RI H2 Mathematics 2017 Prelim Exam Paper 1 Question

A local wholesaler sells Pikachi plushies in two sizes, small and large. The number of
Pikachi plushies bought by three particular retailers and the total amount they paid are shown

in the following table.

Retailer Small Large Total Amount paid
A 30 50 $1375
B k 2k $2704
C 2k k $2522

Find the price of each small and each large Pikachi plushy and determine the value of k.  [4]

A right circular cone has base radius » cm and height ~cm. As r and /& vary, its curved

242 .
surface area, 7r \/ (r +h ) cm’, remains constant.

It is given that when r=V2cm, the magnitude of the rate of change of 4 is 10 times the

magnitude of the rate of change of r. Given also that 4 > r, find the height of the cone at this

instant, [4]
(a) Find J 2 4 (4]
N (1 —8x—4x" )
4
(b) Use the substitution x =2sec@ to find the exact value of J l\/ (x2 - 4) dx. (4]
2 X

A curve C has equation y =f(x), where

f(x):L+cx,

(x +b)2

and a, b and ¢ are constants. It is given that C has a vertical asymptote x=-1and a

minimum point at (O, 1).
(i) Find the values of a, b and c. (4]

(i) Sketch the graph of y=f(|x

), stating the coordinates of any point(s) of intersection

with the axes and the equation(s) of any asymptote(s). [3]




(iii) Hence, solve the inequality f (|x|) —4>0. 2]

y= 0 (_4’ 0)
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Ny =—x+ 2

x=-3

The diagram shows the curve y=f(x). The curve has maximum points at (—5, 4) and the
origin, and crosses the x-axis at (—4, O). The lines y = 0, x = -3 and y = —x + 2 are the

horizontal, vertical and oblique asymptotes to the curve respectively.

On separate diagrams, draw sketches of the graphs of

1
(a) y—f(x), (3]
() y=1'(x), 3]
x+1
(c) Y—f(Tj, [3]

labelling clearly the equation(s) of any asymptote(s), coordinates of any axial intercept(s) and

turning point(s) where applicable.

2

2 2
(i) Giventhat y=1In (1 +sin 2x) , show that e’ % +e’ (%) =—4sin2x.

Find the first three non-zero terms in the Maclaurin’s series for y. [5]

(ii) It is given that the three terms found in part (i) are equal to the first three terms in the
series expansion of ax(1+bx)" for small x. Find the exact values of the constants a, b

and n and use these values to find the coefficient of x* in the expansion of ax(1+bx)",

giving your answer as a simplified rational number. [5]




Mr Tan is planning to set up a home theatre in his spacious rectangular living room. A
projector screen with height @ metres is to be positioned against one of the walls b metres
above the eye level (see Fig. 1). He is trying to decide on the horizontal distance between the
sofa and the screen so that the viewing angle o of the projection screen is as large as
possible.

. La+b ab . . .
(i) Show that o =tan™ —tan ' —, where x is the horizontal distance between the sofa
X X
and the screen in metres. [1]

(ii) Use differentiation to show that the value of x which gives the maximum value of «
satisfies the equation

atb b
xz+(a+b)2 X +b’
Solve for x and leave your answer in terms of a and b. [4]

[It is not necessary to verify the nature of the maximum point in this part.]

Mrs Tan proposed an alternative way of arrangement. She proposed to place the sofa against
the wall opposite the screen, which is ¢ metres away, and to vary the vertical position of the
screen placed y metres above the eye level in order to maximise the angle «(see Fig. 2).

\
\
\
\
A
<

(iii)  Use differentiation to find the value of y which gives the maximum value of ¢,




leaving your answer in terms of a. Interpret the answer in this context. [5]

8 A curve C has parametric equations
. T
x=sin’t, y=2cost, for OStSE.
(i) Find a cartesian equation of C. [2]
The tangent to the curve at the point P where ¢ =Z is denoted by L.
(ii) Find an equation of /. [3]
(iii) On the same diagram, sketch C and /, stating the coordinates of the axial intercepts and
the point of intersection. [3]
The region R is bounded by the curve C, the line / and the y-axis.
(iv) Find the exact value of the volume of revolution formed when R is rotated completely
about the x-axis. [3]
9 Do not use a calculator in answering this question.
(a) One root of the equation z* +2z° +az> +bz+50=0, where a and b are real, is z=1+
(i) Show that ¢ =7 and b =30 and find the other roots of the equation. [5]
(ii) Deduce the roots of the equation w* —2iw’ — 7w’ +30iw +50 =0. [2]
)
— 73 +1
(b) Given that p*zﬁ, by considering the modulus and argument of p*, find
1-i
the exact expression for p, in cartesian form x +iy. [4]
10 | In a model of forest fire investigation, the proportion of the total area of the forest which has

been destroyed is denoted by x. The destruction rate of the fire is defined to be the rate of
change of x with respect to the time ¢, in hours, measured from the instant the fire is first
noticed. A particular forest fire is initially noticed when 20% of the total area of the forest is

destroyed.

(a) One model of forest fire investigation shows that the destruction rate is modelled by the

differential equation




(b)

(i)  Express the solution of the differential equation in the form x =f(#) and sketch

the part of the curve for 1> 0. [6]

(ii) Find the exact time when the destruction rate is at its maximum. [2]

(iii) Explain briefly why this model cannot be used to estimate how long the forest

has been burning when it is first noticed. [1]

A second model for the investigation of forest fire is suggested and given by the

differential equation

dx _ 1
dr ¢ 2
Sr|l+| —+tan —
10 10
Determine how long the forest has been burning when the fire is first noticed. [3]

11

Screen

A right opaque pyramid with square base ABCD and vertex V is placed at ground level for a
shadow display, as shown in the diagram. O is the centre of the square base ABCD, and

_— — —

perpendicular unit vectors i, j, k are in the directions of AB, AD and OV respectively. The
length of AB is 8 units and the length of OV is 2/ units.

A point light source for this shadow display is placed at the point P(20, —4, 0) and a screen of
height 35 units is placed with its base on the ground such that the screen lies on a plane with




1
vector equation r. | 0 |=a where a < —4 (see diagram).
0

(i) Find a vector equation of the line depicting the path of the light ray from P to V in
terms of A. [2]

(ii) Find an inequality between « and h so that the shadow of the pyramid cast on the
screen will not exceed the height of the screen. [3]

The point light source is now replaced by a parallel light source whose light rays are
perpendicular to the screen and it is also given that z = 10.

(iii) Find the exact length of the shadow cast by the edge VB on the screen. [3]
A mirror is placed on the plane VBC to create a special effect during the display.

(iv) Find a vector equation of the plane VBC and hence find the angle of inclination made
by the mirror with the ground. [4]
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Lct $x and Sy bc the | pnce of each small and cach large Pnkachl plushy
respectively.

Retailer A :

30x + 50y = 1375 (1)
Retailer B :

k+2p=2104 )T bk

x+2y- 2704(%}0 @
Retailer C : /\) =

2 + ky = 2522 by k

2x+y-2522(l]=o e

FromGC: x=15, y= 185, ;_é
Hence, k= 52, each small Pikachi plushy costs $15, and each large
Pikachi plushy costs $18.50.

xamination Paper 1 : Suggested Solutions

Most studenls
were able to
form the three
equations. Only a
handful realized
the need to
linearise the
equations before
using GC to
solve for the
unknowns.
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4
14y A2=7r2r2(r2+h

(Note: “ =0 since
de

Sincer #0, (2r2+h2)~3‘£+hr%=
(ﬂ]*(ﬂj_b“»hz
dr) \det —hr

dr & T T

Solving: A =13.9(3sf) or h=0289(3s)

~DDifferentiate w.rt. 1 : performing implicit
1 .3 dr differentiation on the
(2’_ +2h— & ) (’ +h )(2" —dT) =0 variables with’respect to

2
When r =2, LT LR CIRT

= kP -10J2h+4=0

. Students must remembcr
H d L thatr and h are variables
and not constants. When

r, hort,youmust

4 is a constant ) have your 4 or & etc.
dr de

Do remember to
substitute the given
conditions after
differentiation and not
before differentiation!

Since A > r, the height of the cone required is 13.9 ¢m (to 3 st).

=--}Jl-8x—4x’ +-12-sin" 25 SXH) +C
(b)

1J -8x-8 1
= —— dx + dx l/
8) Ji-gx-4x’ jJs-4(x+|)’

R T a | € Commentsi 75 -5 v l
LK. S o N R
( 5y 42 This question is nowell done. Mostspit |
7—‘1" the integrand to
1-8x-4x* J» N 2
— dr + dx
=-I-J‘ 88 J ! dx JI-8x-ax! J\/I—Sx—h:
8) JI-8x-4x Ji-8x-4x!

term.

\
o % and have difficulty integrating the tirst \
There are quite a few who wrote 1

'lj ~8x-3 dl__l(l-sx-u'y“"\
Vi-8x-dx 8 3 ‘l
2

dx
x=28¢cld = —=2secHtanf
[4‘ da s¢C n
When x=2, secf=1=>cos8=1=>80=0

When x =4, scc8=2=>c030=15=6=1

3
[ (e -a)es

There is a significant number of students

who do not know how 1o integrate tan’ @

and sec’ 6. Make sure you know how to

integrate all the trigonometric function

(sin x, cos x, tan x, sec x, cosec x, cot x) and

(trigonometric)’ function, such as

sin? x,cos’ x,tan’x,sec’ x,cosec’x,cot’ x|
\
]
|

and be familiar with the formulae/identities
given in MF26.
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$ 2tan@
=]’ —(2 tané
R 2sece( secd 16

since JAsec’ 8—4 =21an? 6 = 2tand for 0
=J"2um’odo
[

=2J"scc’9-|do
[}

=2[tang-0]3

-5

2017 Year 6
5 J g . "
'J.’ 4sec’ @ 4(23ec0mn0)d0 The other is not
o  2secf

the limits of the integration when
substituting x by 2 sec 6.

s9<sZ
3

N\
D)

;Q’n‘.’ﬁ_.‘_: ‘R TRT GTve ey et

v e ol

Commerits

N R AL o

RECSRRENeS HEE
- N l

y=——g+
(x+8)

C passes through (0,1) = a=1
dy 2

When finding the dcrivativé of _a
{x+ b),

. with respect to x, there is no need to use
C has a vertical asymptote x=-1 = b=1 pec .

the quotient rule. If the unknown
constants bother you, ask yourself how
you would proceed to find its derivative
if you assume some real values for the
unknown constants. Eg__ |

(x+ l)’
If you can identify the values of some of
the unknowns immediately, substituting
these values into the original expression
will help to simplify your calculations.

Whenever you
are sketching a
graph, you
should always
remember SIA
(shape,
intercepts,
asymptotes).
Question also
states that (0, 1)
is a minimum
point, soifitis

not featured in
the graph,

2017 V!
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something is
wrong! |
Your graph \
should also be i
symmetrical |
about the y-axis. |
Question did not |
ask for exact i
answers, SO it is
not necessary to
solve for the i
intersection
points
algebraically.
| You just need to
| plot a graph and
| find its
| intersection with .
‘\ the x-axis using
aGC.
_ Your final
. answer should
! be symmetrical
| about the 3 axis,
| and remember to
e the final
' non exact
. answers 1o 3 st

A\

@ [ £()-4>0 = £(ld)>4

The line y =4 cuts the graph of y=f{|x) at x=11.94 (3sh).
AE()-4>0 e x<-194 or x>1.94
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‘Gémmerits’

N8
3]

e

(-30)

General

Co-ordinates are required for
axial intercept(s) and tuming
point(s). We want to see
(-3,0) marked in part (a), and

X {soon.

u
[)
L

x=0

Equations of asymptotes must
be labelied. Many students
left out * y = 0" and/or

-0
Curve sketched near

asymptote must exhibit the
characteristic of approaching

(b)
3)

y=£'(x)

1
@
)

.

nearer and nearer to it.

Use ruler to draw (dotted)
straight lines to represent
asymptotes!

For (a):

x An empty circle ought to be

v
’
v
.
v
'
.
.
’
]
«
RN

wesTTTTITID

"n
{
D

o marked at the point (-3,0) to
indicate the exclusion of the
point.

For (c):
We can’t leave the equation of

the oblique asymptote as

(c)
{31

.. y

-11,4)

L

;

E
k
/
/
SEANN
;
/
/
5

y=—‘7”+2. Simplify it

Many students had the wrong

n
»
2

y=0

x=-7

translation unit and/or scaling

factor.
There are 2 options for your

consideration :

x+1
[¢)] f(x)—-)f(zJ—»f( > J

@
1

o ifoed)or(z3)|
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Comments ;

1

J y=In(l+sin2x)

so ¢” =1+sin2x

e’g =2co0s2x
dx

2
o8 (O
dx

dy+3 (dv) d_)‘r.*
dr JL dx”
When x=0, ¢’ =1 = y

By Maclaurin’s Theorem,

x? x*
y=2x—4[a]+8(;]+

=2x—2x2+§x’+w

Differentiating with respect to x:

=-4sin2x (shown)
3 2 Y
c’d':'+e’ 9{) d,)v +2¢” (dy] gy — +c’(dij =-8cos2x
dx dr /| dx dx A dx dx
dy ’
el = | =
)

=0,

Since we need to denve |
| the 2 order DE which
involves e”, we should 1
express y=In(l+sin2x)
as ¢’ =1+sin2xand

apply implicit 1
differentiation. Direct
differentiation can be
complicated at imes.

Note that

2
1(91) =2(§z)( ay)
de\ dv dy /| dv?

|

,

|

|

1

|

An alternative solution i

involves applying

standard Maclaurin !

expansion although this is |

not the intended method. '
l

—

(i)
8] | ax(l+bx)"

= ax[l +n(bx)+ ("2 l)(

n
= ax + nabx? + —— ( ab’

By comparing coefficients,

bx)* + "("_l;l("_z)(bx)’ + :l

a=2
nab=-2=>nb=-1

A cémmon mistake
invoives omitting the
term, ax, in the

Also, since we do not
know whether nisa
positive integer or not, we

expansion of ax(l+bx)". '

should not use [”} orn!. .
r

14 |

2017 Y6 H2 Math Preliminary Examination Paper i

Page b of 16



Raffles Institution H2 Mathematics

Raffles Institution H2 Mathematics

2017 Year 6

1 w

Let the screen to be positioned ) metres above the eye level.

a=tan" 22 a2
c c
da 1 (l)_ L (1
Ch | (a+y)2 <)y (l)z(c‘j
¢ ¢
[4 (4

+a+yy Ty

ey -e-aeny]
[ @ +r)

. c[y+(a+y)y-(a+y)i

[c’ +(a+y)zT(c2 +37)

_ -aca+2y] . —2ac[,v+f‘,2
[c’ +(a+ y)’](c’ +y') [c’ +(a+ }')z](c‘2 +37)
For maximum a: da_ —acla+2y =0

dy c’+(a+y)x:\(c’+y’)

::>y=—%(sincea=0andc==0)

Students should
note that it is eye
level and not
ground level
given in the
question, for
those who
concluded that it
is impossible to
get ) being !
negative.

Students should
show how they
deduced the

derivative for

a)’ \ signs of the

’ g )]
B

—2ac[y+ %] , where —2ac <0

|
¢ -

Some were also
successful in

Therefore y = -% gives the maximum viewing angle a .

Interpretation of the answer:

In order to maximise the viewing angle @, the centre of the screen
need to be placed at eye level regardless of the position of the sofa.

using the second
derivative test,
although it is
more demanding
to obtain.

Comtnems . l1

(l)

Usmg sin’ 1 +cos’ 1=| a cartcsnan equanon of Cis

lmponam to remember the
Trigo identities. Answers

suchas y= 2cos(sin" \/;)41

2017 Year 6
n(n-1) .,
= apt ==
2 73
= nibtonbt =3
(-1 -(-1)p=2
3
=b=L and n=-3
3
-3
x* term in the expansion of Zx(l +13x)
_3(—4)( 5)( ) - _22"‘
3! 3 27
*. coefficient of x* = _2
27
. ; i - V(’fom‘rrnaents i
(i) Lcl P be the angle of elevauon of the bottom of the screen from eye- Studen_t'; shduld
(1 | level. define the angles
+b aa+b properly. They
tan(a+ﬂ)—T=>a+/3 tan™' —— can also draw a
b b fliai;ram to
tan(f3) = 2 = f=tan"'— indicate the
angles a and .
a=(a+p)-f= tan"fiz—tan"é- ¢
@i A da 1 ( a+b) 1 ( b ) Studc;ts should
o E— | "z | 7| T2 note the
dx |+(£‘Lb) * |+(2) u application of
x x chain rule in the
a+b b thgfwing of the
= PR SAY) ifferentiation in
x'+(a+b) ¥ +6 R the first line.
+b
For maximum a: da —-,—(a——)—;+ =0
A P +(a+b) X +b
b b
ICLII R o5 (Shown)
s +(a+b) x+t
(a+b)x* +b7) =" +(a+b)]
2
(a+b)x* +(a+b)b? =bx* +b(a+b)
ax® = b(a+b)[a+b—b]=ab(0+b)
= Jbla+b) or —ybla+b) (NAsincex> 0)
2017 Y6 H2 Math Prefiminary Examination Paper 1
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y 2
x+| %) =
(2) !

=y =4-4x, 0sx<], 0
or

=y=2/1-x, 0sx<I

ys2

are not accepted as they
are not simplified.

Essential to state 0 S x <1
and/or 0sy<2 asCis

defined for 0<¢ S%.

131 ydy d
l+2=L 2 ty

dx

(ii) | Differentiate with respect to x:

2

Y

When l=£,x:sin’(£)=2 = z - 918_
3 3 4.y 2cos3 l'dx 2

Hence, an equation of /is  y-1= -2(:-%)

S
==2x+=
y +3

% can also be found by

parametric  or  explicit
differentiation.

g])

o

0.9 (

z_oJ
4

Sketch C for 0 S x <1
only. State the coordinates
of the point of intersection
and axial intercepts.
Sketch should illustrate
that line / is a tangent to
curve Cat (4,1).

| ,
=”J (—2x+§)z dx—ﬂjn:(4-

5 3
(-2x+§)

3(-2)

YN

=7 —rr[4x-—2x’

(iv) | Volume of revolution of R rotated about the x-axis

4x) dx

3
]a
o

As “exact value” is
required, you are to show
clear working instead of
using the GC to obtain the
values of the integrals.
(You may, of course, use
the GC to check your
answer).
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=—n units’
16

1 .
OR Use volume of cone = -itrrzh. ie.

G0 ) Al

Hence a quadratic factor of the poiynomial is

(z-(1+3))(z-(1-31)) =
(22 - 2(1+3i+1-30) + (14 31)(1-3i)) = (* -2: +10)

2 +22 +az’ +b2+ 50

=(z’ -2z+10)(Az* + Bz + C) for some constants 4, 8 and C.

By comparing the constant term, C =35

Hence z* +22° +az’ +bz +50 = (2} -2:+10)(:’ +4z+5)

Comparing coefficient of z° and z, we have a=-8+10+5=7and
b=40-10 =30 (shown).

Solving 2 +4z+5=0,

z_-4:‘/4’-4(5)_-41\/?47_-4zs/3\/-_1_
B 2 2 2
Hence the other roots are z=1-3i, :=-2+i and z=-2-i

-2ti.

Alternative Solution (more tedious):
Since 1+ 3iis a root,

(1+31) +2(1+31) +a(1+3)) +5(1+31)+ 50 =0--(1)

(1+3)) =1 +2(3i)+ (3i)’ =(1-9) +6i = -8+ 6i
(1+3i) = (1+3i)(-8+6i) = (-8~ 18) +i(6 - 24) = ~26 - I8

By comparing coefficient of z'and 2’, 4=1and B-24=2=>B=4

instruction is
given at the
start of the
question -
“Do not use a
calculator in
answering
this
question™.

Obviously
yOu can use¢
GC to check
your answer,
but you are
required to
show clear
working.

CESE T j . % | Comments. ‘I
Since z =1+ 3iis aroot and the polynomial has real coefficients, z=1-3i is | Note the ;
also a root to the polynomial. following

i

2017 Y6 H2 Math Preliminary Examination Paper 1
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(1430)" = (-8+6i)’ = 64-96i - 36 = 28~ 96i

Applying above results on (1),
(28-96i)+2(-26-18i)+ a(~8+6i)+b(1+3i)+50=0

(26-8a+5)+(~132+6a+3b)i=0
Comparing real and imaginary parts,
26-8a+b=0 and -132+6a+36=0

equivalentto -44+2a+b=0

Solving, -44-26+10a=0=>0=7 and 6=8(7)-26=30
s.a=17, b=30 (shown)

Since z = 1 + 3iis a root and the polynomial has real coefficients, z = | - 3iis ‘
also a root to the polynomiat.
24222 +722 43024 50
=(z-(1+30)(2~(1-30))(2* + 4z + B)
=(z* —2:+lO)(z’+Az+B)
By comparing coefficients, we have A4 = 4,B=35.
Solving 2’ +4z+5=0, ;= -412‘/3 = qi\f‘/__l =-24%i.
y~ | Hence the otherroots are z = 1-3i, :=-2+4i and 2=-2-|.
1(;)0/ Let = =iw,then we get (iw)' +2(iw)’ +7(iw)’ +30(iw)+50=0 T;lolc that
= W= 2iw’ - Tw 430w+ 50 =0, 7=
Z=iw = w=-iz
|~ | Hence the roots are w=~i~3, w==i+3, w=2i+1 and w=2i-1.
(b ) s Note that this
: ’[-7; +i q question

IPl=[p|=

e N Y.

(=) B)TeB T

8 ), .. [ x))__8 l——@i A _iiord'—‘/-i-ii
P=g( o8 -3 J*isin{ =3 55272 5hA9 7.9

requires you
to consider

I p'l and
arg(p’).
Remember to
simplify your

surds.
Note that

.
arg(l—n)=—:

2017 Y6 H2 Math Preliminary Examination Paper 1
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Qnio_ Comments },
vad S TR . 5 : |
& = L x(1-x) '
dr 10 ‘
1 1 1 |
—t—— | dx=| —dr !
= j (x I—x) 10 i
x 1 b |
Inl—I=—1+C, If In— is
= 1-x| 10 ‘ -x
where C is an arbitrary constant . [*given instead i
' x
= ii—=,4c‘° , where A= te’ °“"|_x' ‘
-x
i Ithen 0 <x <1
Aclo i should be
= x= T stated to
1+ Ae't Jjustify the
1 L] A 1 removal of
thn1=0.x=;.That|s. §=m:4=1' the modulus
1
Leit o 4 : |
Hence, x = —4 =t - Final answer
’ 1 |Lo I G should be in -
l+zc d+e d+e¢ simplified .
form, it ,
x should not :
contain a
x=1 , fraction
""""""""""""""""""""" - within a
| fraction like
: s
L Leio
|
elo | = |
Graph of x = l+;e'° “
—_ ]
/s 4 +ell ;
/ . |
1
O -—> ¢ i |
)] since £ = L 11 _ ) is a quadrat ion, destruction rate is at .
& 2 ¢ a0 x) is a quadratic expression, destruction rate is at its “destruction
. 0+1 1 rate is at its
maximum when x=—= 3 maximum"
refers to
Or when %(£)=—l—-lx=o i.e.,x=l. maximum |
) 10 5 2 1
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4 .
—~<l, wewillhave 0 <x<1.

44610
Hence, x>0 for all real values of £, and there is no value of t forx = 0,

Since 0 <

]
ORAs x = -, ¢ 50", x=1- -0,

L
4+l
Hence, x =0 is a horizontal asymptote and there are no values of ¢ giving
x=0.

2017 Year 6
1
= dx
Therefore, —ZT =—¢l0 e not
1-~ maximum x.
2
L
2 e0=4 o 1=10In4
0 n
I 10 L .
\ Y, From x= 7 x=0 = e0=0. Ll;ét::csuon
4+l explain why
. |'—° the model
Since ¢'% >0 for all real ¢, there is no value of ¢ for x=0. cannot be
ORNotethat  x=1-—2 usedto
o estimate (i.e.
4+l why we are
unable to

estimate using
the model), it
does not ask
for why the
model may
not give a
good
estimate. So
answers like

is not
reliable” or
“the model is
not valid for
t <0 are not

“extrapolation |

accepted.
(b) | dx _ )
BV | o P
Sx[1+| —+tan—
g (10 10) .
1
7
x=— t z\ dt
Sx l+(ﬁ+tan-l-6)
1
—Jo
_lo :
-S;rJH(ILHan%) dr
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1tis important |
to have |
=Ztan"(-’-+wn—£)+C “+ C then |
4 10 10 show that i
l _ .
When ¢ = 0, x=~—. Hence C.-O. _
5 Without this
1 2 _|( L4 ) step, no mark !
~==fan" [tan—{+C = C=0 )
5 n 10 ,| canbe
2 ' | awarded for
That is, x= = tan™' (——HanlJ. | the final
n 10 10

From G.C., when x =0, =-3.25 (3s.£)

Hence, the forest have been burning for 3.25 hours when it is first noticed.

| answer.
:

)
|
i

1, . Comments

I

/|Qn}

12

It is pot written as

0 2h =a+id, AeR
=20 -10

Pr=| 4 |=2] 2
2h h

Vector equation of the line depicting the path of
the light ray from P to Vis

Note that the vector equation of a
line is of the form:r=a+Ad, AeXR '
|

|
!=a+Aid, A€R orequation of line

f
i

20 -10
r=|-4[+4f 2 |, AeR
0 h
(i) 1 “Does not exceed” means that the
Bliclol=a height is < 35 units.
0 Students who attempted this
20 -10 question by similar triangles must
r=l-4)+4] 2 |, 1eR take note that a is a negative value.
0 h
20104\ (1
4424 |{0|=a
Ah 0
20-10A=a=4= 2016“
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; For shadow of the pyramid cast on the screen to
| not exceed the height of the screen,

! knmoer.M=(2°'°)hsss
i =h52(3)5—0a since @< -4 implies 20-a >0

T 3

|
;(iu) | Giventhat A= 10

Piease note that the shadow cast by
the edge ¥’B on the screen is M'VEI

1-131 : 4 0 -4
! !0—B= —4 .O—V= 0 |=>BV= 4]
o 0 20 20/
! Il,cngth of the shadow cast by edge VB
! —4) (1 0
! =1 4 {x{o]==]20]=Vai6=4V26
! [20 0 -4
[ (V) 4) 0
i O—CU—
i 0 20
:’ . - :
; >CV=|-4{=—4] 1
| ] 20 -5
o -4 -1
| BV = 4):4 1
; 20 s
! 1Y (-1) (10 s
A\tUDbnOW{IXI:OﬂO
10 plare] vBL s)us/ ) Al
, Vector cquation of the plane VBC is

l 5 om 5
r/0{=] 0 1i0!>r[0({=20
1

20 Lx 1

Angle of inclination made by the mirror with the
ground

|
| Students must be more careful when
’ computing vectors. There is a lot of

; computation error for C¥ and BV .
|

This is just a direct application of
angle between 2 planes with the
normal of the ground (x-y plane)
0
takentobe [ 0.
1

Note that this

angle of inclination is not the same
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Vi

N

25+1°

as the angle beween BF and 23
which is equal to 8.9
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RI H2 Mathematics 2017 Prelim Exam Paper 2 Question

Referred to the origin O, the points A, B and C have position vectors a, b and ¢ respectively such
that

a=2i+3j-k, b=5i-2j+3k and c¢=4i+j-2k.

(i) Given that M is the mid-point of AC, use a vector product to find the exact area of triangle
ABM. [4]

(ii) Find the position vector of the point N on the line AB such that MN is perpendicular to

AB. [4]
. 12 1 2
(@) (i) Show that r—1_7+r+1_r(r—1)(r+1)' (1]
4

(i) Hence find ;m

(There is no need to express your answer as a single algebraic fraction). (4]

(b) Amy and her brother Ben are saving money together for their family trip. In the first week
of 2017, Amy saves $25 and Ben saves $2. In each subsequent week, Amy saves $4 more
than the amount she saved in the previous week, and Ben saves 22% more than the amount
he saved in the previous week.

(i) Which is the first week in which Ben saves more than Amy in that week? [2]
(i) They need a combined total of $2400 for the trip. How many complete weeks do
Amy and Ben need to save before they can achieve their targeted amount? (2]

The function f is defined as follows.

f:x!—)\/3sinx+cosx, xer O<x<u.

(i) Write (x) as Rsin(x+a), where R and « are constants with exact values to be found.
(2]
(ii) Sketch the graph of y=f (x), stating the axial intercepts, and find the range of f. (3]

(iili) Hence, solve f(x) <1 exactly. (2]

The function g is defined as follows:

V4 V4
g:xHZcos()H—j, xe ——<x<bh.
6 6
(iv) Write down the largest exact value of b, for g_1 to exist. [1]

(v)  Taking the value of b found in part (iv), show that the composite function g~ 'f exists

and solve g_lf (x) = x exactly. (3]




The line /, has equation A A and the line /, has equation X1 y—4= 21

-3 12 4 -3 4
(i) Show that /, and [, are skew lines. (3]
(i) Find a cartesian equation of the plane p which is parallel to /, and contains /,. (3]

(ili) The point A(0, a,1) is equidistant from p and /,. Calculate the possible values of a exactly.
(6]

For events X and Y, it is given that P(X|Y)=%, P(Y|X)=% and P(X uY)=%.

Find

i P(X), (3]
i) P(XuY). (2]

The power consumption of a randomly chosen Effixion laptop has a normal distribution. The
salesman at Elf Superstore claims that the average power consumption of an Effixion laptop is
100 watts. The power consumption, w watts, is measured for a random sample of 50 Effixion
laptops. The results are summarised as follows.

D (w-1000=26 D (w—100)* =273

Test whether this data provides evidence at the 3% level of significance, that the salesman has
made an understatement. (6]

The power consumption of another random sample of 50 Effixion laptops is measured. It is
found that the sample variance is 6.25. Using this sample only, find the set of values of w,
correct to 2 decimal places, for which the test would result in the rejection of the null hypothesis
in favour of the alternative hypothesis at the 1% level of significance. (4]

An unbiased cubical die has the number 1 on one face, the number 2 on two faces and the
number 3 on three faces. Adrian invites Benny to play a game. In each round, Benny rolls the die
twice. Adrian pays Benny $a if the total score is 2 and $3 if the total score is 3. However, if the
total score is 4, Benny pays Adrian $2. No payment is made otherwise.

(i) Find the probability that Adrian pays Benny at least 5 times in 20 rounds. [4]

The random variable X represents Benny’s winnings in each round.

(ii) Given that a =6, find the probability distribution of X . Hence, help Benny decide if he
should accept Adrian’s invitation to play the game. Justify your answer. [5]

(iii) Determine the value of a for the game to be fair. [1]

(a) In Country S, each household’s monthly income per capita is calculated by taking the gross
household income divided by the total number of members in the household. It is assumed




(b)

that this amount for a randomly chosen household consisting of 3 members follows a
normal distribution with mean $2601 and standard deviation $768.

(i) The Ministry of Education offers financial aid to students from households consisting
of 3 members each and with a household monthly income per capita lower than
$1800. Find the probability that a randomly chosen household with 3 members does
not qualify for financial aid. [1]

(ii) It is found that there is a 50% chance that a randomly chosen household with 3
members has a gross household income between $5000 and $a, where a > 5000.
Find the value of g, correct to the nearest dollar. (3]

Mr Tan is self-employed and his monthly income follows a normal distribution with mean
$6000 and standard deviation $1000 whereas Mrs Tan works part-time and earns a fixed
amount of $1500 a month. Their family’s monthly expenditure follows a normal
distribution with mean 4 dollars and standard deviation 650 dollars.

(i) It was found that 10% of the time they spend more than $5900 in a month. Find the
value of g, correct to the nearest dollar. (2]

(i) Mr and Mrs Tan save the remaining amount of their income after deducting their
expenditure every month. Find the probability that their monthly savings in August
and in September differ by more than $1000. (4]

(iii) State an assumption needed for your calculation in part (b)(ii). (1]

(@)

(i)

(1ii)

Sketch a scatter diagram that might be expected when x and y are related approximately as
given in each of the cases (A) and (B) below. In each case, your diagram should include 6
points, approximately equally spaced with respect to x, and with all x- and y-values
positive. The letters a, b, ¢ and d represent constants.

(A) y=a+bx’, where a is positive and b is negative,
(B) y =c+dInx, where cis positive and d is negative. (2]

The following table shows the Gross Domestic Product (GDP) per capita, $x, and infant
mortality rate, y, for a sample of 9 countries.

x($) | 1375 | 2502 | 10569 | 2966 | 11539 | 2036 | 4260 | 1433 | 7427
y 115 69 18 65 17 83 44 112 27

Draw a scatter diagram for these values, labelling the axes clearly. (2]

Calculate the product moment correlation coefficient, and explain why its value does not
necessarily mean that a linear model is the best model for the relationship between x and y.

(2]




(iv) State which of the two cases in part (i) is more appropriate for modelling the relationship

(v)

between x and y. Calculate the product moment correlation coefficient and the equation of
the appropriate regression line for this case. (3]

Use the regression line in part (iv) to find an estimate of the infant mortality rate for a
country with GDP per capita of $723. Comment on the reliability of your estimate. [3]

10

(a)

(b)

It is given that the probability that 21 randomly chosen people were all born on different
days of the year is 0.55631, correct to 5 decimal places.

Find the probability that in a random sample of 22 people, there are at least 2 people with
the same date of birth. [3]

[You may assume there are 365 days in a year and the probability that a person is born on
any of the 365 days is the same.]

A soccer team consists of 1 goalkeeper, 4 defenders, 4 midfielders and 2 forwards.

Country N has a squad of 3 goalkeepers, 6 defenders, 9 midfielders and 4 forwards.
(i) How many different soccer teams can be formed by country N? [2]
One of the defenders and one of the midfielders in the squad are twin brothers.

(i) How many different teams can be formed which include at most one of the twin
brothers? [3]

The following table shows the dates of birth of the 22 players in the squad of country N:

Jersey Date of Jersey Date of
Position . Position .
Number birth Number birth
1 Goalkeeper | 29 October 12 Midfielder | 15 August
2 Defender 3 May 13 Defender 11 July
3 Defender 17 July 14 Midfielder | 29 March
4 Defender 15 May 15 Defender | 22 October
14 .
5 Defender 16 Midfielder 13 March
December
. 29
6 Midfielder | 12 October 17 Forward
November
7 Midfielder 15 Ma 18 Goalkeeper 20
y p December




8 Forward 10 May 19 Midfielder | 5 February
9 Forward 1 July 20 Midfielder 1 March
10 Midfielder 1 April 21 Forward 27 March
11 Midfielder | 29 October 22 Goalkeeper | 31 October

(iii) Find the probability that the team formed by country N contains no players with the
same date of birth.

(4]
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AB=[-24-1 3 [=|-s{aC=|1!-13|=]-2 ;
: oy 1) 1) (a4 -2) L-1) -1 |
SRS
5 "’,“"'I‘_L""_"- - Area of AABC
Many candidates did this P —
, question correctly. = ElAB x AC| , . i
-2 L
Since M is the mid-point of AC, Some candidates wzcnsly 1 35 22 '
2 4 expressed OM as — AC. : =20 -
3 f+f 1 P 2 4 -1
1) \=2) 16 13
. oM = 3 =3 ¢ A small minority did not A Y308 ‘
-3 realize that the question - 4 ) i
asked for “exact area”, and ,
left thei 437,
R AREARE) Areof ABM = {vsnof aaac = 306 35 i
1) 1-1) {a not acceptable. !
For those wlf\_o alltemptcd to , @ 2 3 Most candidates j
express the final answer as ¢ 410 re] 3144l =5| 1eRr demonstrated understanding i
6 2 1 exact, do note that values a ' R
avi=14l 3 l=| - N -1 4 of the concept of finding MN
2\ 4 - ‘_y like —2— can be Since point ¥ is on the line 48, and using itto find 1. A
2 2 3 significant number of the \
Area of AABM simplified to 334 by ON=|3 |+al-5| for some A candidates who got the wrong
[ 4 2 4 answer made careless
= EIAB’( AM' writing 76.5 as a fraction mistakes in the following .
and rationalizing the 3A-1 arithmetic operations i.e. .
3 1 denominator. MN=| 1-54 MN =ON -OM \
=i - -1
Ml Vo+aa 2434 (3 -
_/2 — . — = 3-52 {-| 2 \
s ) 3 For MN to be perpendicular to AB. ~1+42) L-1s \
21 skl 22 _1 1= 306 _3v34 MN.AB =0 . '
el (1) 4L ¢ 4 3-1 (3 : \
1-54 |1-5i=0 L7} |
|
yz +44 4 l‘
A= 3 \
25 {=-51=0
2 (3) (3 \ \
9
ON=|3 +l -5 =l 60
-1) 2514 25 -13
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Q"ﬁ'zt e TR R
s

(a)(i) _l__g‘r;-r(r+I)—2(r—l)(r+l)+r(r~l)
I r=1 r r+i r(r=1)(r+1)
_r’+r—2(r’—l)+r’—r
r(r—l)(r+|)
a2
r{r=1)(r+1)

, -. B RS S KA ALY REXAECY Ty
I N Y R T P/ SRR L ier ey ] -ili" N

.C Dfs > gyt
Almost all students managed
to show this. Just a note that
it might be easier to start
from LHS and combine the
fraction to arrive at RHS
instead of trying to break up
RHS into partial fractions.

(2§ 2 4

=23 2
WA P2 oy ey ) Yre ey

&1 2 1
=2 — o —
§(r—l r+r+l)

=2[1_3+'

2 3

=2 l__].+_‘_.)_—_.l_..3+_2_
6 n n+l) 3 n n+l

Most students were able to
recognize that this involved
MOD. However, some
common mistakes were still
prevalent;

1. Forgot about the factor 2,
i.e.

2 4
gr(r-l)(rﬂ)
'(l 2 l)
=z LI P I,
S\r-1 r r+l
2. Did not write down the

correct leflover terms after
the cancellations, i.e either

. 1 1.
missed out — or — inthe
3 n
final expression.

3. Question mentioned that
“There is no need to express
answer as a single algebraic
fraction” but that does not
mean that liked terms need
not be simplified.

4. Some students tried to
split the sum up without

realizing that » cannot start
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from 1, eg.

Z( 12 1 )
—_—i
S\r-1 roreld

i[ 12 1 )
) L AL
lr-1 r or+l

(b))
(2

Amount Amy saves in nth week
=25+(n~1)(4)=21+4n

Amount Ben saves in nth week = ar™' = 2(1.22)""
When Ben saves more than Amy,

2(1.22)" > 21+4n

From GC,

in the 20th week, Amy saves $101, Ben saves $87.47

in the 21st week, Amy saves $105, Ben saves $106.72

Hence, Ben first saves more than Amy in the 21st week.

Or: 2(1.22)"' > 21+4n =2(1.22)" -21-4n>0
When n=20, 2(1.22)" -21-4n=-13.5<0

When n=2l, 2(1.22)" =21-4n=1.72>0

y

r
Students need to recognize
the use of GC for these 2
parts based on the number of
marks and also the nature of
the inequality which is not
easy to solve algebraically.
There were a number of
students who could not
progress after forming the
inequality.

made for both (i) and (ii):

1. Use the sum of AP and

Some common mistakes \
GP formulae for both parts. \

2. Use only the ath term
formulae for both parts.

3. Forgot cither the sum of
{ AP/GP formulaor themth |
i term formula for AP/GP. !

| 4. Take r =022, -

&

uje

Total amount in Amy's account after nth week,
=%(Za+(n-l)d)=%(50+(n—l)(4))=%(46+4n)

Total amount in Ben's account after nth week,
a(r"-1) 2(1.227-1)

r-1 1.22-1
For their total saving to exceed $2400,
2(1.22" -1)
——— > 2400
1.22-1

in the 22nd week, total savings= $2186.89 < $2400

E
|
|
\
!

|
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in th -
" 1he 23rd week, total savings~ $243833 $2400 !
- least n=23, f(x)= 2sin(x+%) =1 ‘ ‘
::;c e, their total saving will exceed $2400 after 23 L. z |
mplete weeks. Dx+—==or x-= _
6 6 6 ' |3
=x=00r 2 i i
3 1‘ bh
. =~ The set of values of x is [2—”.3) .’ I i
— : &
£ . . (iv) T Jn l i
(X)=RSI!\(x+a)=Rsmxoosa+Rcosxsina Most students are able to do this part i 8(X)=2°°S(X*g)- -—Sx<b, 1
compare with f{x) = /3 sin x+cosx correctly. , . -
= Reosa =3, Rsina=1 n
2 N B 2 *~J _ 7y !
R=\1*+\f3 =2, a=tan"' o= =2 y—2cos(x+— i
36 (—%.2) 6/ \
f(x):Zsin(x+£) . l
"\ 6 = x
* (ii y Students have to learn to read the , .
] T question carefully. Many did not label 1
( ?'2) the intercepts. Students also need to |
7 consider the domain of f and indicate i
the coordinates of the end points on the S l
‘ (0 1 Sz sketch. Quite a handful miss out the ?-'2 '
’ ( =, J open circle on both the end points. i
6 A few did not write down the range For g™' 10 exist, g has to be a 1-1 function. ‘
° although they got the graph correct, ) T Sa '
(7,-1) which is very wasteful. The largest exact value of b, is 7 ary =0 |
y=1fx) ;) I:: domain of g™' = the range of g = [-2,2]. ‘I
’ ! ge of £ =(~1,2] ¢ Domain of g™' ={-2,2) :1
The range of fis (-1,2]. , therefore g™' f exists. |
i) The key word here is “exactly”, S epn !
(2 x 2 This means that students have to show g f(x)=x, O<x<nr l’
A 3’ algebraic working to get the correct g(x) = f(x) ‘
N value of 2_;r Answers without working 2oos(x+£) = 2sin(x+£)
(0.1) \ 3 . 6 6
g N L will not get any credit. z
- |- | \ tan(x+—) =1 Many students failed to see that the
ry= \ 6 easiest way to solve this is to solve
J . x+Z-r 8(x) = f(x). Many proceeded to find
= flx) \ 6 4 ion o
[ y=Alx) \ (7.-1) . the function g™ f(x).
° X=— |
! I 12

|
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] Sx Again the key - =
1 (Note: 0 < x £ — considering domain of f and gun cy word is “exactly”. Marks
i 6 8 will not be awarded for answers without

lg\ algebraic working.
A R e T o L
TON 0 -3 Common mxsmka
B jr=ofeaj12] 2R )
IR N
i I{ N 3 - Obtained | 0 | as the direction
jLr= 4!¢_u 1], ueR ¢
! bl (—3
i Ny [N A
; vector for /[, instead of | 1 ,
o N "-3) 4) |
{ Since | 12 land | | are not parallel, /, and | - Concluded that / and /; are skew ;
X | i 1 i4 l lines without showing that they are not |
. ' { L4, parallet. !
ok are not parallel ;
i |
| {1fthe two lines intersect, there willbea | |
! unique value of & and u for the system of | i
: equations I
0} '-3\ mon i
V [0|+a ) '*yl : i \
S0 1
b ]
Sae3p=l (D '
! 12-u=4 (D |
| si-4u=0 () ; !
! ‘ i
!IUsing GC, no solution of iand u exist.
-Hmce,thelmesdonotimascct H ‘
IHmce.lmd/ueskmhm i ]
: ‘Mosx students did well for this part, |

;(u) = 2T o e e fow ahodid ot |
] Anomultop=f12 "} 1 ’=l 0J=” 0 Ignemeﬁnalequauonmanmanfom;!
L (a)1e) (38) 3

minary Examination Paper 2
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[ Tsince(t, 4. D lieson I, which is on p,
e
E ‘ 0«=7

1
;
i
|
l Hence a cartesian equation fof p is
/\L x+32=17.

W 0,0, 1)isapointon /.

l
!
i
|
|

Note that this method is muck, faster
than finding foot of perpendicular. F
from 4 to | and then taking the length of

(oY 70y 0

!,i.a!-\0\,="a“ aF.
IEIURURC

i

bi from A 1o ! Instead of factoising & outfrem
istance from A to !

. L™
CopoY =
. S most stademis TELD R
} ‘ @ 1 gt
054 1+ N
V) ; . .
== == expression using definiion e,
v =3 13 .
! S T
' 12 B T~ -
. 0 h=idal —0F —q3aV = 28
. Pog
i iN ! Cig 1
i N
! which many mistakenly simpid as 52
mstead of § o hence obtanng ond
one value of o as fral answer .o e st
(1.4, Disapointonp. step.
pe ! i
. 0 .’1\, »' -1 Similarly, this meshod 15 much faster
; i ! i 4 ’ a -3 than fiading oot \I‘m?‘
“ from 4 1o and then taking
b
i \ B l \ 0 _4\
. Distance from 4 w r
: i -1 \1 ¥ Many of those whe atiemed 1o Ind
| , M) -N'S
; a-41'0 OF and OV commitied careless
i ! 0 }\ i3l N mistakes and 1ost marks fot 0 gEUTE
p == e the correct position VeRoes and
) 3 g .
- - distances.
0
| 3
!
3
|
H
L
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Slel=3

a=232

25

Since the point A is equidistant to p and A

Raffles Institution H2 Mathematics

O T el

Qs T T T

T

I P(Xur')=t-P(Y)+P(X7Y)

.+ difference which eventually worked s

=P(XnY)=%P(Y)

P(r|x)=§
- P(XﬁY!_Z
P(X) 3

:P(xnr)=33p(x)

p(xm)%p(y)-%p(,\f)

P(xur)==
p(x)+p(y)-p(xm)=§

= P(X)+3P(x)-2p(x)=3

Ziic 8T, [ Comments O it T g
B3 P(x| Y)= ! Most students were able to do this part
2 correctly.
P(X )
e wrroent had The most common method used was to
P(Y) 2

apply standard results to obtain equations
connecting P(X), P(Y) and P(X ~ 1).

Unfortunately, some wrong formula were
scen, for example:

P(X P(X
PN = (P(;)Y). d of (P(r,))n.
P(}’l,\’)rﬂ% insteadofﬂ%q,

and most frequently,
PXUDN=PX)+PN+PXAY)
instead of P(X) + P() - P(X N ).

Interestingly, there were a few students
who used their GC to solve the three

1 2
equations, obtaining P(X) = 7 P(Y) = 3

andPXn1)=3 all at one go.

=P(X)=3
e(xny) -2p) =§(5')=31
£ 4

Xut!

Significant fewer number of students
were able to handle this part well.

The most common problem was the
failure to understand P(X L ¥*),

A large number of students tried to
simplify it through the result
PXUY)=PX)+P(Y)-P(XN YY),
but often end up with a complicated sum

Totest H,: =100 vs H,: u>100

n=50
Using a ; - test,
p - value =0.0550 (3 s.f)

— 2
Under H,, W ~ N(yo,’—] approximately where 4, =100 and
n

Since p - value = 0.0550 > 0.03, we do not reject H, and

conclude that there is insufficient evidence, at 3% significance
level, that the salesman made an understatement on the average
power consumption of the Effixion laptops.

-_i,(_l.',l 1 be P(7") instead.
3t2) 3 Those students who drew 3 Yenr.
2 diagram were generally quick and
3 successful 1n identify ing the correct
region and thus were able o obtan the
! correct ansaer rather eﬂmenLu’
) .
ong/ - Comments
> Define »c ur
L  Let X = =100 Then we have }:x 26,3 ¢ =273 Ry
| W:LvaIOO-z—6¢IOO-10fJ 52 YOU aTe L Uy
50 50 W
: = "=_l_ Z 2 (Z") Do not confuse u
- B “with & 1 we
| 26 ¢ know the
= 76( 27 50 ) + population mear.,
) : there would be no
=5.29551

: need to perform
; hypothesis testing.

Perform a 1-tail test at 3% level of significance. l‘

| W is normally

! distributed, so do
' not quote CLT.
. However, there is
| still an
approximation due
to use of the
| unbiased estimate
i of population
variance

2017 Y6 H2 Math Preliminary Examination Paper 2
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[4] | Totest Hyt =100 vs H,: u>100

Sample variance = 6.25

si= ;'"Tl[samplc variance]

|
\

Perform a 1-tail test at 1% level of significance.

Sample variance is
neither population
variance, nor its

unbiased estimate.
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P(I > %)< 0.01 where 7 ~ N(loo,6'37755

=P(W <#)2099
= 7% 2100.8308

Or z-value2z,q,
w—100
6.37755
50
w2100.8308 (4 d.p.)

223263

0 ) approximately

Set of values of # is {weR:#>100.83}or {(weR:w2100.84}

2017 Year 6
=306.25)= 637755
49 Note the
alternative
In order to reject H, at 1% level of significance, we need hypothesis is
right-tailed.

Standardisation is
not necessary, as
parameters of ¥
are assumed to be
known in the test.

Due to rounding
off, 100.83 is not
within the range,
while 100.84 is.

Ty RO R R o Comments, .o
[0] This is NOT the usual 6
4] Die shows 1 2 3 sided dic. Using a table
1 1 1 of this form will heip to

Probability | g 3 2 determine the total score

P(Adrian pays Benny in a round)
= P(total score is 2) + P(total score is 3)

=—Ix-l- +(1X1J2
6 6 3

Let ¥ be the number of rounds, out of 20, that Adrian pays
Benny.

5
~ Bl 20,—
d ( 36)

P(Y25)
=1-P(Ys4)
=0.134 3s.f)

of 2 rolls easily.

For P(total score is 3).
there are 2 cases :
1*roll | & 2™ roll 2 or
1% roll 2 & 2™ roll 1.

Define the random
variable ¥ properly and
state its distribution.

Be careful when taking
the complement as the
GC can only compute
P(Y < k) and not

P(Y <) for Binomial

Distributions.

2017 Y6 H2 Math Preliminary Examination Paper 2
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2017 Year 6
(i) . 1) 115 Method 1 is faster, but it |
151 P(total score is 4)= (3 xE)Z + Sx 3% does not “help to check™ |
. that you are on the right |
Method 1 5 L hte ‘
P(total score is S or 6) =1 —(— b= +—) == Use Method 2 (unless |
36 9 18) 12 finding this probability ‘
Method 2 is way too long/tedious) |

to hel heck that

P(total score is § or 6) -(lx-‘-)?,»rlxl:l 0 help you check (i
7277 SP(x=x)=) l

Given : X represents Ben

\

| Many did not realize :

that x can be zero. Do
check that

ny's winnings in cach round

Y P(X =x)=11fthe |
probabilities do not add

Cx Tel3lalo]
lrr=n [ 56| 5 |5 15 |
B0 =12

Since E(X) <0,Benny i
Thus, Benny should not
game.

|
|
up, check the individual |
probabitities and also |
re-evaluate if there were |
missing x values.

s expected to lose in the long run. E(X) is the long-run
accept Adrian's invitation to play the \avcrage winnings of

i
i
1

Benny in one round ‘
Thus, E(X) <0 does '

| not imply that Benny is
expected to lose every !

round. ;

(i) | For the game to be fair,

i a
—
36

E(X)=0. ‘\

1

! e
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2017 Year 6 Raffles Institution H2 Mathematics 2017 Year §
‘(Q!:';g‘{‘;gf o :Tf;.’*‘r‘:':"'... Sty ii‘:"_:' R AR st ey g - T Tay Some did not find the \
ai) i Let X be th ; daaali R A Dl Pl g Rl ] Bi) | Let ¥ be the random variable denoting the family’s | Some did
[1} househ;ld :n:)n;:me:mal‘m,denotms the A significant number o}f ) (l4| ! monthly saving in dollars. W =T +1500- ¥, where | distribution of the :
randomly chosen f:mi ICE?:Z in dollars of a students misread the question T denotes Mr Tan's monthly income. DlFFERENCE between 2 i
Then X~ N(2601 768}) ountry S. and found the probability to be Then W ~ N(7500 - 5067,10007 +0+650") :‘:r“r‘n;aums sign: ‘.
e E(X>|800) =0.852 (3”.- less than 1800 dollars instead. . i.e. W~ N(2433,1422500) 1“
(l;;l) inectoy be the random variable denoting the gross Many made the mistake of and #, -H, ~ N(0.2845000) !
A fanr:‘:;?ni?yl\lt;.:s of a randomly chosen family with | ¥ = X, + X, + X,, which is the = P(W, - W,| >1000) , " |
rs. ’
Y =3X ~ N(3x2601,9x 768" sum of the income per capita of =2P(W, - W, <-1000) : l
19%768°) three randomly chosen =0.553 (3s) reseSN NSy \
=Y ~ N(7803,9x768%) households. The correct ~1000 g 1000 .
P(5000<Y <a)=05 relationship can be derived (biii) | 1t is assumed that Mr Tan's income and the family’s | We need to assume i
= P(Y <a)-P(Y <5000)=0.5 from the first line in the f1] | expenditure in a particular month are independent. | INDEPENDENCE to be able 1o |
=P(Y =0 . uestion as X = Y Alternatively, Mr Tan's income and the family’s add and subtract normal '
<a)=0.5+P(Y <5000)=0.61188 q =3 expenditure in a month are independent of what he | distributions to obtain new ,‘
=P(Y <a)=0.61188 A number of students assumed camned and how much the family spent in another | normal distributions. ".
=>a=8458 (o nearest dollars) symmetry which is not true. month. ;
ive; Many did not get the correct
P(5000<Y <a)=0.5 relationship of the probabilities. ‘=Qn MR - u Yl Comments 2
5000 a A sketch of normal distribution = PO - >A Trandfol of stadents
Pl 2 c x <2 1=0.5 since Y =3x curve may help. ) For(A): y=a+bx’, witha>0 and b <0. \ andtul of students -
3 3 , 12} ‘ plotted points on the
a 5000 Y axes though the ‘
:P(X <—)-—P(X<—)=0.S 0.5 questions asked for
3 3 | ol X x positive x and y
=>P(X<§-)=0.5+P(X<$)=o.el188 '\ *x values. |
X
a > A number of students !
= —=2819.28 (2dp) 0\ x also plotted more d
3 than 6 data points. |
=>a=8458 (to nearest dollar) 5000 7803 4@ i

i i . i For(B). y=c+dlinx,with¢>0 and d <0. | Students should take
(bi) | Let ¥ be the random variable denoting the family’s | Common mistakes:

" ¢ > y note that the data
[2] | monthly expenditure in dollars. - Some did not find the x ‘ points should not lie
Then ¥~ N(u, 650°) probability on the left x \ close toa straight |
P(¥ >5900) =0.} tail. Note: for invNorm x ! line to clearly "
= P(V <5900)=0.9 on T1 84 Plus C SE, the x illustrate the
5900-u 9 z;a ilses'llgiig g?lm the x relationship between .
=PE<Tgs5 =" - Some did the o - |ty
From GC: P(Z <1.28155)=0.9 standardisation wrongly
5900- 4 _ #-5%00
—— L =].28155 as 550
= u = 5067 (to the nearest dollar) Those who arrived at the
answer 5067 with both of the .
above mistakes were not
awarded full credits.
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H fofan mosally mi. Ra0 . . TComments -
- y Students should / () | Complement Mcthod: It is inappropriate 10
ensure that the scaiter {'} 131 A Probability describe the distribution |
HsT =% plot is sketched to ™ =1 - P(22 people were all bom on different days) of the number of people
scale. Many scatter . 165-21 | who shares the same date
% plots were out of =] - P(2] peopie were all born on different days) > 365 of birth as someone ¢lse in
Xy proportion. 144 the group as following the
N w]-0.55631x— Binomial distribution
365 There may be mpre than
7+ x X x = 0.476 (3sf) one common‘date of birth!
4. »
+ Alternative method:
o 1378 11539 per caplta P(at least 2 with same date of birth in 21 people)
8 + P(21 people all born on different days and 22" person
i i [
@it) [ From GC, the product moment correlation cocfficient is Many students fail to shares same date of birth with sgr;neonc clse)
[2) | -0.898 (3s.f). Since —0.898 is close to -1, it suggests a strong | ¢laboratc on the = (1 - 0.55631) + (0.55631) x ==
ive li : : implication of the
negative linear correlation between X and Y. However, it can val[; ¢ of r in relation FM) \ Number of ways = 3C; x éC4 x °Ca x 1Cy = 34020
be observed from the scatter plot that the values of y are 10 the linear 2]
decreasing at a decreasing rate with increasing values of x, lationship betw () | Complement Method: 1 1) Read the ¢n carefully!
hich wi . - relationship between 131 | Number of ways Qn asks for number of
which will not be the case if the data follows a linear model the variables. They . o ;
X . . . T = n(teams formed without restriction) teams with at most one
(the decrease in y should be approximately constant for a linear | also did not mention

odel - n(teams which include both twins)
model). =34020 - 1C) x C3 x *C3 x *Ca

= 34020 - 10080 = 23940

twin brother, not both twin
brothers and not exactiy
one twin brother. '

the behavior of y as x
increases. Many
simply mentioned
that the scatter plot
does not exhibit a
linear relationship,
(iv) | (B) is the appropriate model. Most students did

13] | Using model (B), the product moment correlation coefficient is well in this part of

2) Complement method is
more cfficient since it |
only involves one case.

Alternative method:

Number of ways

= n(teams which include the twin defender and not the twin
midfielder) + n(teams which include the twin midfielder and
not the twin defender) + n(teams which do not include both

the question, except . .
-0.978 (3s.f).
0978 (3s.£) for those who had lw)ms) 5 . A N s . .
From GC, y=430.30-45.010(lnx). made errors in their =30 x 3Cax ¥Cyx *Ca+C x Cyx 3Cu x C;
- y=430-45.0Inx (to3s.f) data entry. ’ +3C % 3Cy x 3Cy x Cy

= 6300 + 12600 + 5040 \ B
Students are i)\ | et A denote the event that player | and player {1 are bothin | 1) Qn asks for probability,
ren)mded to leave 141/} the team. \ not number of ways.

their final answers in Let B denote the event that player 4 and player 7 are bothin i 2) There are many

3 sf (unless specified the team. ! different methods

Ptherwist".). Thus, . n(A) = ¢Ca x 8Cy x *C2 = 5040 \ available for this par, but
intermediate working

least 5 n(B) =3C, x 5C3 x *Cy x *C1 = 10080 no matter which one you
:l;ould be at least n(4AB)=5Cyx'Cyx*Ca= 1260 apply, do always check
: whether vour cases are
(;') Ata GtD: pc;:apita of $723, the infant mortality rate is :}lzr;z\:tclidgrzjtz:?re‘d 3 - B(AUB) = 5040 + 10080 — 1260 = 13860 m:u:‘a‘ll) :\Xdu-&hz(‘cb\ )
estimated to h : . . i whether there is “double
B 430,30 - 45.010(1n 723) = 133.98 (55.£) =134 (35.) (i¥) 10 obtain the Hence required probability = | - Soust = 37 counting) There is anced |
Since x = 723 is outside the range of the data values, the ;‘sr?m:tt‘:dctvsatl::h?ry‘ 1o account for the
is affe

estimation is not reliable.

accuracy of answers.
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duplication.
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