16<0
No real roots. M1
(2x — 1) is the only factor of g(x).

34
2x> — x> +8x—4

(iii)  Express in partial fractions.

[4]

34 - 34
2% —X* +8Xx—4  (2x=1)(X*+4)
Lot 4 _ A BueC -
2x-D(x"+4) 2x-1 x"+4
34 = A(X* +4)+(Bx+C)(2x-1)
1 1
Put x=—: 34=A(-+4)
2 4
A=38 Al
Putx=0:34=32-C
C=-2 Al
Comparing coeffof X* : § + 2B =0
B=-+4 Al
) 34 8 —4x-2 8 4xX+2
R — =t or ——-—
2X =X +8x—-4 2x-1 x"+4 2x—-1 x"+4

[Deduct 1 mark if this statement not shown]
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3. Do not use a calculator in this question.

A cylinder with radius (2++/3) cm has a volume of 7(26 +4+/48) cm?, find the height of

the cylinder in the form m+ n\/g , where m and n are integers. (4]

Let the height of the cylinder be h.
7(2++3)°h = 7(26 + 4/48)

(4+443 +3)h = (26 +4/48)
26+44/48 Ml
h="r"—
7+4\/§

. 26+4J48 T-43

X M1
7+43  7-43
L (26+1633)(7-4/3)
49— 48
—182+1124/3-1044/3 =192 MI1A1
-8/3-10
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2

4. Itis given that y = %(3 -2x)°.

(i) Obtain an expression for % .
X

dy _x°

dx 2
=-5x*(3-2X)* +x(3-2x)°
=(3-2X)*'3x-7x%)

[53-20)"(-2) [+ (3-2%)°(x) MI

Al

(ii) Determine the set of values of x for which y is increasing.

For y to be increasing, gy >0
X

2]

2]

y=X(3-7X)
(3-2X)"(3x=7x*)>0 M1 N
.
3X=7x* >0 - 7
X(3-7x)>0
.'.O<X<§ Al
7

2

(iii) A point P moves along the curve y = X?(3 —2X)’ in such a way that the

y-coordinate of P is decreasing at a rate of 0.05 units per second. Find the rate of

increase of the X-coordinate of P when x = 1.

dy_dy dx
dt dx dt
dy s oo dx
—=3-2X)"(3X=7X")x— Ml
L~ 320 )
Subst. x= 1: ~0.05=-4 %%

dt
.‘.%:0.0125 units/s Al

2]
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5. The function f is defined, for 0° < x <360°, by f (X) =a—bsincx, where a, b and ¢ are
positive constants.

(a) Given that the period is 240° and the greatest and the least values of f(x) are 7
and —1 respectively, find the values of @, b and c. [3]
360° _ 240°

¢ Bl
3
==
2
a-b=-1------ (1)
atb =7 (2)

a=3 B1
b=4 Bl
.3
S F(X)=3—-4sin=x
2
(b) State the amplitude of f(X). [1]
Amplitude = 4 B1
() Sketch the graph of y=a—bsincx. [2]
8
Q / \
D1 : Correct shape
: g‘: 3‘ D1 : Correct End points &
. .L‘,: \ 7 1] Turning points
\ /
0 200 250 0] /1350
4
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6. At the beginning of 2020, Mr Lim bought an antique watch for $ 8000. It was believed
that the value of the antique watch will increase continuously with time such that its value
increased 10% after every 3 years.

(i) Find the value of the antique watch after 15 years, correct to the nearest dollar.  [1]

15

Value of watch = 8000(1.1)

= $12884 (nearest dollar) Al
(ii) Write down an expression for $V, the value of the antique watch, after Mr Lim
owned it for t years. 1]
t
V =8000(1.1)* Al
(iii) Sketch the graph of V against t. [1]
!
\ 4 V' =8000(1.1)°
8000
>t

(iv) Using your answer in part (ii), find the year that Mr Lim’s watch first appreciates to
$50 000. [3]

t

8000(1.1)> = 50000
t

(1.1 =6.25

glgl.l =1g6.25

E: 1g6.25 MIAL
3 gl
1=218025 o e
Ig1.1
Year =2020 + 57 =2077 Al
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7. (a)

()  Evaluate J-:(\/l2x+8) dx

b
Given that I (v/3x+2) dx =5, where a and b are positive constants.
a

2]

I:(\/12x+8) dx:J':(2\/3x+2) dx Ml
= 2]  (3x+2) dx
=-2x5 Al
~_10
()  Explain why jb (V3x+2) dx cannot be found when a =-1. 1]

b
3

[ o] G112
5(3) ;

Since (3x+2)? is only defined when 3x +2 >0, i.e. x> —% ,

I_bl (V3x+2) dx cannot be evaluated.

(b) Solve the equation log, X =3
log, 8
log, x=3log, 8
log, x = 3| 10&:8 Ml
log, X
log, X)> =9
(log, X) M1

log, x=3 or log, x=-3

x=2%or x=2""

1 A2
SX=80r XxX=—
8

[4]
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. (a) Without using a calculator, and showing all your working, find the exact value of

V4 Sk . wm . 5w
COS— COS— —SIn —sin — 2]
4 12 4
V4 Sk . m . 5w T Sr
COS—COS—— —SIn —SIn — = COS| — +— M1
4 12 4 12 ( 4 12 j
=)
= COs 3
Al
__ 1!
2
(b) Given that @ is reflex and cos@=p, where p > 0.
Express the following in terms of p.
(i) tan @ 2]
0 is in 4™ quadrant.
1_ 2
tand =— P Al P
p a
— 1-— 2
VA -=p M1
1
sec(z—é’)
(i) 2 2]
sec(z -0)= 71[
cos(——6
(5 -0)
= _1 M1
sin @
1_ 2
=— ! or — pz Al
1-p’ 1-p

Methodist Girls” School Additional Mathematics Paper 1 Sec 4 Preliminary Examination 2020
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6
9. (i) Write down the general term in the binomial expansion of (2X - 3%) . [1]
X

6 r '
General term = ( j(2x)6 (—13) B1
r 3X

(ii) Explain, showing your working clearly, if there is a term independent of X in the
expansion. 2]
6-r-3r=0

3 M1

r==
2

Since r is not a natural number/positive integer, there is no term independent of

X. Ml
(i) Using the general term, or otherwise, determine the term independent of X in
the
o . ) 1Y
binomial expansion of | 3X™ +1+—- || 2X— W) (4]
X X
For coeff of X : 6—4r=-2 —
r=2
6 - 2
coeff of X2 = (2)6 (_1) 26g
2 3 3
For coeff of X* : 6-4r=2 [ M1AL1 for either correct method
& answer
r=1

1Y 6 1 6 1)
Otherwise Method : | 2x——| =(2x)°+| |(2X)’| —— |+| . |2X)*| —— | +...M1Al
3x 1 3x 2 3X

= 64x° —64%* +26§x2 —

6 J
(3x2 +1+ ij(ZX—:j - (3x2 +1+ 22](...—64% +26g X2 +j
X 3X X 3

Term independent of X = 3(26?) +2(—64)=-48 Al
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10. V4

| y=px*+gx+r

The diagram above shows part of the graph of y = px> +gx+r.

The equation of line of symmetry of the curve is X = 2.
Determine the conditions for each of the following expressions, justifying your

answer.
@ g’ -4pr 2]
(ii) ﬂ when x=2 [2]
dx
(i) g [2]
(1) [Method 1 :] Since the curve cuts the X-axis at two real and distinct points,
[Method 2 :] Since the equation px” +gx+r =0 has two real and distinct roots,
[Method 3 :] Sincep <0,r>0,-4pr>0 M1

~D=qg*—4pr>0. Al

(i1) Since the line of symmetry is X = 2, the point on the curve where X =2 is a
stationary/turning point. M1

ﬂ =0. Al
dx

Gy Y oopxeq
dx
When x=2,4p +q=0
q=-4p
[Method 1 :] Since the curve has a maximum point, p < 0
2

[Method 2 :] ‘; Y —2p<0 (-max pi),p<0. Mi
X

5.g>0. Al
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11. The points P(-6, 1), Q(4, 5) and R (-3, 8) lie on a circle C.

(i) Find the gradient of each of the lines PR and QR. (1]
Grad. of PR= =L _7
-3+6 3
8-5 3 )
Grad. of QR = . = - B1 [Award only if both grads correct]

(ii) What do your answers to part (i) imply about the line PQ relative to the circle C ?
Show your working clearly.
2]
Since (Grad. of PR) x (Grad. of QR) = -1, ZPRQ =90°.

Using right-angle in a semi-circle property, PQ is the diameter of the circle C.

Ml Al

(iii) Find the equation of the circle C. [3]
Mid-point of PQ = (‘6; ! 1;5j —(-1,3) Ml
Radius = \/(=1+6)> +(3—1)* =29 Bl

Equation of circle C : (X+1)°+(y—=3)>=29 or X +2Xx+y’ —6y—19=0 Al

(iv) Write down the exact coordinates of the lowest point of the circle C. [1]
V116
Lowest point = (-1, 3—@) or (-1, 3—7) B1
) Find the equation of tangent to the circle C at P. [3]
. 3-1 2
Grad. of line joining centre and P = =—
-1+6 5
Grad. of tangent at P = —; B1
Equation of tangentat P : y—1= 3 (X+6) M1
2
.'.y:—§x—14 or 2y =-5x-28 Al
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12. A curve Yy =f(X) is such that f"(X)=24sin4x—-12cos2x and has a stationary point
(%,1). Show that f"(X)+4 f(X) =ksin px+(, where k, p and q are constants to be

determined. [6]

f"(X)=24sin4x—12cos2X
f (%) :j(24sin4x—12cos2x)dx
—24cos4x  12sin2X

f'(x)= +C,, where C, is an arb. const.
4 M1

f'(X) =—6cos4x—6sin2x+C,
Subst. f (”j:o

4
—6cos7z—6sin%+C1 =0
6-6+C, =0
~.C,=0
- (X)) =—6c0s4x—6sin 2X Al
f(x)= —0sindx | 6cos2X +C,, where C, is an arb. const.

4 2 M1

f(X):MjﬁcoslijC2
2

Subst. f(ﬂjzl
4

—ési1127z+3cos£+C2 =1
2 2

~C, =1

f(x):_3812n4x+30052X+1 Al

f"(X)+4 £(X)=24sin4Xx—-12cos2X—-6sin4X+12cos2X+4
f"(X)+4 f(x)=18sin4x+4 A2

~ k=18, p=4 and q=4
[Award Al if either k, p or g is wrong]

End of Paper
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1. ALGEBRA

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

‘= —b++/b* -4ac

2a

Binomial Expansion

n n n n-1 n n-2p2 n n—rpr n
(a+b)" =a" + . a" b+ 5 a"ht 4.+ ) a"'b" +...+b",

n'  n(n-=1)..(n-r+1)
ri(n—r) r '

n
where n is a positive integer and (rj =

2. TRIGONOMETRY

Identities
sin? A+cos®> A=1
sec2 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 Asin B

tan At tan B
1¥ tan Atan B

sin 2A = 2sin Acos A

tan(A+B) =

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

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

sin A B sin B - sinC
a’?=b%*+c?-2bccos A

A= lesinA
2
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1 Find the largest integer value of k for which the line Y =1-X does not intersect the
curve y=xX>+(kK+2)x+1-k . [4]

y=1-x
y=X"+(K+2)x+1-k

subs (1) into (2),
1-x=%x"+(k+2)x+1-k
x> +(k+3)x—k=0 [1]

b*—4ac <0

(k +3)2 —-4()(-k)<0 [1]
k?+6k +9+4k <0

k*+10k+9<0

(k+1)(k+9)<0

Ans: -9 <k <-1 [1]

Largestk=—2 [1]
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2 Given that the roots of 3Xx* +2X =7 are « and £, find the quadratic equation whose

2
roots are o + 2 and LB+=. [5]
o

sum of roots, a + ff = Y

product of roots, aff = _?7 both correct - [1]

2 2
sum of new roots, ¢ +—+ f+—

(24

1 1
— 2| — 4 —
a+ p+ ( +,3j

o

a+ﬁ)

=a+,6’+2[

--= [1]

quadratic equation is X* — (—%j X+ (— 57—9j =0

21x% +2x—177=0 [1]
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(a)  Sketch the graph of y =|x> —6x+5| for 0< x< 7. [3]

shape —[1]
(3a4): (1,0), (570) - [1]
end points —[1]
(b)  Solve the equation ‘xz —6X+5=4. [3]

‘x2—6x+5‘:4

x> —6X+5=4 or X* —6X+5=—4 [1]

x> —6x+1=0 x> —6X+9=0

6+./(—6)* —4(1)(-1
LR FoADED gy g
x=0.172 or 5.83 X=3 [2]
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sec A—cosec A

4 (a) @) Prove the identity =sin A—cos A. [3]
cot A+tan A
LHS,
sec A—cosec A
cot A+tan A

= (sec A—cosec A)+(cot A+tan A)

(1 1 j(cosA sinAj

= - || = [1]

cosA sinA sinA cosA

_(sinA—cos A ( cos® A+sin® A

“UsinAcosA ) | sinAcos A j

_ sin A—cos A . 1 j (1]
sin Acos A sin Acos A

_ (sin A—cos A (‘sinAcos Aj
sin Acos A 1

=sin A—cos A [1]

= RHS

(ii)  Hence find all the angles between 0° and 180° which satisty the equation

2sec A—2cosec AY
=1. [3]
cot A+tan A

(2 sec A—2cosec AT 1

cot A+tan A
4(sin A—cos A)" =1 [1]
4(sin® A—2sin Acos A+cos” A) =1
4—4sin2A=1
3
sin2A=— 1
1 [1]

basic angle = 48.5904...
2A=a, 180°—«
A=243° 65.7° [1]
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(b) Find all the angles between 0 and 4 which satisfy 3sec’ y+5tany=5. [4]

3sec’ y+5tany =5

3(1+tan2 y)+5tany—5:0 [1]

3tan’ y+5tany—2=0

(3tan y—1)(tan y +2) = 0 1]
1

tany=§ or tany =-2

a=0.32175... a=1.1071...
Y=o, 1+a Y=r—a, 2r—a
y=0.322, 3.46 y=2.03 [2]

. . d- 3-2x
5 (@ (i)  Find &(xe ). [2]

%(Xé2x):e32x(1)+x(_2e32x) [1]

=e3—2X _2xe3—2x [1]

(ii)  Hence find j 4xe’ ™ dx. [3]

J‘(e3‘2X —2xe" ) dx=xe" *+¢ [1]
Ie”x dx —jzerX dx=xe"* +c

.|‘e3‘2X dy —xe’ —C:J'zerX dx

3-2x

sze3’2X dx=2 _xe +C [1]

I4xe3_2x dx=—€"*" =2xe> ¥ +2¢, [1]
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(b) The equation of a curve is y = In X -
(3x+1)
curve at X=1.
~ Inx
(3x+1)°
& (3x+1)2()l(j—(lnx)[z(3x+1)(3)]
dx (3x+1)’
at x=1, y=0
dy _ (4’ (1) - (InD[6(4)] _1
dx (4)* 16
equation of tangent,
1
—0=—(x-1
y 16( )
16y =x-1
. dy 2 3
c A curve is such that — = +
© o " dx 3x+1 +3x+1
(0,3), find the equation of the curve.
dy 2 3
—_— +
dx  3x+1 3x+1
2 3
= + dx
y I[Sxﬂ \/3x+1}
2 3
= dx + dx
’ I(3X+J I[«/3_x+lj
y—zj( & jdx+f3(3x+1)§ dx
37\ 3x+1 J
1
2
yzzln(3x+1)+3 20x+)* +C
3 1(3)
yzgln(3x+1)+2\/3x+1+c
at (0,3),

3=§ln1+2\ﬁ+c

c=1

y=§ln(3x+1)+2\/3x+l+l

. Find the equation of tangent to the

[4]

[1]

[1]
[1]

. The curve passes through the point

[4]

[1]
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6 (a)  Using the substitution U=35", solve the equation 5*** —25**%% =2(5**") | giving
your answer correct to 2 decimal places. [4]

5X2 _ygx+05 _ 2(5x+1)

5 x 5% =520 =2(5* x51)

25%x 5% =57 =10(5%) [1]
15x5* =57 x5' =0

let u=5%,

15u—5u® =0

S5u3-u)=0

u=0or u=3 [1]
5=0 5"=3

(NA)  x= 183 068 2]
lg5

(b) Solve the simultaneous equations: [4]
log,(2x+Yy)= %—log4 3
(3/3)* =27(\/3)”

log, (2x+ y)+10g43=% (3v3)* =27(/3)!
1 X
log,32x+y)= 5 (B =3 (3045)31
I

3(2X + y) =42 31.5)( — 33+0.5y

6x+3y=12 [1] 1.5x=3+0.5y
3X=6+Yy
y=3X-6 [1]

6X+3(3x—-6)=2

15x =20

4
- 1
X=3 [1]
y=-2 [1]
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The table shows experimental values of two variables, X and y, which are connected by

an equation of the form, e’ = ax” , where a and b are constants.

X

2

3

5

7

10

y

2.28

2.94

3.69

4.30

4.88

()

(i)

(iii)

Plot y against In X for the given data and draw a straight line graph.

Use your graph to estimate the value of a and of b.

Use your graph to estimate the value of x whene’ = X’

[3]

[4]

2]
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8 Solutions to this question by accurate drawing will not be accepted.
y
* P23
Q(8, 6)
S 3y+14=4x
> X
0 v
R

The diagram shows a quadrilateral PQRS in which the point P is (2, 8) and the point Q is

(8, 6). The point R lies on the perpendicular bisector of PQ and the point S lies on the y-axis
The equation of QR is 3y +14 =4X and angle SPQ = 90°. Find
>i) the coordinates of S,

[3]
m.=5326__1
W 2-8 3
Mg =3 [1]
let S(0,Y),
8-y
Msp = ~0
8-y
3=—— 1
5 [1]
6=8-y
y=2
5(0,2) [1]
(ii)  the equation of the perpendicular bisector of PQ, (2]
2+8 8+6
mid-point of PQ = (T,Tj = (5,7) [1]

m=3

equation of perpendicular bisector,
y—-7=3(x-5)

y=3x-8 [1]
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(iii)  the coordinates of R.

y=3x-8
3y+14 =4x

33x—8)+14 =4x
Ox—-24+14=4x
5x=10

X=2

y=-2

R(2,-2)

(iv)  the area of PQRS.

aréa = —

112 0 2
2
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[1]
[1]

[1]

82‘

8 2 -2 6 8

= %[(4+12+64)—(4—16+12)] =40 units?

[1]

[1]

[3]

2]
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9 A particle moves in a straight line so that its velocity, v m/s, is given by v =2t* -8t +6,
where t is the time in seconds after the start of motion. At t = 2, the displacement of the
particle from a fixed point O is 1 m. Find

(i) the times when the particle is instantaneously at rest, [2]
at v=0,
2t°—8t+6=0 [1]

2t —4t+3)=0
2t-1)(t-3)=0

t=1 or t=3 [1]

(i) the minimum velocity of the particle and explain the significance of the answer
obtained, [3]
a=4t-8
ata=0,t=2 [1]
min. velocity =2(4)—-8(2)+6=-2m/s [1]

The particle is moving in the opposite direction. [1]
(iii)  the average speed travelled by the particle in the first 5 seconds. [4]

S:J.(2t2—8t+6) dt

s=2[£}—8[£}+6t+c [1]
3 2

att=2,s=1,
1:2(§)—8(ﬂj+6(2)+c
3 2
1
C=——
3
53
s= 2 46—t [1]
3
1
att=0,s= ——
3
1
att=1,s=2—
3
1
att=2,s= ——
3
att=5,5s=13
;+(2;x2j+(;xzj+13
Average speed = =373 m/s [2]

5
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10
S R
\ ’
\\8 cm /’
\ ’
6 }\ //\ 0
P o] Q

The diagram shows a metal wire, PQRS, placed on top of a semicircle metal sheet, with
centre O and radius 8§ cm. ZPOS = ZQOR = @ radians.

(a) Show that the length of the metal wire PQRS, L cm, is given by
L=16sin@+32cosf. [2]

OP =0Q =8cos ¥
SP =RQ =8sind

L =2(8sin &) +4(8cosO) [1]
L=16sin@d+32cosél [1]

(b)  Find the value of @ for which L is stationary. [3]

L=16sin&+32cosfd

dL .

— =16cos@—32sinb [1]
do

at %:O,
do

16cos@ =32sind [1]

l =tand
2
0 =0.463647... = 0.464 [1]

(c) Hence, find the maximum value of L. (2]

d’L

10’ =-16sinfd—-32cos @

L

7 <0, max. L [1]
L =165in0.463647...+32c0s0.463647...

L =35.777...=35.8 [1]

at 0 =0.463647...,
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v=+/4x+5

0

T

The diagram shows part of the curve y =+/4x+5, which intersects with the line X =5 at

the point P. The normal to the curve at P meets the x-axis at the point T. RQ is parallel
to the x-axis and PT : PQ=2: 1. Find
(a) the coordinates of P and of Q,

y=+4Xx+5
dy 1
dx
dy 2

dx J4x+5

at x=5, y=5
dy_2
dx 5
P(.5)

let T(x,0)

T(7,0)

Q(5-1,5+2.5)
=Q(4,7.5)

ha E(4x+5)§ (4) [1]

[5]
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(b)  the area of the shaded region. [3]

area = square (OP diagonal) + trapezium — area under the curve

1

1 5 3
area =(5><5)+5(4+5)(2.5)—j0 (4x+5) dx [1]
3 5
2(4x+5)2
=3625-| ——~- [1]
3(4)
0
1 3 3
=36.25——(252—52j
6
=17.280...=17.3 units? [1]
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12 Corridor A

0.52

A
\4

The diagram shows two straight corridors meeting at right angles. Corridor A has a width
of 0.52 m. STUV is a rectangular block of length 1.46 m and breadth 0.38 m. The block
touches the walls of the corridor at S and T, and also touches the inner corner of the
corridor at C, where VC = 1.1 m. The angle between CU and the wall at C is 8, where
0°<8<90°.

(i) Show that 19cos @ +18sin 8 =26. [3]

corridor A, CU =0.36, UT =0.38

XY = XU +UY
0.52=0.36sind+0.38cos [2]
x50) 19cos@+18sinf =26 [1]

(i) Express 19cos@+18sin @ in the form R cos(6 — o)), where R > 0 and
0°<a <90°. [3]

R=+19>+18 = /685 [1]

tana = —
19

o =43.4518... [1]

19cos @ +18sin @ =+/685 cos(d —43.5°) [1]
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(iii)  Hence, find the values of 6. [3]

19cos@+18sinf =26
685 cos(#—43.4518...°) =26

cos(6—43.4518..0) = —20_ (1]

J685
0—-43.4518...=6.5819..., - 6.5819...
60 =50.033...,36.869...
0=50.0°, 36.9° [2]

(iv)  State the largest value of 19cos 8 + 18sin 4 and its corresponding value of

0. 2]

19cos @ +18sin @ =+/685 cos(6 —43.5°)

Largest value = /685 x1=26.2 [1]
0—-43.4518...=0°
0 =43.5° [1]

~ END OF PAPER ~
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