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1)

The function f is defined as follows:

f:x—>3cosx—2sinx,xeR—1n<x<T

Write f(x) as R cos(x + a), where R and «a are constants to be found. Hence, or otherwise,

find the range of f and sketch the curve.

(ii) The function g is defined as follows:

[4]

g:x—3cosx —2sinx,xe R, —a<x<h.

Given that the function g~ exists, write down the largest value of b. Find g~* (x). (3]

. P()= 3 cosx ~RsinX

Let Reos(x+a) = 3 cosx — SinX

R cosx coset — RSinXSina, = 3 cOSK - 25inX

By Conlfla/mg Cocd?ﬁfw\fd:

This method warks

KCOJ-%:‘B @ fﬂ?'f‘%}bw}!ﬂoéc
R Sina = @ < nol remember
Q_ a 'f}Lw K"%’YW
o P na =3 |
A= fan,*’-;— = 04588 radian .
@' +@": Rcos’w + R*sin*q = 3*+2*
: R*=13
R =413

Hence, f(x) =73 cos(x + 0.588)

/*" (5 K=,
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ii). &rm the above W;

b= 1r-0.583
Let y = J13 cos(x +0-588)
cos”!( FZ.,? ) =x + 0588
2 %= -0.588 + cos (T5)
g-'(x)f ~0-588 1 cos™ g B x <113




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

sequence.
(i) Explain why S,, cannot be a quadratic polynomial is n. (2]
It is given that §,, is a cubic polynomial.

(ii) Find S,, in terms of n. (4]

(iii) Find an expression in terms of n for the nth term of the sequence. (3]

) let $n=an* + bn + ¢
Msl=a+b+c=3_"—@
G =4a+26+C=4——@
$3 =Ja+3btc =5 ®
L(sinﬁ GC: a=0,b=1,0=2
l}a 0, fﬂmfncmthaﬁmwc

po/ nomial

i) Let Sy=an®+bn*+cn+ d
S,=a+b+6+ C£=3

@
$=8at4b+2c+d =14 @
$3=32%a+9b+3c+d=5 @
4= 64a tl6b+tctd=g——0@

qunﬁ GC’Q=§L)6='2)C"-.%,J=0
Hmce Sn=3n-2n+%n
l”) Tn (S.’LI -
(‘Ln3 2n # ‘in) [$(n-0*2(n-D*+% (-1 ]
P "'2?12+§n—j1f’/+3n‘-27n+;
=n*-8n+7




3 (a) The angle between the vectors 3i — 2j and 6i + dj — V7k is cos™* (:43)
Show that 2d? — 117d + 333 = 0. (3]

(b) D

0 3 A C

With reference to origin 0, the points A, B, C and D are such that
OA =a, OB =b,AC =5aand BD = 3b. The lines AD and BC cross E (see diagram).

(i) Find OF in terms of a and b. [6]

(ii) The point F divides the line CD in the ratio 5 : 3. Show that O, E and F are collinear, find
OE : OF. (4]

a). Llet gj =(—§:) and —B=(_§/$)

o= as[(3)-(3

[ oo

18-2d = £ A3 IBTI

(18-2d)* = o (13)(43 H2)

334 -72d + 4d* = BE 4 36 42
4212 - 93¢ d + 5243 =/m> +36d*

16d* - 936 d +2664
2d* - 11#d + 333 =

cos™ &
13

!

0

(shown)



6)1 6”/‘%0/4 a cwla_é=

then Gt = Ba  and G} = 44
Bﬁ Faj(o theorem, :

OF = AL + U-2) 53
=612 +U-Db—()
5‘-’5 "'/10791‘ (I—-/u)a_;;
~‘-Cl-—/t)£+4,ub P
mparing Goefficients < 64 =1 - [-) = 4 ——
mpacing g 1t e p—0
Sub@ indo @: 1-(¢-4p) = 1
TR
6‘+/,c=.24/4
K= 55 .
2 A= &4
— =53§
Hence, OF = 6 (%5 a+(l-%)b
= 0
Hatgh
'i 0—;:5‘5’;30_&_ .i({b).f..ﬂ(éa)_.?b-f-}ﬂal
=2[lEa+ )]
=23 ;72
5 0

Jince oF = o_E and both contaiu Hhe
Oom:rwn/)omtO Haea O, E and F

OF :gF =8:23

are Go//l}wﬁl'.




4 (i)

(ii)
(iii)

Given that y = tan(e?* — 1), show that —= dy = ke?*(1 + y?), where k is to be found. Hence

2
find the values of— 27 nd —when x=0. [6]
Write down the first three non-zero terms in the Maclaurin series for tan(e?* — 1). [1]

The first two non-zero terms in the Maclaurin series for tan (e?* — 1) are equal to the first two
non-zero terms in the series expansion of e** In(1 4+ nx). By using appropriate expansions
from the List of Formulae (MF26), find the constants a abd n. Hence find the third non-zero
term of the series expansion of e** In(1 + nx) for these values of a and n. (4]

D). y=tan(e® 1)
% = sec’(e**-1) - 26

=2e2% [ 1+ tan*(e*-))] = 0262"(!+y
L =7

Bq imp li it M#md:aﬁm wrt x:
5;} 262 ( ﬁ-‘%)%(ﬁf}(‘i‘eﬂ)

él—j _.,zcz"[,? §4+j‘g‘[2 ﬁ)_ﬁ( 2 5’{)(43”‘)

+(f+j*)(e?e”‘) + Mc"‘)({y )
Whea x =0
:m(OJ =(
% = ,2(!7“ 0) = o
ﬁz = 3(0) t (f)(‘f') = 4'
‘1‘&3 253] + (@4 + (1(8) t 4(0)
=2

i), fan(e** 1) = ax + ,—g“j(x‘) + ’242{ +
= (@ dx f gyl

I

=(I+ax + % a’x +jra’x + )(nx *n*x +jnx+)
=nX - 3nxF anx®+ 330 -Fan’x? + fatnxs-

b# Ccomp aring cotfricealy of x ond X*
A 4

“Fn*tan = 2

~271da =2
A =4
A= 2

COZ& X’ 3'[713 tan’+4 q2n
oﬁ 3(6) - *(3)+f(8)
4 3

] 'r‘érfﬁﬂ Pﬂpﬂ:‘;“gm l'{:)ei.lr.mm-ﬁ H-Lg %n‘.'




Section B: Probability and Statistics [60 marks]
This question is about six couples. Each couple consists of a husband and a wife.

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

(i) In how many different ways can the 12 people sit so that each husband and wife in a couple
sit next to each other? [2]

(ii) In how many different ways can the 12 people sit so that the 6 wives all sit next to each other,
and none of the wives sits next to her own husband? [3]

The group decides to form a committee 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? [3]

"TODODDDD

6! x 2¢ =46080 Ways.

a.r:}ge each couple

o +w hu? " 5 wlzgs %mae,tm
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row J n eaﬁo&
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6! x 1 x 5! = 86 200

< fotal no. of ways = 264000+ [1036 800 + 691200 + 86400]
T 2678 F00
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Giant pumpkins are often irregular 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 of
giant pumpkins while they are still growing. The over the top lengths (d m) and the masses (m kg) of
a random sample of 7 giant pumpkins are as follows.

d 2.31 2.9 4.05 5.5 6.7 7.92 9.17
m 11 14 47 104 170 282 449
(i) 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 of the form y = ax +
b. [2]

(ii) Which of the formulae m = ed? + f and m = gd® + h, where e, f, g and h are constants, is
the better model for the relationship between m and d? Explain fully how you decided, and
find the constants for the better formula [5]

(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 12 m.

Explain which of your two estimates is more reliable. [3]

N M
(i), /
i

X

[l J ‘xl 1 1 1 1] i 1 i
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ar d hnceanes , m hoeases ol an
:hcreas/‘rﬁmftfv;m m and oA olo
nof j—v/aw a,erw‘f(fA}La model. .

i) For m=ed'+f - r= 0-988890055 1
For m:gd3,c A i =0 7‘?‘7'57‘“;26
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'tof,l‘lf&lf}tﬂ.wrmo .

grom GC: m= 057165 d° + 3-7#31
m= 0.572 d3 + 374

(i), (a). Whern d= 6 m, m= 129.22 = 12%4
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‘Bings’ are sweets that are sold in packets of 6. Each packet is made up of randomly chosen coloured
sweets. On average 10% of Bings are yellow.

(i) Explain why a binomial distribution is appropriate for modelling the number of yellow sweets
in a packet. Find the probability that a randomly chosen packet of Bings contains no more
than one yellow sweet. [3]

(ii) Kev buy 90 randomly chosen packets of Bings. Find the probability that at least 80 of these
packets contain no more than one yellow sweet. [2]

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 of values that p can take. [4]

(7). Each o mnreel Aos on eZ,wJ pmbajn‘/féi- of.
being yellow.
lef X be the T.v. d,enoiw no- af« sweets oud
of 6 n a packst to b ydllow .
XaB (6,01
p(X<1) = 0.88573%
= 0-88¢

(iD). Let Y bo the rv. dennting no. aji packito
oul ot 90 that each awma no more han
1 yellow sweet .
Yo B (90, 0-885735)
PCYZ 80) = 1- POYS ¥9)
= 054551
=0-546
(ii). Let W be the rv. denoting no - of sweeks
ouLLOf 6//10(,’061/6/@/5 7o be ¥ red .
W~ B(6, f)
it the mode is 2,
then P(W=2)> P(W=1)
and P(W=2)Z7P(WN=3)

Corvioer P(W=2) 7 p(W=1D

C)pap > ()pa-p~
15 > 6 Cl-p?
. &f/b > 6
p7ar
P 7Y%
Consrder P(W=2) 7 PLW=3)

(3 f°C-p* 7 (5) plrp7™
15 Cl-p) > 0p
35p < /5
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A bag contains 3 blue counters, 1 red counter and y yellow counters. Darvina chooses 3 counters
at random from the bag, without replacement. The random variable S is the sum of the number of
blue counters chosen and twice the number of red counters chosen.

. o 6(3y+1)
(i) Show that P(§ = 3) = GO0 [2]
(ii) Giventhat P(S =3) = %, calculate y. Hence find the probability distribution of S. (6]

i' P(§=3)=P(BBB) * P(RBY)
(47 (37})(2 7}) (Hg) (317)(.27%( 3!

& t+ 6(3%)
(37‘4)(%3)(3%.?)

= 63y £1)
(yfﬁl)@ﬂs}(yﬂ) (shown.) .

i. 1 6(3yt1) _ 1
(yf#f(‘yfa){yfl) 20

From GC : y* ) (s’mceyél)

r 1 | & 3 | 4

N 3 3
P(§=1) = pP(BYY)

=——X&X4 X;%=;2-3-
p(8=2) = P(BBY) + P(RYY)

= (.1)( %)xir + (ixg?_)(4))(

—
—

P($= 4)

"rlwc::
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x§ x &

f;w-:i %1



A type of mental bolt is manufactured with a nominal radius of 0.8cm. In fact, the radii of the
bolts, measured in cm, have the distribution N(0.8,0.012).

(i) Find the percentage of bolts that have a radius between 0.79cm and 0.82cm. [1]

Mental washers are manufactured to fit on the bolts. The inside radii of the washers, measured in
cm, have the distribution N(0.81, 0.012%).

(ii) Write down the distribution of the inside circumference of the washers, in cm, and find the
circumference that is exceeded by 5% of the washers. [4]

A bolt and a washer are a ‘good fit’ if

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

(iii) A washer is chosen at random, and a bolt is chosen at random. Find the probability that the
washer and bolt are a good fit.

The outside radii of the washers, measured in cm, have the distribution N (i, ¢2). It is known that
15% of the washers have an outside radius greater than 1.25 cm and 25% have an outside radius of
less than 1.15 cm.

(iv)  Find the values of u and o. (4]

let X by #erv. cﬁen,oﬁnj the radius of
a bolt.

YaN(0.8,001%)
D). POTKX <082 = 0-8/887
=0-8/9

Hence , 81-9 7o bols have a radius betwerh
0-F cm ond 0 82 cm .

i) Lot Y b the 7.v- O&Jvo/ﬂy the radius ‘f—

a W aoher . R
Y~N(0:81,0:012 )
lef C bo the 7v- a[xzvof;:i, e ino ide
har

cur oum ference uﬁ Me W
Since C= 2&ny

ECC) = an E(Y) = 2w (0-81)
=5.0894

var(C) = (271) Var(y) = 0-0056849
L C~ N(50894,00056849)
let @ em be +he cirownﬁ.ve;nw Hat is
exceeded by 5% of the Naokers

p(cga) =093
@ 75,2134 =S Em)




i) Task: Find P (0<Y-X < 0-04)
E(Y-¥) = E(Y) = E(X)

= 0-0]

Var(Y-X) = Var(Y) + Var(X)
= 000044

e Y-X N (001 ,0000244)

= PO Y-X$0:04) =o;72155>
= O 1
iv). let W by the 7. d,(m/oh/ba .
the ountside radiue af &l woaker. WaN(u, )
Gven P(Wy125)=0-15 and P(W<115) =025

o P (2 728 )=0.15 o P(Z<ELEE ) =025
1-P(Z< blg&#}:o.]g PIS—j = _p ¢7449
Pl < HF) =0-35 115 -p = ~0-67449 1
.25 - . e
L2f 1364 Ju= HI5£ 0674490

125-p = 1-0364 U~
p=r25-1-0364 - ——0) |
@ & @ 125-103640 = 115+0-674%70

171090 = 010
0 =0-058448
=0.0584

Sub 0= 0-058448 mto @ : /,Li;-;;?f



10

The average time required for the manufacture of a certain type of electronic control panel is 17
hours. An alternative manufacturing process is trialled, and the time taken, t hours, for the
manufacture of each of 50 randomly chosen control panels using the alternative process is recorded.
The results are summarized as follows.

n =50 Y.t =835.7 Yt? =14067.17

The Production Manger wishes to test whether the average time taken for the manufacture of a
control panel is different using the alternative process, by carrying out a hypothesis test.

(i) Explain whether the Production Manager should use a 1-tail test or a 2-tail test. [1]

(ii) Explain why the Production Manager is able to carry out a hypothesis test without knowing
anything about the distribution of the times taken to manufacture the control panels  [2]

(iii) Find unbiased estimates of the population mean and variance and carry out the test at the
10% level of significance for the Production Manager. (6]

(iv) Suggest a reason why the Production Manager might be prepared to use an alternative
process that takes a longer average time than the original process. [1]

The Finance Manager wishes to test whether the average time taken for the manufacture of a
control panel is shorter using the alternative process. The Finance Manager finds that the average
time taken for the manufacture of each of 40 randomly chosen control panels, using the alternative
process, is 16.7 hours. He carries out a hypothesis test at the 10% level of significance.

(v) Explain, with justification, how the population variance of the times will affect the conclusion
made by the Finance Manager [1]

(i)_drtail test | winw e Pro ductron Mau\g,u
wishes o 1‘%157‘}&.0/41%.61%(1, n the VW&
Hing , ard not iereant or decreass in
o Fime .

Gi). § Sigt 50 i comsrdared Henw |
Contrad Limit Theorem con be fo apprximate,
7‘71& aﬂwﬁﬂbwﬂm #o Aa n/ormcn,g. o

Gi). T = 8357 _ 16714 =_16-7
§* =

£0 .
- M‘ = . = .
41?- [14067.17 = <51 ] = 20261 = 2:03
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