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Section A: Pure Mathematics [40 marks]

1 A curve C has paramctric equations

x=

-

y =2t

(i) The line y = 2x cuts C at the points A and 5. Find the exact length of AB. [3]

(i) The tangent at the point P (%, 2p) on C meets the x-axis at 7 and the y-axis at E. The point F
is the midpoint of DE. Find a cartesian equation of the curve traced by F as p varies [B]]

0. 2t =2 What=B; 7 E 5 g8

2} =¢ =/3
$=3 w A= (B,25)
21 a5y At syt
=5
‘:B=(—f‘§l—°?j3)

B+ 1 (3B +23)°

= J@B)+ (#5)
= ,Jm—+48‘

= 5
(i), let,oa/amdui p )
dtm;? J %m,ﬁﬁ 2
W t"/’ ’ ﬁ”@ =73 :
E?ﬂ%%wyez\t y-a?,lD‘ —‘_%P’(Z— %)
_/é/bi{(%%)

Le?tZ/ 0 : 73{/- "é/f{(x I;f—'—) lefx=0" y- ap =
/:2: 3 y=2p *2p

P’“: =4p
E=(0,4p)

D= Cf o)
Mm(ﬁjé;tf (’L_‘ ) 0_7“;4&) 2 /i’) Z/D)
X (7) M—L—(z) - PR

Sub 3 b (1) - xy =6




2 An arithmetic progression has first term 3. The sum of the first 13 terms of the progression is 156.
(i) Find the common difference. | 21

A geometric progression has first term 3 and common ratio 7. The sum of the first 13 terms of the
progression is 156.

(i) Show that 7' - 527 + 51 = 0. Show that the common ratio cannot be 1 even though r=1isa .
root of this equation. Find the possible values of the common ratio. {41

(iif) Itis given that the common ratio of the geometric progression is positive, and that the nth term

of this geometric progression is more than 100 times the xth term of the arithmetic progression.
‘Write down an inequality, and hence find the smallest possible value of n. 3]

3 oand 13 =156
re- Bla(3)+12d | =15¢
39 + 384 = 156

d=i5
3 and 83 =156

e 3rP-1l - g
r—1

]

(i) Gren a

(i) Gwen. a

37’3 -3=156r -154
3r’3-i56r +153=0
ri3— 827 +851=0 (shown).

18 common ralio v =1, ten Tom i the s
W&mzw+mw%mtmfwmmé/r%‘
Further more , $n = @O oy by sndefrined Jf =1
3[766: ro=-l45ll , v =] or 7T=/2100

{ Red()

Gii). Let 7= 121
Tn > 100 Ty
Gp A

F

30a™! > wol3+(n-1(F)]
3(1r2a1)™" > 300 + 5O (n-1)
322" > 150 +/50 n
1™y sot+son
from GC: n > 41149

Wieast = #Z
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3 (a) The curve y = f(x) cuts the axes at (a, 0) and (0, b) It is given that [ —1(x) exists. State, if itis
possible to do so, the coordinates of the points where the following clirves cut the axes.

@ y=£2x)
@ y=fx-1)
@) y = f(2r~1)

() y=f"(x)
14

(b) The function g is defined by

gixe>1- s where x R, x# a.

(i) State the value of a and explain why this value has to be excluded from the domain of g.

[2]
. (i) Find g*(x) and g™ (), giving your answers in simplified form. 41
(ifi) Find the values of b such that g?(b) = g~} (b). 2] ¢

(@). (). ($a,0), (0,b)
Gi). (at1,0)

). = ) i 4 T Wasz £
7”?“'"15 to #e wﬁ/y X —aX/S
right ’
(a,0) (at1, 0) (&2, 0)
(0.b) (1, (% .6)

0/\1;,4(0L O)J{,wonf'}wm’es
(0. (b,0) , (0, a)
(b), a=1 B
W/LUL X = g(x) is MO%VII\LGZ ZMQ f‘)W Va«&u,
has o he excluaLeJ ﬁmm Fhe aéom,%
07‘)u,rwi.¢e , wunbion that g(k) )wo a w,r#iaal &S
z , /\uce, x= 7 7o e,xduo(,u& fﬂ»@z

3‘(%) = 3[14?;{;] =1- ,‘T}I-—J:;)

= 7 _—
e
= (1-x)

A, xEeER , x#]
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CyTERR gl = xR T

it

b*-4
b~ b =0
A($~.,2)=0 2 b=0 or b=2

4 (a) A flat novelty plate for serving food on is made in the shape of the region enclosed by the curve
¥ =22 —6x+5 and the line Zy = x — 1. Find the area of the plate. 4

(b) A curved container has a flat circular top. The shape of the container is formed by rotating the

part of the curve x = il =, Where 4 is a constant greater than 1, between the points (0, 0) and
a—y
’ (a_ll’ 1) through 27 radians about the y-axis.

(i) Find the volume of the container, giving your answer as a single fraction in terms of a and
. {41

(ii) Another curved container with a flat circular top is formed in the same way from the curve

1
x= 7 4 5 and the points (0, 0) and (—, 1). It has a volume that js four times as great
-y

b-1
as the container in part (i). Find an expression for b'in terms of a. 31

(a). \ /g byt F

| Y=2X-%
/e

X/ s
mazfgl{@x—é) - (x=dx +8) dx
= 15-1875 or 32 42
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=ty fwiTETEe
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i
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Sectiou B: Probability and Statistics [60 marks]
A bag contains 6 red counters and 3 yellow counters. In a game, Lee removes counters at random
from the bag, one at a time, until he has taken out 2 red counters. The total number of counters Lee -
removes from the bag is denoted by 7.
() Find P(T = ¢) for all possible values of z. [3]
(i) Find E(T) and Var(T). [2]

Lee plays this game 15 times.

(1if) Find the probability that Lee has to take at least 4 counters out of the bag in at least 5 of his 15
games. X 2]

Y R e
# Y JE Y\'IR
v\w«
#P\
0 ¢ 2 3 ¥ 5
P(1=t)| & Tf% 77 | 37

P(T=2) = (‘X%)

p(7=3)= (x%x%)ﬂ‘%)% ) -%1t5 %
P(T=4) = ($xE x2x§) #(§xf x3x$) +(3x3x8xE)
P(T=5)=
(i), E(T)= &(2) + $2(3) + 55(4) + 5 (5)

=.20

VW(T}=£(7) /‘ [11(4)‘/'7(7)7"23(16)7‘5%(25)] ('.7}

Gi). let X be Me rv- d’,uwh %/ ol 75
3 +§uzaeAMfofm% 3 neo ol of 18 game
X“’B(m;ag 21)
P(X 25) = 1-P(X$4) = 023791 =.0.238




A children’s game is played with 20 cards, consisﬁﬁg of 5 sets of 4 cards. Each set consists of a father,
mother, daughter and son from the same family. The family names are Red, Blue, Green, Yellow and

Orange. So, for example, the Red family cards are father Red, mother Red, daughter Red and son
Red.

The 20 cards are arranged in a row.

(@) In how many different ways can the 20 cards be arranged so that the 4 cards in each family set
are next to each other? [2}

(i) In how many different ways can the cards be arranged so that all five father cards are next to each
other, all four Red family cards are next to each other and all four Blue family cards are next to
each other? [31

The cards aré now arranged at randor in a circle.

(i) Find the probability that no two father cards are next to each other. [41
Blue Green Yellow Orange

5!x(+!)5 = 944 514 880
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7  The production manager of a food manufacturing company wishes to take a random sample of a
certain type of biscuit bar from the thousands produced one day at his factory, for quality control
purposes. He wishes to check that the mean mass of the bars is 32 grams, as stated on the packets.

(i) State what it means for a sample to be random in this context. 1]
The masses, X grams, of & random samﬁ)le of 40 biscuit bars are summarised as follows.

n=40 Ex-32)=-77  Ex-32)*=1105

(if) Calculate unbiased estimates of the population mean and variance of the mass of biscuit bars.

[2]

(iif) Test, at the 1% level of significance, the claim that the mean mass of biscuit bars is 32 grams.
. You should state your hypotheses and define any symbols you use. 51

(iv) Explain why there is no need for the production manager to know anything about the population
distribution of the masses of the biscuit bars. [2]

| / bis b b Hhe
2 f’“za”ék;i“t 9“3354;} ,¢L122£22 Fo be ConvﬂizZé qg ﬁi?ksa/yp&,

Gi). % = Z(%+032) §* = 3? [105 - %’J
- = 0.24533
i =0.245
(i) To teat Ho : u= 32 aﬁ
H, ,u-;faz atl/lwelaf. ficance -

whare Ho ic the nudl /Ay of)wo;f) H, Is the alfernate

}-ylaoﬁwm and JORS +}L¢ Jop wlotion mean .

Let X be the mv- dlenoting. the mass of o biscuit bor.
AJ Central L/m«if %

XN (32) 0. z/sas) approci

Test Statistic: -%#mNQO

= 3)-30%5-32
J0«2453y

Azn)
Using GC: p=0.013971
Sinee p 7 0- 41 , fkue is Ihsu#/;lrcwd evidence ot 1% Adevel

i rcance Ho , e the cdaum that the
Lj;m masy I«Sﬁ bor is 32 remana frue .

(). Smw n= 40, Condrad Limd Auorem can be Iblaoé Fo

appro X/mai'a f')w, dio tribudion. 4o be No/m_alfy oév_,fr/buiicé .

= -2.4580




8 (a) Draw separale .scatter diagrams, each with 8 points, all in the first quadrant, which represent the
situation where the product moment correlation coefficient between variables x and y is

@ -1,
@i o,

(iif) between 0.5 and 0.9.
3]

(b) An investigation into the effect of a fertiliser on yields of corn found that the amount of fertiliser
applied, x, resulted in the avétage yields of com, , given below, where x and y are measured in
suitable units. ’

x| © | 40 | so | 120 | 160 | 200 |
y| 70 | 104 | 118 | 119 [ 126 | 129

(i) Draw a scatter diagram for these values. State which of the following equations, where a
and b are positive constants, provides the most accurate model of the relationship between

x and y.
@ y=alsb ® y-%+b
xz.
(© y=aln2x+b ®) y=afi+b

[2}

(ii) Using the model you chose in part (i), write down the equation for the relationship between x
and y, giving the numerical values of the coefficients. Staie the product moment cotrelation

coefficient for this model. [3]
(iii) Give two reasons why it would be reasonable to use your model to estimate the value of y
when x = 189. 2]
(a). +
X *
% i +
*\’& .
+F
*
\*\* + P
Ea 4
. . P > . 7 J
Y4 D =1 i), r=0 #)0-5< T <9.9
I y - — < 2 12
(1,) ;).120 AP X _T( 00,129)
!
1007 X (A) : 1= 0.934%0

(B) :No r-value as ‘O‘IE s

¥ (0,%0) vndefined.

60 ‘ | (C): Mo r-vadue as h O s
" | undefined. .

| (D):r=0.9808%

| s D is the o/\{7 suit able

40 £0 120 160 200 madel




(i) Using Y =adZ + b,
W%y GC: y=41821d% + 74048

Y =4 184K + #40
wom (). T=0-98085=0-781
Gi). Fratly 5 %=189 is within the rasge datn collected .
Int pO/a_i‘la-'n is aﬁooc/ prao?ffa is refiable .
Secondly , T=0981 & resy close #o 1. Henwe ,
the eatimation, i reliable.
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9 On average 8% of a certain brand of kitchen lights are faulty. The lights are sold in boxes of 12.

(i) State, in context, two assumptions needed for the number of faulty lights in a box to be well
modelled by a binomial distribution. 2]

Assume now that the number of faulty lights in a box has a binomial distribution.
(ii) Find the probability that a box of 12 of these kitchen lights contains at least 1 faulty light.  [1]
‘The boxes are packed into cartons. Each carton contains 20 boxes.

(iif) Find the probability that each box in one randomly selected carton contains at least one faulty
light. [1

(iv) Find the probability that there are at least 20 faulty lights in a randomly selected carton. 21

(v) Explain why the answer to part (iv) is greater than the answer to part (jii). i
The manufacturer introduces a quick test to check if lights are faulty. Lights identified as faulty are

discarded. If a light is faulty there is 2 95% chance that the quick test will correctly identify the light
as faulty. If the light is not faulty, there is a 6% chance that thie quick test will incorrectly identify the

light as faulty.

(vi) Find the probability that a light identified as faulty by the quick test is not faulty. o3
(vii) Find the probability that the quick test correctly identifies lights as fault){ or l:zot faulty. [1]
(viii) Discuss briefly wh’eﬂ‘mr the quick test is worthwhile. [11

(). The pmba,élog zrf % at 002? 5

a.sm.nu o

eulusm, awt oomw,pe- f)u. A i I;?Mu fa.a,/?

(ii). Lef X be ﬁ;‘& Ty C[/;luoﬁy af v& S in
a box 12. X~B(I2, 0-08)
plxz1) = 1- P(Xx=0) = aze3,233 . 0639
(). Let W be the rv hny num oxes ont
" Hhat coch haa ot m’ Tone fmdf'/”&;f“ﬂ— W:jg(oza,oaazﬁ)

PIN=20) = 0.00010444

(‘;'). let ¥ be #he rv. denoting number aﬁ’, f—aulz?; _,L%A,t,
, out aﬁ/ Q40 f
Y"/B(Ql’lo)o'ot?)

P(Y »20) = 1- PY<19)
= 045833 = 045§
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(V). The event (i) is a proper subsel of eveal (v,
hente anawer to Gv) is feaﬁr than Fo CiiD) .

7 -9 i nL
i denti }wl wrony—/&L NF
22 LIZMIS

(vi).

= 'z%%ﬁ“‘
/ deshfnd wiogly 7
P(ho‘f]cwdié] /la(.e/vtlﬁzdm fcw,w'g
= _0.92X0-06

, = (.42073 =0-421
(0-08X0-95) 1 (0-92X0-06)

(vi). (0-08x 0-95) + (0-92x0-94)
= 0.9408

From parl (vi), we Motuoi-owl +hat Phere is a

42-1% (}Lana wro, ing lighly ag faw-U?/
when, it is avchca,% Wf ; f zm {f}us
ma7 not be reli able aolit aeems

(iii).
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10 A smail compornent for a machine is made from two metal spheres joined by a short metal bar. The
masses in grams of the spheres have the distribution N(20, 0.5%).

(i) Find the probability that the mass of a randomly selected sphere is more than 20.2 grams.  [1]

In order to protect them from rusting, the spheres are given a coating' which i increases the mass of
each sphere by 10%.

(ii) Find the probability that the mass of a coated sphere is between 21.5 and 22.45 grams. State the
distribution you use and its parameters. [3]

(iif) The masses of the metal bars are normally distributed such that 60% of them have a mass greater
than 12.2 grams and 25% of them have a mass less than 12 grams. Find the mean and standurd
deviation of the masses of metal bars. 41

(iv) The probability that the total mass of a component, consisting of two randomly chosen coated
spheres and one randomly chosen bar, is more than k grams is 0.75. Find &, stating the parameters
of any distribution you use. [4]

D et X be Phe rv. denoting +he mass (m ams) of- & sphare .
(). let X y )\Do e osﬁf o
CP(X 2 a02) = 0.34438 = 0-3%5 - -
(i), let W be ﬁu rov oLe/Whl% the mass of a coaled Sf)\ue
s W=11X
(w)- 22 var(W)= 0-3025
. Wa N (22,0 3025)
P(215<w<22 45) = o. 6/1?2 =0-612
(i), [of Y be +he rv d.uwhéz +he mass uﬁ a metad bar
N r)
Given YP?)’% )2) 0.6 and P(Y< 12) =025
P(Z 7 1£2p)= . PZE<BH) =025

1-P(3 4 22k)=0.6 R = 067449

P(Z % 127.2__:,&): 0.4 j2-p= -0 634490
E?F’ﬂ = _0.2533% /“M(}

12:2-p=-0.25338 0~
W7 I22+0.253380

mn
let 12.2+0.253380~ = 12+ 0674490
0- 421145 = 0-2
;o= 041490 o op= 2320
=0-475 =123
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(iv). lot T be the r-v- Wt"f Hhe fotad mass % a

onpe . T=MW tWy Y
E(T)= 22 4 22 +12:320 = 5632 = 563
Var(T)= 03025 + 0-3025+ 0-4¥490* = 0.83053
=0.831
. Ta N{ 66-32,0.83053)

p(T > K)=075
1-p(TSK) = 075
P(TSK) =025

K = 55 %05 =£5~7g,
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