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Section A: Pure Mathematics [40 marks]

1 A quadratic curve has its minimum point at (1, —2) and has gradient 5 at the point where x = 2. Find

the equation of the curve.

(lJ'Z)

When =23

=9

Wheax=1,%% =0

By GC: a=%
4 3—‘2‘% -5t

| © UCLES & MOE 2020

[5]

x=2
5radieni'=5

Let the q’uad ratic eq,ugmm be = ax*+bx +C.

s atbte=-2——)

%‘% 2axt b

5 =2a(2) +b
4a+b =5

@
2q+b =0 @

, b=-5,¢2 =3

A




e
* 0012166735004 *

MM

(@) A sequence is such that u, = p, where p is a constant, and ", |

=2u, -5, forn > 0,

(i) Describe how the sequence behaves when

A p=7, W=7+ (1)
Uz=2(#)-5 = c'
Uz =2(4)-5 =

Ug = 2(13)-5 "ZI
The 3eivumc.e increaseS to mf:ﬁl
(B) p=5. )

u:
2(5) 5=%
3 =2(5)-5=35
Ug=2(5)-5=)
The ceguence is a conedont s @ o} 5
(ii) Find the value of p for which us, =101, fUY twm . 2]

Ui=Pp

Ua=2p=3

u3-z(2p-5) §=4p-I§

Ug = 2(4p=15) =5 = 8p-35

Ug= 2(8p-35)-5=I6p - 75
Let 16p — 35 = 101

16p= 116
p=Ill

(b) Another sequence is defined by v, =a, v, = b, where a and b are constants, and

Voa =¥ 42y =7, forn>0.
For this sequence, v, = 2v,.
(i) Find the value of b. [3]
&J’llh n=|: V3=K+£V1-¥
=q+eb-*

when =2 Vyg= V¢t 2V - ¥

= b +a(ataab-%)-#
=24 t5b =&l

Sinee V4= uZV3

then 2at 5b=-2l = 2(at b=~

2 +5b =2
—
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(ii) Find an expression in terms of a for Vs.

when n=3: V5= V3 +2Vg - ¥
=(at+i4-3)+ 2(2a+35-21) -%

= Sa+28

[1]

(c) The sum of the first n terms of a series is n° — 11n* + 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]

In= Sn — Sn-i
=(n’-1n*+4n) - [(n=1)>-11 (n=1)*+ 4 (n=-1)]

=y -l t4n = (F-3n"+3n=-) +N(A"~2n+)) -4an+ 4
= 3n?-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
(2]

terms of this series. Find the value of m.

Given Sm = §3
m>-llm2+4m= a¥t-91112

m3=ll m* +4m + 60 =0
BY GC ‘im=10, 3 (r?j-) or =2 (f?j-)

I © UCLES & MOE 2020 % 9758/02/0/N/20 [Turn over I
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The curve C is defined by the parametric equations

1
x=3#+2, y=6t—1 wherel2g.
The line N is the normal to C at the point (14, 11).

(i) Find the cartesian equation of N. Give your answer in the form ax + by = c, where a, b and ¢ gy,
integers to be determined. 3]

I © UCLES & MOE 2020 E 9758/02/0/N/20
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(ii) Find the nclosed by C, N and the x-axis [4]

Ama=_[;|i Ydx + %("1-5'14)(”)

= [t=2 et Netdt + 30-25 = 114-28
t=2 S = 114 59 wit$

(iii) The curve C and the line N are both transformed by a 2-way stretch, scale factor 2 in the
x-direction and scale factor 3 i th y-direction, to form the rveDandth l eM.
(a) Find the area enclosed by D, M and the x-axis [1]

14 - 28 X 6=6855
= 686 59 wnit$

(b) Find the cartesian equation of D. (2]
¢ artesian eqn- of C=
x=3(4l) +2
122 = (y+1)* + 24
J stale fader 2 stretch in the X- direction,
12(3) =(y+1)* +24
6x = (yt1)*+24
d scale factor 3 shetch in the y-ditection
X = (i+)"+z+
6xX = £ﬂ+3> +24

X = (3* 3 ¢ 4
L LES & MOE 2020 E% 9758/02/0O/N/20 [Tl,lrn ﬂ\fﬂ
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Fig. 1 shows the net of a square-based pyramid cut from a square of cardboard of szﬁdﬂ length 30 cm.
The net consists of a square of side length a cm and four isosceles triangles, each with base*a c¢m and
perpendicular height 2 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]

H2=h'-(2)" —Q) 2h + a = 30
h 30;& @
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H = (20:4)- (3)°

4 E

= 225 - 154 (shown). i c
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(if) Find the maximum possible volume of the e pyramid. You do not need to show that this value
maximum, 5]

[The volume of a square-based pyramid is :—'3- X base area X height.]

V=13xa*x '\laas-/sa,

N 225 - 150
It =0 ~2a*+i50a=0
a (150 - zsa,) 0
a=0 Lrﬁ) or @ =12 wm
Vmax- = 35X 144 XaJag5 - 130 = 32199

= 322 em?®
(iii) (a) F nd the value of a fo wh ch 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]
i"r“'l
A= 4[2Xa X
= 30q-4°
dA = 30-2a
A

Let 30-24=0 -:c@=I5cm

(b) Describe the shape formed from the net in this case. [1]
2 = Z
When a =15 , H°=225-15

The hciﬁht of the pyramid would be“0cm",
. EUCLES & MOE 2020 ﬁ 9758/02/0/N/20 [Turn uver_l
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Section B: Probability and Statistics [60 marks]

S Shania and Tina are playing a game. Shania has a bag containing one green disc, r red discs and 2,
!::lue discs, where r > 1. A red disc is worth 5 points, a blue disc is worth 2 points and the green disc
1s worth O 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.

10

4

(i) State Tina’s possible scores. [1]
iR,GJ=0 {G,B8)=0
{R\R}J=25 [B,Bj=4
{R,BJ=10

s : : - 11 ; :
(if) Show that the expectation of Tina’s score is L , and find an expression for the variance.

[7]

3r+1

l.ef X be the quei'e. r-v. c(znﬁfing Tina % § O/

|

P(X=0)={R,G] + [ 6, B]
[ x S x 2l #[mm X xx 2]
= 4 o

2
3 (3r+1) T

P(X=4) = E 6, BJ )
= 2K 2r-1 = 2(2r-i
st 3N 3(3r+1)

p(X=10) =7 R, BJ = 2T X é%x 2!

= 4r
3(3r+i1)

_ _ - >\ - = —
P(X-&5)- (R/R} = 3r+i X rg}\ .5’?31"!1-1)

3Gre)  @rD)

I © UCLES & MOE 2020 % 9758/02/0/N/20 I 0
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-2 r=I
£ (X)- 4(4("3”:)) ¥ (S(Sr‘ﬁ) (3(3&1)
= |6r=8 +t40r +25r - 25

3(3r+l)
= 8Ir=-33 - Q-
3(3r 'H) 3r+ | (Sh Own).

| 4r—2 4r ool |
E(X°) = 16(zgaren) +190(3Grmy *"5(e(ar+:)

647 =32 + 4007 + €257 - €25
3 (3r+1)

= 363r-211
@Gr +1)

. = 363r-211 _ 23r-=I1l 2
Var (X r+l ( 3r+| )
= (363r-201)(3r+1) = Q¥Fr-i)*
(3r+1)3

= 360r°+300r - 340
(3r+1)?
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(iii) Given that the variance of Tina’s score is 38, find the value of r. [2]

3601+ 3007 - 340
(3r+1)2

By GC: (= J

= Jb

I © UCLES & MOE 2020 % 9758/02/0/N/20 [Turn over I
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4

In this question you should assume that T, W and D follow independent normal distributions. $
2]

James leaves home to go to work at 7 minutes past 8 am each day, where T follows the distributiop E
N(5, 1.2%). n
(1) Sketch this distribution for the period from 8 am to 8.10 am. 2] o

2

8

| | HT(”“;"
0 g /10

08:00 08:05 08- 10
(if) Find the probability that, on a randomly chosen day, James leaves for work later than 8.06 am.
[1]
a
T"\r || (6- ) -2 )

P(T26)=0-20233
= 0.202

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.

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

L -

DO NOT WRITE IN THIS MARGIN

PR RN | o e T
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. ,__._ g
y T e el R e . R
. Ly e kL s ial N -

Var(T+W) = 1:122 4+ 32 = 10.44 g

T+N ~N (26, 10- 44) s
P(T+N > 30) = 0-10%86 1
=0.108

——— 8“

o
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% When the weather is not fine, James drives to work. He still leaves at 7 minutes past 8 am each day;
E; the time, D minutes htaktdntwkfllwthdmbt n N(19, 62).
%g On average, the weather is fine on 70% of mornings.
§ é (iv) One day, James is late for work. Find the probability that the weather is fine that day. [5]
g 8
E E
z 3
£k
= :
: g Var(T+D) = 122+ 6* = 3344
T+D ~ N(24, 31 44)
2§ P(T+D 730) = 0-16340
s 2 = 0-163
5 5 P( Fine weather | James is lale fov mvk)
o B

(07X 0-10786) + (0-3X 0-16340)

0-60633
0-606
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A study into the germination of parsnip seeds in the

number of days, d, taken for a seed to germinate at differen
Fahrenheit.

1980s produced the following data for the average
t soil temperatures, 7, measured in degrees

f 32 41 50 59 68
d 172 (| 57 27 19 14

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

and 1. 2]
d (32, 172)
180 @

100

10 ¢ & = ( 63) |4)

R [Nt %
30 40 50 60 F
By G0, r=-0-84829

= -0-849
1

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

the values of @ 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 Gc, d=-145 + 9460 u
where .= 145 , b= 9460

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

(iii) Determine whether Lim’s model fits this additional data. (1]

:
:
g 8inw the value of t =86 lies oulside of the
%

o‘ﬁ data wllacted » Vs additisral datn does
awt fit Lim’s model.

Because , extrapolation does not give a

reliable eotimalion .

So sl e

A tersnperature of F degrees Fahrenheit is equivalent to a temperature of C degrees Celsius, where
C=3z(F-32).
9

(iv) Write Lim’s equation from part (ii) in terms of d and T, where T is the temperature in degrees
Celsius. [2]

d=-K5+ —7—6—10

sinee T= -3- (t- 32)

| © UCLES & MOE 2020 % 9?531’02!0!“}2“ [Tu rn 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.

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

P(R=1) = g, x "Cy = 55881 x 107

P(R: 2) — HCZ X

Henee , P(R=1) € P(R=2)

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

from 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.

16 @

(ii) Find the value of r. (3]
Eaid //
— 9 X
P(r=4)= " G4 X Cq Note: For mula in MF26
" Cre Cr = n-" l
=2)= I#17 I (JI'T). r.
P(R=3) C; X Cq
asfi‘cu

Given P(R=4) = 15x P(R=3)

l’H'rc4 x urcB iy l?ﬂ‘ca X llcq
M m
(4 5% 11Cq
140 C3 ] C9

| © UCLES & MOE 2020 %
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(1341)!
B! x4!  _
(340!
(4+4r)! x 3}
Tl _ 5wl
(13tr)! X 41 (4+r)! x 31

S (4+T)) X6 = 5% (13+1)! x 24

(H+T)X(3$R)! x 6 = 120 cM
14+T = 2(
T =6




|

* 0012166735018 * |
LU LTI " e
¢ |
9 A factory produces ballpoint pens. On average 6% of the pens are faulty. The pens are packed in E §
boxes of 100 for sale to retail outlets. It should be assumed that the number of faulty pens in a box of T g
100 pens follows a binomial distribution. 2z
. _ :
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. § lé
(1) Explain what is meant by a random sample in this context. [1] 8 | B
A random sample meano that every pe in +he box
has an etyu.t chane Of bejnﬂ, choSen - : 2
([
3 %
o Z |
(if) Find the probability that a randomly chosen box of 100 pens is accepted for sale. [1] E | E
Llet X be the T.v. albrw'l’ma number of faully pens § :
: 22
in & Sample of 10. 88

X’VB(ID/O.og)
F(xSZ) = 0-9¢116 =c0-98l

o 1

(iii) One morning 75 boxes are tested in this way. Find the probability that more than 5% of these é 2

boxes are rejected. [4] E J;':

Let Y be the r.v. ale:w’rir? number of boxes E E

gjected out of #5 boxes. {
Y~b (35, 1-0-98116)

N

P(Y”? 3.35) =P(Y2 4) i

=|- P(Y$3) it

= 0-05347 1

= 0.0535 55
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box and tested.

e If there are
o If there are

If there are 1 or 2 faulty pens in this sample a s

the box. When th !
faulty pens n the second sample has been tested, the box 1S

(iv) Find the pro
alternative te

15t Tost

oS

Let X be the T-v. dmoﬁnj number of faulty

pens in a

Xv (5, 0-06)
prob- of Acgtance = POX=0)+ [ P(u=1)- P(x2% ) +P(%122)-P(x70) ]

(v) Explain why

1655 time 15

g e

alternative testin s
: g procedure is trialled in which a random sample of 5 pens !

< initially taken from

t;u faulty pens in this sample of 5 the box is accepted.
or more faulty pens in this sample of 5 the box 1s rejected.

econd random sample of 5 pens is taken from
found i accepted if the total number of
nd in the combined sample of 10 is 2 or fewer and rejected otherwise.

bz?bility that a randomly chosen box of 100 pens s accepted for sale when the
sting procedure is used.

nd
No faulty peas ( Acupted) w

;uor fewer
| or 2 faulty pens. Y L
total. (A )
3 O0r more otherwi
Faulty pens . (Rejected) Wise

somple Of b.

= 0-33390 + [0-22636 1 0-021944]

= 0.9826 04
= 0.983

the factory manager might prefer to use the alternative testing procedure. (1]

requured, o test mndom samples

of © peno wh\.pwtﬁb to 10 pens.

F‘ ‘:UCLES & MOE 2020
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10 Carbon steel is made by adding carbon to iron; this makes the iron stronger, though less ﬁexible. 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%. It is known that

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

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.
XmN(I{,, 0-09%)
To test Ho:p =15 against
H 1|.£-'f=|'5 o 57 IWdOFS'?niHcW :
Using Z-test : 2=X=F . N(o,1
Slﬂﬂ Vm N (J )

=%-1.5 = Ji5 (X-15)
: 0-09

196 o "6

Ho 15 r%]echd i Z-valwe is w ithin the

Shaded region , i-g- critical reﬁion .

é Ho is nedufed when Z£-196 or Z 2196
JE(R-I'S) £ -196 or JT';'('J?-I-'S) % 196

0-09 0-09
X <€ 14540 or X 7 15456

SN X is per cenrtage of carbon,
0<x%1-45 or 1-155< % £100

I © UCLES & MOE 2020 ﬁ 9758/02/0/N20 I
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(ii) E?‘I]’(]am Wh}; the production Manager takes a sample of 40 flat bars for this test when he only
took a sample of 15 round bars in hig earlier test. 2]

In the earlier test, the distrikudim of the corbon in
the, round bars is normally dlistributed.

For the flot bors ) the distribution of the corbon is
unknown, . A Sample $ize of n 2 30 is red o

pexfm, Caitral Limd Theo 50 the
distribntion Can be approxim o a Nevmal
distriowdion.

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

n =40 Ix=10.16 Ix*=2.586342

(ili) Calculate unbiased estimates of the population mean and variance for the percentage amount of
carbon in the flat bars. (2]

ax
W >
i = 33 [586342 — 2> ]
0.254 = 1-4621 % 104
= |.4¢ X 10™4
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(iv) Test, at the 23% 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 : p=0-25 aqaunst
Hi : w7025 at 257/ lwel of sianjFicance.
(p represents the populotion meon of carbon percenta
i}:;, each flat bar . d ¥
Ho : hwdl hy pothesis

Hi : albernative hypothesis) y
$inw M is lorge 5 by CLT : XN (025, ﬁ‘%) approx.
| - : = X-
Using Z-teost: % S_/J% ~ N(0,1)
= 0254 -0-2%
JI-46X10-4
N4o
=2-093%

37 GGC: p- volue =70:018I

gineg p-value € 0-025 , we rgject Ho of 25/ lewel of
sigfi{-’icma,. We condude that the mean amounl of
cbrbon in €ach flat bar is more thon 0.257.
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