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2017 MATHEMATICS HIGHER 2 SPECIMEN PAPER (SYLLABUS 9758) Paper 2

Section A: Pure Mathematics [40 marks]

I (i) The function f is defined as follows:

f :x r+ 3 cosx - 2 sinr, xeR,-zi3x<n.

Write f(.r) as Rcos(x+a),whereRand a are constants to be found' Hence, or

otherwise, find the range of f and sketch the curve. t4l

,,

(ii) The function g is defined as follows:

g:.r H 3cosx - 2 sinx, relR,-a<x<b.

Given that the function g-r exists,w te down the largest value ofD. Find g-r(x). t3]

The first four terms ofa sequence of numbers are 3, 1, 1 and 3. S, is the sum of the first n

terms ofthis sequence.
(D Explain why S, cannot be a quadratic polynomial in r. l2l

It is given that S, is a cubic polynomial.

(iD Find S, in terms of n. t4l

(iii) Find an expression in terms ofz for the rrth term ofthe sequence. t3]

3 (a) The angle between the vectors 3i - 2j and 6i + dj - rfTk is cos-'

Show that 2d'? -117 d +333 = O. t3t

0

(D
(ii)

With reference to the origin O, the points A, B, C and D are such rhat Oi= a , OA =A,
AC =5a and ED =3b. The lines lD and.BC cross ar E (see diagram).

Find OE in terms of a and b. t6l
The point F divides the line CD in the ratio 5 : 3. Show that O, E and F are collinear, and
ftnd, OE: OF. 14)
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4 (i)

^ dv d2v d3vuevaluesot --.-. --_1 and __+whenx=0. 
t6]d-r d.r' dx'

Write down the first three non-zero terms in the Maclaurin series for tan(e2'_l). tl]
The first two non-zero terms in the Maclaurin series for tan(e"-l) are equal to the first
two non-zero terms in the series expansion of e^ ln(l + ru). By using appropriate
expansions from the List of Formulae (MF 26), find the constants a and n. Hence find the
third non-zero term ofthe series expansion of e* ln(l+zr). for these values ofa and n.

t4)
Section B: Probability and Statistics [60 marksl

5 This question is about six couples. Each couple consists ofa husband and wife.

The 12 people visit a theatre, and sit in a row of 12 seats.

(r) In how many different ways can the 12 people sit so that each husband and wife in a
couple sit next to each other? 12)

(ii) In how many different ways can the 12 people sit so that the 6 wives all sit next to each
other, and none ofthe wives sits next to her own husband? t3]

The group decides to form a commiftee to arrange future outings. The committee will consist of 3
of the 12 people. At least 1 of the wives will be on the committee but no husband and wife couple
will be included.

(iii) In how many ways can the committee be formed? t3l

Given that / = tan(e"-1), show that 9=rcr,e*yr),where&istobefound.Hencefind

(ii)
(iii)

6 Giant pumpkins are often inegular in shape. In order to account for the different shapes of
pumpkins, growers of giant pumpkins measure the size of a pumpkin by a combination of three
measurements, called the 'over the top' length. Pumpkin growers keep records so that they can
estimate the mass olgiant pumpkins while they are still growing. The over the top lengths (d m)
and the masses (ln kg) ola random sample of 7 giant pumpkins are as follows.

d 2.31 2.9 4.05 5.5 6.7 7.92 L17

tl l1 t4 4'1 104 170 282 449

Draw a scatter diagram of these data, and explain how you know from your diagram that
the relationship between m and d should not be modelled by an equation ofthe form
y= ax+b. L2)

Which of the formulae m = edz + f and vn = gd1 + h ,wherc e,f,g and h are constants, is

the better model for the relationship between m ar,d d? Explain futly how you decided,
and find the constants lor the better formula. t5]

(i)

(iD

(iii) Use the formula you chose from part (ii) to estimate the mass of a giant pumpkin with
(a) over the top length 6 m,
(b) over the top length 12m.

Explain which of your two estimates is more reliable. t3]

\
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7
,Bings, are sweets that are sold in packets of 6. Each packets is made up of randomly chosen

coloired sweets. On aver age 70%o of Bings are yellow'

(i)Explainwhyabinomialdistributionisappropriateformodellingthenumberofyellow
,*""t, in a packet' firi trc p."L"UlfitY tfrat a randomly chosen packet of Bings *"&'it
no more than one Yellow sweet.

(iDKevbuysg0randomlychosenpacketsofBings.Findtheprobabilitythatatleast80of
th"." pa"ket, contain no more than one yellow sweet' 121

on average the proportion of Bings that are red is p. It is known that the modal number of red

sweets in a packet is 2'

(iii) Use this information to find exactly the range ofvalues that p can take' t4]

A bag contains 3 blue counters, I red counter and y yellow counters. Darvina chooses 3

"o*tir. 
pt random from the bag, without replacement. The random variable S is the sum of

the numbler ofblue counters chosen and twice the number ofred counters chosen'

(i) Showthat prs=}= 6(3Y+1) 
P)

(Y + 4)(Y + 3)(Y +2)

'(iD Given that f(s =:) = fr, calculatey. Hence find the probabitity distribution of S. t6l

A type of metal bolt is manufactured with a nominal rad.ius of 0.8cm. In fact, the radii of the
bolis, is measured in cm, have the distribution N(0.8, 0.012).

(i) Find the percentage ofbolts that have a radius between 0.79cm and 0.82cm. tl]
Metal washers are manufactured to fit on the bolts. The inside radii of the washers, measured in
cm, have the distribution N(0.8 I , 0.0121.

(ii) Write down the distribution of the inside circumference of the washers, in cm, and find
the circumference that is exceeded by 5% ofthe washers. t4]

A bolt and a washer are ' a good fit' if

o the inside radius of the washer is greater than the radius of the bolt and

. the inside radius of the washer is not more than 0.04 cm greater than the radius of the bolt.

(iiD A washer is chosen at random, and a bolt is chosen at random. Find the probability that
the washer and the bolt is a good fit. t3l

The outside radii of the washers, measured in cm, have the distribution N(p,o'). It is known
that 15o/o of the washers have an outside radii greater than l.25cm and 25%o have an outside
radius of less than 1 . 15cm.

9

(iv) Find the values of p and o t4l

8
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10 The average lime required for the manufacture of a certain type of electronic control panel is I 7hours. An altemative manufacturing process is triaflea, ana the time tut"n, I t ol.,r* tn"manufacture ofeach of the 50 randomly chosen panels using the altemative p.o".., ir.""ora.a.
The results are summarised as follows.

n=50 \t=83s.7 \t, =ruoatn

The Production Manager wishes to test whether the average time taken for the manufacture of
a control panel is different using the altemative process, by carrying out a hypothesis test.
(D Explain whether the Production Manager should carry out a i-tail test or a 2-tail test. [l]
(ii) Explain why the Production Manager is able to carry out a hypothesis test without

knowing any'thing about the distribution of the times taken to manufacture the control
panels. pl

(iii) Find unbiased estimates of the population mean and variance and carry out the test at the
10% level ofsignificance for the Production Manager. t6l

(iv) Suggest a reason why the Production Manager might be prepared to use an altemative
proc ets that takes a longer average time than the original process. tl]

The Finance Manager wishes to test whether the average time taken for the manufacture of a
control panel is shorter using the altemative process. The Finance Manager finds that the
average time taken for the manufacture ofeach of40 randomly chosen control panels, using the
altemative process, is 16.7 hours. He carries out a hypothesis test at lhe 10Yo level of
significance.

(v) Explain, with justification, how the population variance of the times will affect the
conclusion made by the Finance Manager. t3l

END OF PAPER
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Mt: Atternpt to use R

formula

Al For both R and a

A I For bolh R and a

Qn (;oidrtrcc

2 (i) 4 is alwa)s ooe degec less than & si8c€ I, = S. - S,_,

s. quadraticwould imply that ?: is linearbul 4 is not.

BI
BI

S,= ont +bnl +cn+ d
Ml one setofvaluos

substituted.

Ml3,4,5,8

2

Cuidance
Qn

f (r)= 3 cos r - 2sinr

Ml: Recall R-fofmula:

, "or, - r .in r = Jill7 
"o,

/ r\
R = Jrl , a = rar'[:.,}= 0.588

M2: Compound angl€ for cosine

R cos(r+ a) = R cos rcosa - Rsin rsina

'Rcosacosr- Rsln a sin x

Rcosd=3,Rsina=2

(Rmsa)'+(Rsina)'= R'?

11 +21 -- R'1

R=JiI
Rsind 2

r+fan-'l

Rcosd 3

2

3

" = ,- '(])= o.stt

f (r)= 
"/i5 

cos(r + o.ss8)

R=JiJ.a=0.588

I (i)

Skctch with ma\ ar ( 0.588..,riJ)andminat

(z-0.588,-r4J)

),

(-o.sss, 
"m )

n c ri

-l (?r-0.ss8,-Jil)

Bl oos (.1rve wrth

max ar ( 0.588. Ji3 )

and mln at

( 2,0 s88. ,Jr3)

Rarrs€ of f is I -Jt 3 , JiJ l RI

l (ii) Largel value ofD is z-a BI

y= JD cos r+ tan I ?
l

, 1 ,2r=cos 
Jl3-tan -

g'(r) = ms-'(J;)-0.s88

Ml: Anempl to make
x the subject.

.\l

1

l

Ml: working to solve

irrR I

I

l

1

(ii)



t=o+b+c+d-3
S,=8a +4b+2c +d = 4

s, =a(3)' +D(2)'1 +c(2)+d =s

s. =a(lf +a(l)' +c(a)+a =t
'I t4

Utns GC S"=-r'-2n'+:n

Al All €quations arc

correcl

AI

(iii) T"

-!n, - zr, *!r-33
= n1 -5n+7

[1,-,y 
-11"-ry -f 1,- r1]

Ml: Anempt to fmd

.s -s .

Al Expression for

s,-,

AT

l(ai 3

0 Iil lr

3

-2
0 llltt

6

l. ll,

- 

-(

l8-2d=rll31116+d'+Zl
l3

,E[3 4
3

)'

)=,*
,,(

,r(

3

n,f,-,,)= o,*,'

111*E{ 261=43a1,
9

1e tU)- 266 =43a7,
9

zd1*fiid+333=o
(b) (,) EE =-b+62

AD =4b-t
Al r, a +r(4b-a) = b+/(-b+6r)

5
l

23

3
'23
d=18"*2oo23 23

BI
BI
MI

AI
AI

AI

Ml: Anempl lo apply

a.b = lallulcos a

Al: Simplificalion

l\tl

AI
AI

BI

('i)
oF = oa + ll-ee+ +tr)8',
oF'2,n!u42
O, E and 1_ are collinea, s;ncr Ot- = fOE
OE= OF =8:23

MI

AI

BI
AI

f =z*'[r-r,]

Q=q.''Ir*,,]*2,9:.,'dr' ' J'dr

=2!2* as" '9dx -&

=z{l*zt'i
!; = zff | - ze. r). z 

fl (r.",. 2." 9)

ranle'' - 11. 21. -4 rr * ?1 ,' - 2r. 2,, t o,'23

4(i)

(ri)

.1

wheni=0.

dy^
dr

d'v 
=

--+=8+16=24

/ = tan(e"-l)

Q=2"".""'(.,-r)

= ze'It + un'{e" - ry]

= te" Ir + y']
k=2

l
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M I : Attempl to apply

the series expansrcn

BI

AI AI

"[,.^-+.+)[^ 9"91

ComparinS the abovewith 2x+Lrt: a=2'n =2

e- ln(l + n )

8

3

I t^t' .l
12)

(iii)

Mlr 6!x26

A1
5(0

5 options Ordering of6

Supposethe

Orderingor6 5 options orde.ing of
5 left over

6Y5x5lx2=864000 - (1)

('2' ls for havinSthe wives at two d ifferent ends)

5x6!xlx4lx5-(2)
4l:orderin8of the left over of4 hutbands

5: you can fillup the two boxes of four slots in the following

manner => 4 + 0,3+ 1,2 + 2,I+ 1,0+4

Wives not at cnd 01 the row

6!x26 = 46080

Not f,2Orderingof6

Supposethe
order is

Ml: wives together

at one end

Ml: Wives not at end

ofrow.

4 x 6k4x 4t 5- (3)

( )

4!r ordering of the left overof4 husbands

5: you can fillup the two boxes offourslots ln the followinS

manner => 4 + 0.3+ 1,2 +2,1+3,0 + 4

Totalnumber ofwayr r Adding express ion (1)+ (2)+ (3)

.267a4OO

('n) lt2\ /6\I l-6x l0-l l= 140(3' l3l

(?
6xl0

unrestricted ways to select 3 people from 12

no. ofwalsto select the 3 people with a couple

included

I l: No. of ways ro select such that all 3 peopre ere
trl
husbands.

llll: One conect temr

Al: lndividual terms

are corect

Al: I40

6('

\9.17,4491

(2.31,11)

The scatterplot showsthatas dincreases, m increases at an

increasinB rate-

(ij) For the cubic model:r= 0.9995

For lhe square model: 0.9889

Sinc€ lrl is closer to I i! thc cubic mod€l compared to the

square mode. rt has a sEong linear relahonship.

n = 0.512dt +3 74

BI
BI
BI

I .RI

(ii0 (a) 121 .3

lb) 992.2

The first ooc, srnc€ the second one is outside the ranSe of
rhe given [2.31,9.17].

BI
BI
BI

7(0 The probability of a sweet bein8 yellow is constanl (0. I ).

A sweet is either yellow or not yellow - two outcomcs.

nl

Bl: d increa5es,.,

increasing rate,

65
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On

t 0(i)

l0(ii)

l0(iii)

Th€ Produclron Manage. should usc a 2-1ail l!\t because

he s looking tbr a change in cifier llav.

Sinc. the sarnple sizc, = 50 is large. we can apply
Central Limit Theorern to slate lhat lie sample mean
time taken to nranufactute the conlrol panels follor+'s a
normat distribulion approximately.

Unbiased estimale ofthe population mean

=!tr2
50

= t6.711

l]nbiiLs€d estifi ate olthe population variarcc

Guidan(c

BI

lr2

I0(v) BI: I -tailcd resr

Ml: Set up inequality to
reject Ho; allow sign crror

l'is 14067 I7-:--
50

= 2.026127

= 2.03 (3 s. f.)

H,

p t17

Theorem, l'- - N

Bl: For both .orrcct

Bl: Conect null and
altemative hypotheses

II

Level of signillcance : 109i,

Under IIo, sinc.e , 50 is large, by (lentml l-amit

(-- 2.026t2i \
lannroxrmrlelv

\ 50 .1 "

Test statistic:

z = 
=-!l: 

- Nro r) anriroxim,rerv
12 026121,/1/ 50

lising (rc,p-value - 0.155 (> 0.l)

B I : Concct distnbution for
sarnple mean time

l'hus, we do nor reject Il,, and concludc that there is

insufficient elidence rt l0% lcvcl of si!$itjtance ro
claim lhal the mean timc taten for the manufacture ol'
thc control parel is difTerert using the alteruative
process.

tsl:Conrpde p'value wrlh
significancc levcl or:
vahrc wirh: critici valuc
.= -1.645

tslr Conclusion iD the
conlexl ofthe qucstion

I0(iv) process may produce control ponels of
betler qualif", or the proccss mav require fewer other
resources (other than timc)

H,, !=17

H, : lt <17

Lcvel of signifiirance : lO%

Under Ho, sinc€ r = 50 is large. by Cenrral Limit

n*r... r - :'llrz.dl ooorn..,-u,.t,
[ 40/ '

TcsMalinic.

7- !11_ N (0,1) approximatcly

6
To reject llo,

16 1-tl
_< t.28t55

!ao
.. (tt,i ti]' -- vcr' sl-- lv40\ 1.28 r s5,

=o'<2.)9(3s.f.)
The Finance manager will conclude that the a.hemalive
process takes a shorter time to manufacture the control
panels if th€ population variance is al most 2.19

ill

71 72

B I : Cored interprelation

l

i

I

I

]", .n.,..,r.,"'u. o, 
=

I 
value = 142075


