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Mathematical Formulae
1.ALGEBRA
Quadratic Equation
For the equation ax? +bx+c¢=0

- —b+b* —4ac

x
) 2a

Binomial expansion

{a+b) =a"+ (n}a""b + (;Ja""?bz +ot (n]a""b’ +..+b",
- r

1

II} nl - na(n-1..(n—r+1)

wheren is a positive integer and ( = =
- rj ria—-nt rt
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)=cosAcos B ¥sin Asin B
tanA+tanB
1FtanAtan B
sin2A=2sinAcosA
cos2A=cos’ A-sin? A=2cos? A—1=1-2sin’ A

1-tan” A

tan(A+B)=

Formulae for AABC
a b _ ¢
sinA sinB sinC

a® =b* +¢* —2bccos A

A =labsinC
%
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) 1 . .
X Given that the line y= Ex +3 is a tangent to the curve y2 =kx, where k is

a positive constant, prove that k is a multiple of 3.

B
The diagram shows point A, B and C lying on-a circle. The point P is such that
the lines PA and PB are tangents to the circle. Given that AB = AC, show that
LAPB=/BAC.

3 It is given that 3% x 27" =22,
® Find the exact value of 6.

(ii) Hence find the value of x correct to 2 decimal places.

4 Find the coordinates of the stationary point of the curve y = 4xz——l- ,X#0
x

and determine the nature of this stationary point.

'5 It is given that _r px*dx =7, where p is a constant.
@)  Findthe value of [ px’dr. '
)  Find the valueof [ px’dx.

.. (i)  Express f( px* + q) dx in terms of the constant g.
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b
. /4 (3, 10)

B(-5.6)

™~ .

1
In the diagram, M is the midpoint of the line joining the points A(3, 10) and

B(-5, 6).. The perpendicular bisector of AB intersects the line [ at the point P.

- Given that line / is parallel to' the line 6y + 7x = 0, find the coordinates of P.

q x

The diagram ‘above shows part-of the graph of y=i3—11 . In each of the

following cases, determine the number of intersections of ‘the line y = mx +
ewith -y =[3 =, justify your answer.
@ m=landc>1

1
i) .m.=_§and c=0

1

(6]

{21
21

2
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A container is in the shape of an inverted right circular cone which has a
vertical axis and a base radius that is equal to its lieight. Water is poured into

the vessel at a constant rate of 50 cm/s. The depth of the water is x cm.

@) Show that the volume of water in the containeris V = %7[ xem’.

Calculate, at the instant when depth of water is 20 cm, the rate of increase of
(ii) the depth of ‘the water, in terms of 7,

(iii)  the area of the horizontal surface of the water.

The roots of the quadratic equation 2x*> —4x+5=0 are aand §.
® Express o> —af3+f” interms of (a+ f)andaf .

(i) Find a quadratic equation whose roots are o and ,83 .

@) Express the equation 3 tan2 @ =5—2secd asa quadratic equation in

terms of sec@.

(i)  Hence solve the equation 3tan® @ =5—2sec@ for 0 < 6 <360°.

(i) State the number of solutions of the equation 3tan2 @ =5-2sech.in

the range —540° <8< 540°.

{1

(31
[3]

(1]
[6]

(2]
(4]

1
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-~ 11- The height of the tides 'in Singapore is ‘modelled by the - equation
h=1.55+1.35cosks, where k is.a constant, and ¢ is the time in hours after
midnight. The diagram below shows the model of the-height of the tides. The
average time difference between high tides is 13.6 hours. '

@) Explain why this model suggest that highest tide for the day is 2.9 m.
.. Y 4
(ii)  Show that the value of kis VR

(iii)  Find the time for which the height of the tide first reaches 1.6 m,

leaving your answer in 24-hour notation.

13. ur.

12 A particle travels in a straight line, so that z seconds after passing through a
fixed point O, its acceleration a m/s?, is given by a =6:—30. The initial
velocity of the particle is 72 m/s. Find
(D the de‘:celerationnf the particle when 1=3,

(i) © - an expression for the velocity of the particle in terms of ¢,

(iii)  the speed of the particle when 7 =5,

(iv) . an expression for the displacement of the particle in terms of ¢,

“(v).-- the total distance travelled by the particle for the first 6 seconds.

{1]
(2]

4]

(1
2]
[
1))
Bl
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13 (a) The table shows experimental values of two variables x and y.
: x 1 2 3 4 5
y 0.5 0.5 1.5 35 6

It is known -that x and y are related.by an equation of the form
a{x+y-b)= bx?, where a andbare constants.
(i)  Draw a straight line graph of (x + y) against X%, using the scale
- of 2 cm to represent 5 units on the x*-axis and 2 cm to represent
1 unit on the (x + y) axis. [3]
(ii)  Use your graph to estimate the value of a and of b. [i]

()  Inorderthat y = h(l+x)*, where & and k are unknown constants may
be represented by a straight line graph, it need to be expressed in the
form Y = mX + ¢, where X and Y are functions of x and/or y, and m and
¢ are constants.
(i) - Determine an expression for Y and for X. 2]
(ii) Explain how the straight line may be used to determine the
value of k. ' m

s atthe énd ar:mje_J

s

FMS(S):Sec 4 Express Preliminary Examination 2014 7
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(ii))New equation: x> +7x+ % =0

‘ No. )
1. k=0MNA)or k=6 2. ZPAB = /BCA (alt segment)
Since 6.1 ltiole of 3. therefore. k i ZPBA = /BCA (alt segment)
1nce 6 1s multiple ot 3, therefore, K i1sa o _
multiple of 3 (proved), Or /PBA = /PAB (PA = PB, tan fr ext. ptP)
ZAPB =180°-2/PAB (£ sum of A)
=180°-2/BCA
| ZBAC =180°-2/4BCA (AC = AB, is0s.A)
i ' Hence, ZAPB = /BAC (shown)
13. 4,
1 (i) 6* :g Coordinates of the stationary point is (—-—;—, 3)
(i) - 0.23 The stationary point is a minimum point.
5. @ -7 6. Coordinates of P is (7, —=8).
(i) 189 -
(i) 7+2q
7. | () Line parallel to R.H. arm; 8. (i) Volume of water in container,
since ¢ > 1 >3 intersects L.H. arms; 1 3 1 3
~. 1 intersection. V= gﬂ(x) (x) =§7z x (shown)
Or 1 '
Draw a line which is parallel to y =x -3 (ii) —cm/s
andc>1. . 87 2
(i1) 400 cm/s
(ii) Through origin; since m< 1
intersects both arms;.". 2 intersections.
Or
| Draw a line that passes through the
origin and gradient is greater than O but
less than 1.
ceen vxpe 1
(i) Withm = —_5 and c<1; x-
coordinate of intersection with x-axis is
3;.~..O‘intersections I
10r
Draw a line with m= — %; intersection
with y-axis at 1 and x-axis at 3
respectively.
- | @) (@+p) 308 10.

(@) 3sec’@+2secd—-8=0
(ii) 8 =41.40° 318.6° or @=120°,240°.
(ii1) 12 solutions
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| @)

1 4 [9 Ji6 [25

x+y |15 [25 |45 |75 |11

()c+-y—)=b+2x2
a

(aida =2.50%£04,5=1.0%0.2

11.. | ()):Maximum:height .when cos kr =1, {-12. | (i) Deceleration = 12 m/s’
he‘lgl;t =29m (ii) Velocity, v = 3t> —30r + 72
(Ii) k — j—(shown)- ! (lll) Specci is 3 my/s
ok (V) . s ==15t* + 72t
(i11) The time is 0319. | (v) Total distance travelled = 112 + (112 — 108)
“= [16'm
Or integration method: E vdt + fvdt =116 m
13. 13. | (bi) Y=logy and X =log(I +2)

. (bii) Find the vertical intercept which is log A

h= loverlical intercept vertical inlercept.

orh=e
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Paper 1
Marking Scheme
No Working ’ Description Marks
| allocated
1 | sub. y= lx+ 3 into y? =k Eliminates y completely M1
L 2
1 2
—x+3) =kx
(2 x+3)
LI Py
4
%xz +x(3-k)+9=0 Correct quadratic equation Al
Line is tangent to curve =b”>~4ac=0
=0B-k)?-36=0 ,
2 ‘Use of b°—4ac M1
9-6k+k"~-9=0
k(k—6) =0 _
k=0NA)or k=6
Since 6 is multiple of 3, therefore, k is a multiple of | Show that k =6 and conclusion Al
3.(proved). ‘
2 ZPAB = /BCA (alt segment) Angles in alternate segment [B1]
Z£PBA = /BCA (alt segment)
Or /PBA= /PAB (PA = PB, tan from ext. ptP) Sgﬁw 2 S‘hef a“glfs equal oA Egﬂ
R - alternate segment or isos, PA =
ZAPB =180°—24£PAB (£ sum of A) PB reason
= 180°-24BCA
ZBAC =180°—2/BCA(AC = AB, is0s..A) (Al]
+ | Hence, ZAPB = ZBAC (shown) Deduce correctly.
331) | 3*x 2@ =27 Apply law of indices to reduce
S g Zgm2 g2 T ~ | equation to 2 terms of base 2 and 3 B1
o _ - respectively. :
x_ 2 ‘
33 = 2% Break up indices Bl
3*x2" = 2
3
6" = 2 B1
‘ 3

Sec 4Exn Prelim 2014 Markine Scheme Paper 1
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No Working Description Marks
allocated
3(i 2
(1) xlg6=lg2 [M1]
3
2
P
_53
Ig6
=-0.2263
=—0.23 [Al]
4 dy 1 Differentiate ywrt. x B1
—=8x+ -
dx x
Stationary point :3511 =0
dx
1
8x+ - =0
x 1
1
xX=-——=
2
. y=3
. coordinates of the stationary point is (~ 1 ,3) . o 1
: 2 Stationary point 18 (——, 3) Al
2 2
d’y 2
@ 8- x.
_ 2 . M1
When x = _l, d J2V=24>0 Any valid method
2 dx . .. . Al
.. The stationary point is a minimum point. Conclusion is a minimum point
53) gpxzdx=-7 T Bl
5(ii) fpxz dx=7
x| |
{—%—J =7 Integrate wrt. x Ml
1
2Tip—p _ 7
'3 ol
21 o ‘
| P=77 “| Obtain value of p Bl
26
o 2 o
f px*dx= [—E—]
3 3
_129p-27p
3
_702p
3
_702, 21
3 26 _

Sec 4Exp Prelim 2014 Marking Scheme Paper 1
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No Working Description Marks
: allocated
5(iii) 2 .
Express | (px® +gq)dxin terms of the constant q.
[(px* +gyax
p |
3
2] e
- 1 '
I 3 Integrate f(px2 +q)dx Mi
o . orl:px +qx}
3 1
=7+(3q—q)
=7+2q
Al
6 M=(-1,8) B1
" | Gradient AB = %
Gradient of L bisector of AB = —2 M1
uation BP:
Eq 7 B1
—6=——(x+5
y . (x+5)
A
Y776 s
Equation MP: B1
y—8=-2(x+1)
y=-2x+6
) 7 1
Atpoint P,—2x+6 = ~—x+—
6 6 M1
x=7
y=-8
Coordinates of P is (7, —8) Al
7@1) ' | Line parallel to R.H. arm; B1
- | since ¢ > 1 >3 intersects L.H. arms; B1
| - lintersection
or . :
| Draw a line which is parallel to y=x —3 andc > 1 | Must write the word, line is parallel :
7@ii). | Through origin; since m< 1 intersects both arms; Bl
| . 2 intersections ‘ B1
Or
Draw a line that passes through the origin and
gradient is greater than O but less than 1.
760 With m = —é and c< 1; x-coordinate of B1
intersection with x-axis is 3;
. O intersections Bl
Sec 4Exo Prelim 2014 Markine Scheme Paver 1 3




220

No

Working

Descriptioe

6]

Volume of water in container, V = %z(x)z (x) |

Show volume of water -

%X;z'x (radius)? x (heig

8 (i)

Given v _ 50cm> /s
dt
w_

dx
dx dx _dV

— e X ———

dt dV dt
AV _ e

X = —— =
dx av  mx”
dx I x50

dt m?

When x=20, & =1

x50
dt  7(20)*

= —l-cm/s
/4

Differentiate ﬂl—
dx

Uses chain rule correctly

8(iii)

Surface area of water, A = Jr(x)2 =7x?

When x = 20, 44 - 27(20) X
dt 2z

t

=400 cm?/s

Diffcrentiate ﬁ
dx

Uses chain rule correctly

Follow through from 8(i}

9(i)‘

o’ faﬂ+ﬂ2
_=(a+p)2af-0f

=(a+p)’ -3o0f

o)

.2_x3 —dx+5=0 - . ..

a+f=2 af=>

o+ = (a+ P’ —of+B*)
=(a+B)(a+ B -3a8)

=2(2%-3x=
( 2)
=7
5 125
oo (-
A 2 8

' ‘ 125
New equation: x* + 7x + T 0 .

B 'or.“ L 8x” +56x+125=0

Sum of roots; product of rocis

Correct use of factors of o 4 [F

Follow through (ftjon o+ ¢ =

5
off ==
h=3

Sec 4Exp Prelim 2014 Marking Scheme Paper 1
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No Working Description Marks
: allocated
10() | 3tan®>@=5-2secd
3(sec’@—1)=5—2secl" Uses tan” @ =sec® @—1 (correct MI
formul
356029'—3=5~286c6 2)
» 3sec? @+2sec—8 =0 Correct equation in any form Al
10(i1) | 3sec® @+2secf—-8=0
| (Bsec@—4)(secO+2)=0 Attempt as solution (solving M1
method — factorization or general
secld = 3 or secd=-2 solution)
0'039:—3— or cost9=—l
2 V
1 M1
0=41.40° or 318.6° or 6=120°or 240° Use secf=—— Al Al
s FT for 360 - 41.40° or 180 — 60
10(iii); | 4 times/cycle X 3 cycles = 12 angles - , Bl
11(1) | Maximum height when cos kt-=-1, height =2.9 m Bl
11(ii) | Period between high tides = 13:6 hours i
2z
- = 13.6 Period of graph M1
2r
13.6
=% . Al
34
11(iii)) | Whenh=1.6 ,
1.6 =1.55+1.35coskt M1
k= |
COSkt = E . Al
Z-Zr: 1.5338 —>t=3.3198 Ml
.| The time is 0319. Al
12(1) { a=6:-30
- | Whent=3,a= 6(3)-30 =-12 m/s’
-+ | Deceleration = 12 m/s’ Bl
120 | Velocity, v = [6¢ 304t | '
= .6_t_2___30t+ c " ' Integréfe acceleration _ 1. M1
2
= 3t> 30t +c
Whent=0,v=72, -.c=72 Al
Velocity, v = 3t> =30t +72
12(ii) | When £= 5, velocity, v=3(5)> =30(5)+72=-3m/s | ___ ,
Speed is 3 m/s FT if velocity has a + c as constant | B1/FT1
P and speed is positive value instead
of negative value '

Sec 4Exp Prelim 2014 Marking Scheme Paper1 - 5
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No Working Description

Marks
__ | L allocated
- 12(iv) Displacement, s = .J-Stz ~-30r + 72dt
| = £3-152 + T2t +¢
When t=0,s=0, ..c =0
o5 =r2—15t% + 72t : Exact answer for displacement Bl
12(v) | When v =0, 3r* =30t +72=0 Find the time when v =0 Ml
t* ~10t+24 =0
(t-6)r—4)=0
t=dort=6 'Find the distance travelled when t= M1
When r=4,s=112 “4-or ¢t = 6 (does not matter if the
When r= 6,s =108 integration in (iv)) is incorrect
Total distance travelled = 112 + (112 — 108) - S
=116 m
Or integration method: f: vdt + 'f:vdt: =116 m - - | Answer (follow through from(iv)).| Al/FT1
13(a) (i) x 1 4 9 | 16 | 25 | | Table of values Bl
xeky | LS 25 A4S TS Plot the points and best fit line P1, S1
a(x+y—b)=bx*
a(x+y) — ab = bx*
(x+y)=b+ éxz
a
Refer to attached graph
13(a)(ii) | Vertical intercept, b= 1.0+0.2 Value of b = vertical intercept Bl
Gradient of line , b =0.401+0.2
a B
a=25+04 Value for a Bl
13(b)(l) y= h(l +x)k
Apply either natural logarithm or common
logarithm
log y=logh+log (1 +x) - - .
log y =log h +k log (1 + x) ‘B'I.Bi B
Y =logy and X =log(l +x) : B -
13(b)(ii) | Find the vertical intercept which is logh
i b= I.Ovemcal intercept: orh=e vertical intercept Value Of h B1
Sec 4Exp Prelim 2014 Marking Scheme Paper 1 6
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 Mathematical Formulae
1. ALGEBRA

e

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

—bt~b? —;4ac

2a

X =

Binomial expansion

n n n n—1 n n-232 n n—ryr n
(a+b) =a" + e b+ , [ b* +..+| |a" b +..+b",
r

n) n! _ n(n——l)...(n—r+l)k

r ri(n—r)! r!

wheren is a positive integer and [

2. TRIGONOMETRY |
Identities ‘
sin® A+cos* A=1
sec’A=1+tan’ A
cosec’4 = 1 +cot’A
sin{A+ B) =sin Acos B £ cos Asin B
cos(A+t B)=cosAcosB+sinAsin B
tan A + tan B
1¥tan Atan B
sin2A = 2sin AcosA
cos2A =cos*A=sin* A=2cos’ A-1=1-2sin’ A

tan(A+ B) =

tanzA_—:__g'ia_E_ié_
l1—tan” A

Formulae for AABC
a b ¢

sinA sinB sinC
@t =b+ct—-2bccosA

-'Az}-absin(}
: 2

- FMS(S) Sec 4 Express Preliminary Examination 2014
Additional Mathemat;cs Paper 2
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-1 Over a period of 10 years from 1 January 2001 to 1 -January 2011, the population, P,

of a city increased exponentially from 50000 to 250000.

Given that P=Ae", where A and k are constants and ¢ is the time in years from 1

January 2001, find
(i) the value of A and of k.

If the population continues to increase at the same rate,

(i)  in which year will it first exceed 1 million?

2 (@  Given that log, x+log,; y=1log,;(x—y), express x in terms of y.

(b) Given that u=log, z, find, in terms of «,
. 3
(l) 10g3 g}
Z
(i)  log,27z,

(i)  log,9.

3 o Differentiate xcos2x with respect to x.

(3]

3]

(3]

(1]
(1]
[2]

[3]

(i) Using your answer to part (i)find jxsian dx and hence show that

_[:zxsin2x dx:—%.

[5] -

FMS(S) Sec 4 Express Preliminary Examination 2014
Additional Mathematics Paper 2
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210 Name: ( ) Clas-

4. ] Write down.the first three terms in the expansion, in ascends : - -
(1- px)*, where p‘»i# a constant. |
(ii) Find, in terms of p, the coefficient of % in the
(1 +3x —5x2> (1- px)?.
In the expansion of (1 +3x— sz) (1- px)?, the sum of the coefficients of -
s —4—2-
3

(i)  TFind the values of p in its exact form.

5 (i  Sketch the graph of y =3¢,
(i)  On the same diagram, sketch the graph of y =3¢,

(iii)  Calculate the coordinates of the point of intersection of your grapi: .

(iv)  Determine, with explanation, whether the tangents to the graphs = &~ - - v .

intersection are perpendicular.

FMS(S) Sec 4 Express Preliminary Examination 2014
Additional Mathematics Paper 2



Name: __ ( ) Class: 211

6 The diagram shows a model of a playground ABCD. The angles ABC and ADC are
right angles. AD i1s 4m and CD is 8m. The perimeter of the playground is P m.

B C

(i) - Showthat P = 4cos@+12sind+12. [4]
(ii) - Express P in the form Rcos(B — a) +12 where R>0 and «is acute. (4]
(iii)  Find the value of @ for which P is a maximum. 2]
. 2x-3
7 A curve has the equation y = f(x), where f(x) = for x> 0.
4+3x
)] Obtain an expression for f'(x). . 2]

(ii) Find the equation of the normal to the curve at the point where the curve
crosses the x-axis. [4]
(iii) Determine, with explanation, whether f(x) is an increasing or decreasing
function. [1]

(iv) Showing full working, determine whether the gradient of the curve is an

increasing or decreasing function. [3]
: o C4xd - xt— .. :
‘8 .- Given that 4x. =X = 3,4x+12~= ax+b+ foci,
: _ S x =9 x°=9
@ find the value of each of the integers a, b and c. _— 4]

~ Hence, using partial fractions and the values of a, b and ¢ obtained in part (i), find

J‘4x3'—x2"—34x+12

(i) dx. {6l
x-9 )
_FMS(S) Sec 4 Express Preliminary Examination 2014 T 5
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¥

. e . . . .
The diagram shows. part of the curve x= intersecting the horizontal line MN at

point Qwith x-coordinate = 10. The point P lies on the curve and the tangent at P is

parallel to the line Sy=x+6.

(i) - Find the x-coordinate of P. [4]
(ii) Find the area of the shaded region. [6]

(i)  Prove the identity -l—z—gn—n—;-c——sian-—'-O. [3]
' 1+ X
@) Solve the»equationz géanta;z. =-1; for 0 < x < 7, giving your answers in terms -
+ X .
' " 2
-(iii) Given thatgf—ég—aii = —% sec2x and without the use of calculator,

tanx

@) deducethattaﬂx:—%, 2]

(b) find the possible values of tanx . [3]

FMS(S) Sec 4 Express P’réliminary Examination 2014°

Additional Mathematics Paper2 -
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11 The diagram shows two points A(-6, 2) andB (10, 2) on the circumference of a circle

whose centre, C, lies above the x-axis. The line x =-8is a tangent to the circle.

(i) Show that theradius of the circle is 10 units. - [4]
(i)  Find the coordinates of C. 4]
(iii)  Find the equation of the circle in the form x*+y*+ px+gy+r=0. [2]
(iv)  Find the equations of the tangents to the circle parallel to the x-axis. [2]
~End of Paper~
i:M'S(S)'Sec 4 Exp.ress Preliminary Examination 2014 — 2 ' 7
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FMS(S)Secondary 4 Express 2014
Additional MathematicsPreliminary ExaminationPaper 2Answers

- 1) A =50000, k=0.161 1(ii)2019

2(b) )1 —u 2(b) ()3 +u 2(b) (i) 2
u

2(a —
( ) x= Y OI'"—'y
y-1 1-y
31) —2xsin2x+cos2x 3(ii) Lsin2x —1xcos2x+C

| i Zor 2
4(1) 1-12px+66p°x” 4(ii) 66p* —36p—5 m 3 or 33

a5 G (-4,3)

5(1)
5(ii)

> X
6()  p=410cos(@—71.6")+126(ii) 0 =71.6°
() 17 . 7(i) y=—1%+3lor 7(iii) Increasing 7(iv) decreasing
(4+3x) 8y=—34x+102 ‘ function" function
15.7 sq units
8G) a=4,b=01c=3
8()  4x®—x*-34x+12 1 3
5 = 4x—-1+ +
x* =9 2(x+3) 2(x-3)
2
~M+§—ln(x+3)+%ln(x—-3)+c or 2x* —x+%ln(x+3)+%ln(x—3)+c

9(i 9(ii
® x=7§or 7.67 @ (221r122—7)units2 or 15.7sq units

10 : i : inx - :
® 'LHS=2talzlx—sin2x=23mx+ 12 ~si112x=2smx><coszx—sin2x
sec” x COSXx COS X coSx

=2sinxcosx—sin2x =sin2x—sin2x=0

10(i1) Tz 11z 1
X=—,— 10Gi1 ——or3

12 12 0C)(b) 3

11G)  mid pt of chord formed by (-6,2) and (10,2) = (2,2) ; centre lies on x=2;
distance between tangent at -8 and centre =10; hence radius = 10 units :
11G) (x—2) +(y —8) =1000r “11(iii) y = 18 or y=-2

11 Gi) are(2,8)
_x2+y2—-4x—16y—32=0_— .
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Marking Scheme
No Working / Description Allocation of Marks
li A =50 000 Bl
P=Ae"
| 250000 = 50000¢"°* Ml
5 — el()k
In5=10k Al
k=0.161
lid 1000000 = 50000¢°16%**
- _ 01609 .
o | 20=e _ Ml
1n20=0.1609¢
t=18.6 Al
The year is 2019 FT1
2a log,, x+log, y=log,;(x—y)
log,, xy=log,,(x—y) M1 for product law
xXy=x—y M1 removing log
Xy—x==y
:.___).’.._ or _l_ Al
y-1 1~y
2bi 3
log;—
z
—1-u Bl
2bii-~+ |-log, 27z
=log, 27 +log, z
= 3 +u - B 1
2biii | log,9
- =2log,3
-2 M1 Change of base
| logyz | |
22
T u Al
3@ B1
® '—d—(COSZx) =-2sin2x -
dx :
.d . e MI1(product
E(xcos 2x)=x(—2 sin 2x)+cos 2)_c(1) rule)
- =—2xsin2x+cos2x - FT1
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\l= 3 e—2x—l

No -Working / Description Allocation of Marks
3(ii) d
¢ From (i), Zx-(xcos2x) = —2xsin2x+cos2x
d o
-J—-(x cos2x)dx= J'— 2xsin2xdx + jcostdx
dx
- xcos2x+C| = j—ZxSiandx. + !costaix Ml
jr?.x—sin 2xdx = Jcostaix — xcos2x—C,
:%sir|2x+C2—JCCOSZ)c—C1 Bl
I-xsiandx = +sin2x — L xcos2x+C MI, —1m for not writing
"I constant for final answer
gxsin 2xdx = Ml
[} sin2(27) -1 (27) cos 2027)] - [% sin2(7) — 1 (z)cos 2(z)]
_ | B1
= [0—7[]—-[0——7—[—] = (shown)
2
4(i) ) 12 Bl
(1-— px)l'z 1—12px+( ZJ(— px)2 +....
=1-12px+66p>x* +.... Bl
4(ii) (1+3x—5%) (1- px)*= (1+3x =52 ) 1= 12px+66p°x> +....) Mi
Coefficient of x* = 66p> —36p—~5 Al
4Gi) - | (1+3x—5x2) (1-12px+66p>%* +....)
Coefficient of x= ~12p+3 B1
66p> —36p—5+(~12p+3)=—42
66p> —48p+22=0
198p° —144p+8=0
99p> -72p+4=0 Mi
Bp-2)(33p-2)=0 M1
p=% orp=% S Al
5(i) 1
&(ii) IN ‘ Bl
. y=3e2x+l
B1
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No Working / Description Allocation of Marks
5(ii) y=3> () y=3e> e @
325t _ 3p2xd
e4x-+2= 1 Mi
4x+2=0
x=-1
| From (1), y =3¢ 2"~ 3
;o Point of intersection = (—%,3) Al
S(iv) *" ' | If the tangents to the graphs are perpendicular, then mm, =—1
mim,
y — 362X+l
ﬂ — 6 2x+1 Bl
dx
e | x= _% , ﬂ =620 g
y — 36—2,:—1
d_y - __6e~2x—l Bl
dx
x= _%’ _‘1}_7:_66—2(—0.5)—1 =—6 Mi
dx
Since 6(—6) #—1, the 2 tangents are not perpendicular. Al
Note: Not necessary to substitute in x = — %
6(i)
M
B c
A _______
D
. DM
sin@ =—— = DM =8sin@ Bl
: g o
- CM : '
cosf@ =—— = CM =8cosb
T8 | B1
sinf =—— = AN =4sin@ Bl
- 4
DN
cosfd =——= DN =4cosé
4 B1

AB =DM — DN =8sinf—4cos &
P=AB+BM + MC +CD+ DA )
= 8sinf@—4cos@+4sinf@+8cosf+8+4

= 4cos@+12sin 8+12 (shown)
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) No Working / Description Allocation of Marks
6(ii) 4cos@+12sinf = R cos(@— )
= Rcos@cosa+Rsinfsina
1 Rcos @ =4 (1) M1
Rsin@ =12 - )
() +(1): tan@=3=>a=tan"' 3=71.57° =71.6° M1
(12, @) R=42+12 Bl
=4/160
=16 x/10
=410 or 12.649
| P=410cos(0—71.6°)+12 or P=12.6cos(@—71.6°)+12 Al
| 6GiD) For P to be a maximum, cos(@—71.6°) =1 Mi
6-71.6°=0
6 =71.6° Al
7(%) fx) = 2x-3
4+3x
£/(0) = (4+3x)(2)—(2:t—3)(3) Ml
(4+3x)
_8+6x—-6x+9
(4+43x)°
I Y
(4+3x)° Al
(i) Lety=0
2x-3=0
x=1.5 (1.5,0) B1
x=15 f)=—0>l
[4+3(1.5)]
= 4/17 Al
‘ 17 Mi
| Gradient of normal = —-——4—
. ) 17 v
Equation of normal is y— 0= —74— (x -1 .5)
y=,~——1;zx+§81 or  8y=-34x+51
7(iii) ] ) 17 Bl
Since (4+3x)*>0,f'(x) = @ >0
f (x) is a increasing function.
7(iv) , 17
f')=——g
(4+3x)
£ () =17(02) 4+397%3) Mi
~102 - .
_ (4+3x)° Al
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No‘

Working / Description Allocation of Marks
Sincex>0, (4+3x)°>0
f"(x)<0 Bl

Hence, gradient of the curve is an decreasing function.

8(@1) 4x° — x*—34x+12 v 2x+c

_ — =ax+b+—;
x"=9 x -9
a =4 . Bl
4x -1 M1
X —-9P1x3 —x*—34x+12
—(4x* -36x)
—x*+2x+12
2x+3
4x —x*—34x+12 2x+3
= . =d4x—1+—
x*-9 x° -9

b =01 Al
c=3 Al

8(ii) 2x+3 A N B Ml
-9 x+3 x-3
2x+3=A(x—3)+B(x+3)
By comiparing coefficients, 2=A+B  ______ 16 Ml
3=-3A+3B 2
(D) X3+2): 9=6B=>B=2 Al
n: A== Al

2x43__ 1 3
£-9 2x+3) 2(x-3)

453 —x*—34x+12 2x+3

5 =4x—1+—
x° -9 x° -9

4x* - x* —-34x+12 4 1 3

> + +
X' -9 2(x+3) 2(x—3)..

I4x —x* —34x+12

— f(4x Ddx +— j

x+3
4x

g;l

= T—x+;ln(x+3)+ 3ln(x 3)+C

_2x2 —x+%1n(x+3)+—2'1n(x—3)+c

Or “-4x —x? 34x+12

x> -9

1, 1
dx = j(4;c—1)dx+5jmdx+

2L
x—3

B2, O1 for each error
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No Waorking / Description Allocation of Marks
4
Gl VAR P P 3)+C
2(4) 2 2
4x—-1
(—xg—)—+ ~In(x+3)+> ln(x 3)+C
9i -
Gradient of tangent at P :% Bl
y=In(3x—8)
ﬂ = 3 M1 for differentiation
dx 3x-8
3 _1 M1
3x-8 5
15=3x-8
x=2?3 or 7% or 7.67 (3sf) Al
CH & +8 |
X = 3
y=In(30—8) B1 (y-coordinate of MN)
=In22 ‘

Area bounded curve, MN, y-axis and x-axis

J‘mzz e+ 8 y
0 3

1 ¥ n22
= g[e + SyI)
= -13;[(22 +81n22)—(1)]
=7 +§ In22
Area of rectangle = 10In22

Shaded Area |
..=101n22'—(7+_-§-1n22) o

—-2—2-1n22 7
3 .

=15.7 sq units

| M1 for integration

Al

B1

M1 for rect-unshaded ..

Al




229

No

Working / Description

Allocation of Marks

101

LHS =20 _Gn2x

1+tan’x

2sinx

—_ COSX
sin’ x
1+—
cos” x
2sinx

—sin2x

— COsSXx

2

=— - —sin2x
cos” x+sin” x

cos’x

2sinx cos’x )
= X—— ———sin2x
cosx cos x+sin”x
2sinx 2 .
= Xcos x—sin2x
coSXx

=2sinxcosx—sin2x

"=sin2x—sin2x "

M1 changing tangent

M1 Apply sin’x+cos’x=1

AGl1

101

~0
LHS = 220X _ Gnox

1+tan® x

_2tanx

—sin2x

sec x

cosx cos"x
_ 2sinx

Xcos x—sin2x
cosx

=2sinxcosx—sin2x
=sin2x—sin2x
=0

Alternate Method

M1 changing secant form

M1 changing to cosine
form

AGl1

1011 .

8tanx .
=]
2+2tan” x

2(%&;}_1
1+tan“x

2sin2x=-1 ,

.sin 2x ~—-—l
12X )

» .al. 7
| refangle =sin” — ==

26
2= 12 1
6 6
1z 11z

12712

B1

M1 find ref angle

Al for both answer
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No Working / Description Allocation of Marks
10iiia 2+2tan” x 1
———=-——5ec2x
16tan x 3
, ———1-6}—3252—— =-3cos2x
1 2+2tan” x
4(—&—-}:—30032): M1
1+tan” x
4sin2x=-3cos2x
Sin2x = 3 Al (must show
cos2x 4 sin2x/cos2x)
‘ tan2x=——
10i11b 3
tan2x=—-—
4
2tanx. _ E
1—tan’x 4
8tanx =-3+3tan’ x
3tan” x—8tanx—3=0 M1 for quad equation
(3tan x+1)(tanx—~3)=0 lf\/ll factorise or quad
- ormula
tan x =-—l or tanx=3
3 Al for both answers
correct
11i | mid pt of chord formed by (-6,2) v..and (10,2) =(2,2) 4 M1 mid pt formula, Al
centre lies on x= 2, M1
dist b/w tangent at -8 and centre =10 Al
Radius = 10 units
11u \f(2+‘6)2 +(y_2)z ~100 M1 form equation
64+(y _.2)2 =100 M1 solving
(»-2)= £6
y=8 or 4 na Al
coordinates are (2,8) Al
11iii x—2)" +(y—8)° =100 Mt o
’ (2 )2 ( ) ’ ' "I'Alor B2
x*+y" —4x—-16y-32=0 1
1liv y=18 B1
y=-2 B1
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