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1 A quadratic curve has its minimum point at (1, —2) and has gradien ent 5 at the point where x = 2. Find
the equation uf the curve. [5]

AR - 5

Section A: Pure Mathematics [40 marks]

=2
;mdimf=5

Let he quadratic %um be y=an’+bx +6.
) - atbte=-2——)

When x=2/d = %‘x 2ax+ b
5 =2a(2) +b
4+b =5 @

when'x:=l,%c=o : 2q+b=0 —@

By GC: a=%, b==5, c=3

° _3=-ir752':57£"‘-'£'-

=
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B (a) A sequen h that u, = p, wher epis

nstant, and u,, = 2u, =3, forn > 0,

(i) Describe how the sequence behav

A) p=7, W=7 [
U= 2F) -5 = :
U3 = '2(") b = '3
Ug = 213)-5 =2l

The gequence increases to M-F:ru_d#
(B) p=5. o

=5

U = 2(5)-5 = 5
U3=2(5)-5 =
H4=2(5)-5=5

The seguence is a torsdont ¢ w of 5
(ii) Find the value of p for which u = 101. fum . 2)

Wi=P

Ua=2p=5

U= Z(ZP-S') -§ = 4’ -5

Uy = 2(4p=I5) -5 = 8p =35

Us=2(8p-35)-5=16p—¥5
LeT 16p = #5 = 101

mp- 176
E- Il

(b) Another sequence is defined by v, = b, where a and b are constants, and
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Vg =V, + 2vn+1 -7, forn>0.
For this sequence, v, = 2v,.

(i) Find the value of b. B Bk
when n=l: Vi=V+ @l =¥ 3|z
=a+tb-F 5| G
wher n=2: Vg= Vot aVy - ¥ i
= b talerab-7) -3 i
=2at5b —-al §§

Sinee V4= V3
then 2at 5b-al = 2(at b~V
AN +5b -2l = 2at 4b -4 H
b =%

DO NOT WRITE IN THIS MARGIN
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(ii) Find an expression in terms of a for vs. [1]
when n= 3: Vs = Va+2Vyg - ¥
- =(a+M4-3)+ 2(2a+35-21) - %
=da+28

(¢) The sum of the first n terms of a series is n° — 1112 + 4n, where n is a positive integer.

(i) Find an expression for the nth term of this series, giving your answer in its simplest form.

2]
Th= Sn — Sn-=|
= (n*-lin*+4n) - [(m=1)*-1(n-1)* + 4 (n=1)]
=,;r”4)n‘++n — (P-3n* +3n-D +U(A"2n+)) - 4n+ 4

= 3n2-35n+ 16

(ii) The sum of the first m terms of this series, where m > 3, is equal to the sum of the first three
terms of this series. Find the value of m. (2]

m3=-ll m* +4m + 60 =0
by GC :im=10, 3 (v¢-) or -2 (rej.)

I © UCLES & MOE 2020 % 9758/02/0/N/20 [Turn over I
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3 The curve C is defined by the parametric equations niu F %
| | @
x=3r+2, y=6t-1 where 1 2 ¢. E E
The line N is the normal to C at the point (14, 11). E .- E
_ 3 -
(i) Find the cartesian equation of N. Give your answer in the form ax + by = ¢, where a, b and ¢ g, 212
integers to be determined. (5] B 8

=6t , F=6 - %=

When y= N, 6t=I=ll . - t=2
Wher t =2 5 gradint of tongurd =3

hente, awuf/w«t of-mrmal=-2
Ew' i normal, :

y-ll= -2 (. —14)
y= -2%+31

2%"‘3- 31 ,m}l.m qlz)b=lJ 0'31_
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(ii) Find the nclosed by C, N and the x-axis [4]

Area= ” 'H dx T ""(l"'l 5""'4)(")

= t'* -)etdt + 30-25 = 114-29
t"'(et pes 5 = 114 39 wit$

(iii) The curve C and the line N are both transformed by a 2-way stretch, sca'Ie factor 2 in the
v-direction and scale factor 3 in the y-direction, to form the curve D and the line M.

(a) Find the area enclosed by D, M and the x-axis. [1]

14-28 X 6 = 6855
= 686 sa-wni’rs

(b) Find the cartesian equation of D. [2]
Cartesian eqn- of C -
x=3(4g)" + 2

12% = (y+1)® + 24

1, stale fadlev 2 stretch in the X-direction,
12(3) =(y+1)* +24
x = (y+1)*+24

\l, scale factor 3 strptch in the 3-d3ltd‘i‘anr

(X = (35 -|-i)""+zlr
6xX = .L"'-" +24

I © UCLES & MOE 2020 Eﬁ 9758/02/O/N/20 {Tlll"l.'l over I
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Fig. 1 Fig.2

Fig. 1 shows the net of a square-based pyramid cut from a square of cardboard of side length 30 cm.
The net consists of a square of side length a cm and four isosceles triangles, each with base a cm and
perpendicular height A cm. The net is folded to form a pyramid which has a square base of side length
acm and vertical height H cm, as shown in Fig. 2.

(i) Show that H? = 225 - 15a. [2]

H3=h'"— it_" 2h +a = 30
(% h=-8 @

&ub@ in.'ﬁ:@'

- (9

_qoo 60& ta’
4

= 225 = |15a (shown).
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(ii) d the maximum possible volume of the pyramid. You do not need to show that this value is a

mmmmmm (5]
[The volume of a square-based pyramid is % X base area X height.]
V=3Xxa'X Naxw-l5a
V _ .2 1 9
ja, 4. 1(225-150)"% O¥) + (225-150)% - (%a)
-d
= (225-154)"% [~50*+ $a(225-15a) ]
= =2ig? 1504
N 225 - 158
It L=0: -2 Hsoa, 0
a (150 -%a)=0
a=0 Lrg‘-) or ¢ =12 m
Vmax- = 3X 144 XaJa26 = 30 = 321-99
= 322 om
(iii) (a) F nd the value of a for which the total surface area of the four triangular faces of the pyramid
a maximum. You do not need to show that this value is a maximum. [3]
A= 4] %x ax 205%]
= 304-2°
dA = 30-2a
da
let 30-24=0 :c@=IScm
(b) Describe the shape formed from the net in this case. [1]

When a =15, H‘-‘-_‘éﬁ-lb"
The height of the pyramid would be'0cm",

& 9758/02/0/N/20 [Turn over I
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Section B: Probability and Statistics [60 marks]

S Shaniif and Tina are playing a game. Shania has a bag containing one green disc, r red discs and 2,
!JII.IE discs, where r > 1. A red disc is worth 5 points, a blue disc is worth 2 points and the green disc
1s worth 0 points. Tina takes two discs from the bag at random. Tina’s score is found by multiplying
together the number of points for each of the two discs she takes.

4

(i) State Tina's possible scores. [1]
iR,Gj=0 (6,8} =0
{RiR}=25  [B,B]4
{R,B8}=10

27r-11
3r+1

Lef x be the dwU?tC r-v. M'hqg Tna’s $CoNe:

(ii) Show that the expectation of Tina’s score is , and find an expression for the variance.

[7]

v | o | 4 | w0 | 5

: 2 -0 | _4r _ [ r=
P(X=7) Gr+1) ﬁ% 3(3r+1) 3?3”")

p(X=0)={R, G} + 6,8}
Ty S x2] # [ X Rxa]
- 4 o

— <
3 (3r+l) T 3(ar+1) @r+1)

p(X=4)= {8, B}

= 2N 2r-| = 2(27-1)
3r+i " 3N 3(3r+1)

P(X=10) = { R, B8] = 2L x 2B x 5!

- i r
3(3r+i1)

P(X=ag)= tR,R} = ar| X ’5{ - 3?;:'{1*-1)

I © UCLES & MOE 2020 % 9758/02/0/N/20
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E(X)= 4Gm)+ °Gom) + 5 (3mm

= 6r-8 +40r +25r - 25

3(3r+i)
= 8Ir~33 - atr-H hown)
3(3r 1) 3re1 CShown).

E() = 6 +00(am) + "5(;5:-“)

= g4r =32 + 4007 + 6257 - (25
3(r+1)

= 3637-211

@r+y
-. = 363r=-211 _ (2%r-i )2
i 3r+i (3r+l )

(363r-21)(B3r+1) — GFr-11)*
(3r+1)2

= 360r*+300r-340
(3rt+i)?

VI TR C e SO ¥ ,r.l"'f_l._-,:-I'II ._'- g 3
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(iii) Given that the variance of Tina’s score is 38, find the value of r.

3607°+ 3007 - 340
(3r+1)3

By GC: (r= 9

= j8

I © UCLES & MOE 2020 ﬁ 9758/02/0/N/20
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In this question you should assume that 7, W and D follow independent normal distributions. E

E

James leaves home to go to work at T minutes past 8 am each day, where T" follows the distributjq, z
N(5, 1.22). E |
(i) Sketch this distribution for the period from 8 am to 8.10 am. (2] § |
8

L

= T Y
0 5 jo
08:00 08:05 08:10

(i) Find the probability that, on a randomly chosen day, James leaves for work later than 8.06 am.

[1]
ToN(S, |'22)

RS e s tnael whie Bl oty L

DO NOT WRITE IN THIS MARGIN
P PN g

P(T > 6) = 0-20233 i
= 0.202 &

b W

"'-..1_. Pl T

When the weather is fine, James walks to work. The time, W minutes, he takes to walk to work
follows the distribution N(21, 3%). James is supposed to start work at 8.30 am.

- Do NOT

(iii) Find the probability that, on a randomly chosen day when James walks, he is late for work. [2]

Var(THN) = 11224 32 = 10.44
T+N ~N (26 10- 44)

P(T+N 2> 30) = 0-10786
=0.108

e {TE SR IR IR ﬁl"

i
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n the weather is not fine, James drives to work. He still leaves at 7 minutes past 8 am each day;
th time, D min tcsh takes to drive twakfllwthdtnbt n N(19, 6%).

On average, the weather is fine on 70% of mornings.

(iv) One day, James is late for work. Find the probability that the weather is fine that day. (3]

NalKs &
\O*pl.aﬁ,ﬁ* work

0X_ Fine weather /,p Drives %
< y Late fov WorK

Var(T+D) = 1122+ 6% = 3344
T+D ~ N(24, 31.44)

P(T+D 7230) = 0-16340
= 0.163

P Fine weaiher | James is \ale for werk)

= 0.3 X 0-10F 86

(0-7X0-10786) + (0-3X 0-16 340)

0.60633
0-606

9758/02/0/N/20 [Turn over I
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A study into the germination of parsnip seeds in the 1980s pmd.uced e
number of days, d, taken for a seed to germinate at different soil temperatures,
Fahrenheit.

| .

the following data for the average
t, measured in degreeg

f 32 41 50 59 68
d 32 |5 27 19 14

(i) Sketch a scatter diagram of the data. State the product moment correlation coefficient between 4

and 1. J, 2]

180 @

100

10 ¥ & o (ﬁﬁ) '4‘)

30 40 550 60 0
By 60, r=-0-84829
= =0-84%

e : 1
(ii) Lim thinks the data can be modelled by the regression equation d = —a + bu, where u = . Find

the values of a and b for Lim’s model, giving the values correct to 3 significant figures. State the
product moment correlation coefficient between d and u. [3]

By &C, d=-4§ + 9460 u
wm a= 45 3 b= ?460

| © UCLES & MOE 2020 % 9758/02/0/N/20
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The study also found that, at a soj] temperature of 86 degrees Fahrenheit, parsnip seeds took an
average of 32 days to germinate.

15

I .

(iii) Determine whether Lim’s model fits this additional data. (1]
Sine the value of t =86 lies outside o the rarge
ffh. does

8 "f data anwu this additioral
fflf Lim's model.

B“Mfo ex Lﬁ.ﬁﬂlﬁtl Gtoac Mf e a
1 Mlmue cotimalion, . J

A temperature of F degrees Fahrenheit is equivalent to a temperature of C degrees Celsius, where

C = 3(F -32).
i (iv) Write Lim’s equation from part (i) in terms of 4 and 7, where 7 is the temperature in degrees

Celsius. - - [2]

d=~-H§ + _7_6_Q4t

. sine T= -i(t-a:g
_1_'[ = $-32

=~|45 + 4¥300
160 + 9T

| © UCLES & MOE 2020 ﬁ 9758/02/0/N/20 [Turn over I
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In a game, a computer randomly chooses 12 shapes from 11 circles and 17 rectangles. The number
of rectangles chosen is denoted by R.

(i) Show that P(R = 1) < P(R = 2). (2]

P(R=1) = T, x "Cy = 55881 x 1077
8Ci2

P(R=2)= ;X" "Cio = 4.qu35 x 105
38C), —R)

Henw, P(R=1) < P(R=2)

v
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R
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The number of rectangles available is now increased by r. The computer randomly chooses 12 shapes

frum the 11 circles and (17 + r) rectangles. The probability that 4 rectangles are chosen is now 15
times the probability that 3 rectangles are chosen.

T AT R T T I Tl L
1 T gy Al = -

~ o 7 e D P
IN ”jks 5 MARGIN

IRk

(ii)) Find the value of r. (5]

+H /]
P(r=)= "G4 % Gy Note,: Forandla in MF26
WBITC nC, = n." '
P(R=3)= lHrcsx "Cq (a-r): 7.
Rﬂ'ﬂ'cu

Given P(R=4) = 15x P(R=3)
'Her "Cs T lHrcax "Cq
'hﬂ-ﬁﬂ\ M
e,
I C - g

T '_"- =T
?_

R R
TP e et
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—
i (1#41)!

|
(134r)! X 41 = F

= (134r)!
(4+0)! x 31
Tal. _ sTenl_
(B3tr)! X 4! (4+r)! x 3!

S (U4T) X6 = 5% (3+1)! % 24

(H+T)x (3! X 6 = 130 X (IB+R)]

44T = 20
T =6

e ———
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A factory produces ballpoint pens. On average 6% of the pens are faulty. The pens are packed in
boxes of 100 for sale to retail outlets. It should be assumed that the number of faulty pens in a box of

100 pens follows a binomial distribution.

¢ i =

DO NOT WRITE 1N THIS MARGIN

9

For quality control purposes a random sample of 10 pens from each box is tested. If 2 or fewer faulty
pens are found in the sample of 10, the box is accepted for sale. Otherwise the box is rejected.

DO NOT WRITE IN THIS MARGIN

(i) Explain what is meant by a random sample in this context. (1]

A random sample meano that every pe in the box
has an qub chane Of bdnﬁ chocen -

e, p— - - e

T T T SR

(i) Find the probability that a randomly chosen box of 100 pens is accepted for sale. [1]

Let X be the 1.v. dencting number of faudly pens

in a §ample of 10.
= x~ 8(10,0-06)

P(x:ﬁ:?-) = 0-9¢11¢ =00-92|

DO NOT WRITE IN THIS MARGIN

(iii) One morning 75 boxes are tested in this way. Find the probability that more than 5% of these
boxes are rejected. (4]

Let Y be the 1.v. denoting number of boxes
n{.jufed out of #5 boxes.

Y~b (35,1-098116)

DO NOT WRITE IN THIS MARGIN
T I T T Ay A5 i ]

P(Y”? 3.35) =P(Y2 4) g
=1- P(Y£3) E
= (0.0534%] ._;E
8
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L abo::lﬂ;l: tldl RE prOCRans alled in which a random sample of 5 pen initially taken from
’ o If there are no faulty pens in this sample of 5 the box cepted.
E - ii?:;rﬂa s I;f lfy:yp h o ]rnpl it b:; Je:de ken fr
t this sam ond random sam P sta o
| pebos Vi e e i cn e e ';w s et
; (iv) Eu i‘_n‘hu i bubglg that a -sﬂﬂ” chosen box of 100 pens is accepted for sale When ‘[1‘5':
1 15t Tost| M Tee]
’E No Faulty peas (Acapted) ﬂ.’{”""
i | or 2 faulty pens. mmﬁ.“eﬁ
% : 3 or mOMe +p+41 U‘WF"“)
- faulty pens . (Rejected) mumfaaechd)
St let X be e Tv. dMO'I'mambug-Ffmu-’
2 |l peas masampleOF b.
E i Prob- of Acegtance = P(X=0)+ [P(x.:u)- p(X, ) +p(x.=z).p(x,=o)]
2! =0-33390 + [0-22636 10-021944]
=k = 0.982604
% § = 0.98%
% % (v) Explain why the factory manager might prefer to use the alternative testing prOcSPES. .
|
2\ 1es5 time i5 to test madom somples
2 mnw ¢
of 5 pen ¢ ored, to 10 pens.
1
z i
G :
1
E 23 ‘iUt:LES & MOE22?20 % i g?jsmzmmmﬂ. [Turn mrer_J
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10 Carbon steel is made by adding carbon to iron; this makes the iron stronger, though less flexible. A
steel manufacturing company makes carbon steel in the form of round bars. The process Is designed
to manufacture bars in which the amount of carbon in each bar, by weight, is 1.5%. Itis known that

the percentage of carbon in the steel bars is distributed normally, and that the standard deviation is
0.09%.

.
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After comments from customers, the production manager wishes to test, at the 5% level of significance,
if the percentage of carbon in the steel bars is, in fact, 1.5%. He examines a random sample of 15 bars
to determine the percentage of carbon in each bar.

(i) Find the critical region for this test. 4]

Let X be the percentage of carbon in each bar.
X~ N(Fu 0.09%)
Totest Ho:p=1-6 aqainst
Hi : lj#-' I-§ 51 lwel of s'Bniﬁgmw :
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Ho i$ nec]uml i 2-value is w ithin +he E
shaded region , i-8- critical region - 55
% Ho is rt\jufecl when Z£-116 or Z 2196 8%’?
X € 14545 or X > 15456 ! §

Sinte X is percentage of carbon, £ls
0<% <)-45 or 155< % £100 i
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The company recently launched

new |; . :
of carbon in each bar, by weight, isﬁ]ﬁzlr_;g: of flat bars made from mild steel. In mild steel the amount

omments from custome
C IS suggest that thege bars are not sufficiently flexible, which makes the

duction manage |
Ff; i randnmgg aﬁ“f56$t4that 100 much carbon has been added. He decides to perform a hypothesis
: pie of 40 of the new flat bars to find out if this is the case.

(ii) Explain why the production m
took a sample of 15 round bars

B = e e L S

anager takes a sample of 40 flat bars for this test when he only
In his earlier test. 2]

In the earlier test, the distrikudm of the carbon in
the, round bars 1s normally distributed.

For the flod bors ) the distribution of the carbon is
Mkmww.Aswnplbsiy. of N 230 i red to

perfm, Ceitral Limid M}%i 50 the
distribulion Can be approXit

o a Netmals
distriovtion .

The amounts of carbon, x%, in a random sample of 40 flat bars are summarised as follows.

n =40 Ex=10.16 Ix*=2.586342

(iif) Calculate unbiased estimates of the population mean and variance for the percentage amount of

carbon in the flat bars. [2]
(Zx)*
7= 2% e X
- N 1016
ois b [aspoane ~ ]
= 0.254 = 1-4621 % 10-*

= 1-46 % 10~4

‘i:
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(iv) Test, at the 21% level of significance, whether the mean amount of carbon in the flat bars is more
than 0.25%. You should state your hypotheses and define any symbols that you use. [5]

To test Ho: |L=0-‘2.5 admsi'

Hy : w2025 at 257 level of sian,i{-?mnce-

(W represents the populotiov mean of carbon perwenta
i}:l;:dvfld bar . 4 5
I albeniiwg hypoth )
H : i s

[ nazive hypotnes: WY

T

| .

Siny n 15 IN?b 20y CLT : XAN(025, 40 ) OpproX -

Using - tost z=§—/]_& ~ N(0,1)
n
= 0-254 - 0-25
NTFEXT0- %
N§o
= 2-093%

37 GG: p- valug = 0-0181
8ing p-valuy € 0025 , we rgjeck Ho of 25/ lewel of
sigruficance. We condude that the mean amounl of
cgrbm in och fHlat bar is more than 0.257,

I © UCLES & MOE 2020 ﬂ 9758/02/0/N/20 I
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