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You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.
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Answer all the questions.

Write your answers in the spaces provided in the Question Paper.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case of angles in
degrees, unless a different level of accuracy is specified in the question.

You are expected to use an approved graphing calculator.

Unsupported answers from a graphing calculator are allowed unless a question specifically states otherwise.
Where unsupported answers from a graphing calculator are not allowed in a question, you are required to
present the mathematical steps using mathematical notations and not calculator commands.

You are reminded of the need for clear presentation in your answers.
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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. (5]
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2 @ A sequence is such that u, = p, where p is a constant, and &,
(i) Describe how the sequence behaves when

(A)p=1,

fom G-C. Cesmmce 1% mcm\s::j

(B) p=5.

conetout @ D

(ii) Find the value of p for which us =101.
0= by -5
U, = 55
5& = )\A}’B
\ (=21 2 W=1r > W=l
| f?(l

(b) Another sequence is defined by v, = a, v, = b, where a and b are constants, and
Vo=V, 2y~ forn>0.

For this sequence, v, = 2v,.

(i) Find the value of b.

V,{_= Ny 12V, - }
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(i) Find an expression in terms of a for vs. [1]
VS = V.B t )Vq— -3
= atrt2(2atlt) -1

= 5p )Y

(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]
= gv\ - S, a-(

ly
w4 [(Gr) = (=) 4 4o |

1Pl - (1 240 )

\f

- 25n+1b

3

(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]

2
wo— || m> 4wy = — 60

{V\W\ GC M= (0 IFS ”)"

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




\
l

6 b

The curve C is defined by the parametric equations
1
x=3%+2, y=6t—1 wheref2>g.
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 ¢ a0
integers to be determined. Bl

L3 Y.
0\_‘/5 b1, d'f/

N
*F

L
1%

2E
M-

W Y=l b2

8._\\ = —2—()(’ M’)

S V. .—‘-\[j: Zﬁ a=
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(ii) Find the area enclosed by C, N and the x-axis. 34 (4]
lx—-0 = 3‘) = X= A/

(%

heen= f

» Y dx  + Jj_(ﬁ-l'f)(_l\)

2

el

b
- () bvde 1 2

i

_ 2053
3

(iii) The curve C and the line N are both transformed by a 2-way stretch, scz%le factor 2 in the
x-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]
YIS 2053
—xb = —

g 3

(b) Find the cartesian equation of D. (2]
AR
C:ox=a (A7) >
X -1
Gbwm x=4  §=73

‘ 2

D: ):3:3(3/3: ) + v

2

(94
X~ g =Y

I © UCLES & MOE 2020 E‘é 9758/02/0O/N/20 [Turn over I




acm

=— hcm

Fig. 1 shows the net of a square-based pyramid cut from a square of cardboard of s.ide 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 4 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.
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(ii) Find the maximum possible volume of the pyramid. You do not need to show that this value is a
maximum. (5]

[The volume of a square-based pyramid is % X base area x height.]

———————

't '2‘3 a”d 325- |54
4
v —%(»5—!51*)
_ oo e 15 9

M) T8

&ﬂ:o = fH= (1

V

"
o = |44ds

(iii) (a) Find the value of a for which the total surface area of the four triangular faces of the pyramid
is a maximum. You do not need to show that this value is a maximum. [3]

A = 4(how)

b
= 2o(

v
= 3Da— A4
=15
0‘“‘ = 30- ren =9 n
’ 15
he""7
(b) Describe the shape formed from the net in this case. (1]

Qvnm/ with 1B clole
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Shanizf and Tina are playing a game. Shania has a bag containing one green disc, r red discs and 2r
plue 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

Section B: Probability and Statistics [60 marks]

10

together the number of points for each of the two discs she takes.

(i) State Tina’s possible scores.

0, 4,0,

(1]

|
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(i) Show that the expectation of Tina’s score is ;;—:—1, and find an expression for the variance.
P(x—o — ’%)(b)c e Let X donefe Tima's sce U7
") 3rdl 3r+\
z| z
( - Lr DM—\) _ zpv—'z g :
F )(-Lf)_ 3r<l | 3Y 2 (3v) : %
4v \ ( v-| ;;' E
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55
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X 0 4 D 25
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6 In this question you should assume that T, W and D follow independent normal distributions,

James leaves home to go to work at 7 minutes past 8 am each day, where T follows the distributjqy,
N(5, 1.22).

(i) Sketch this distribution for the period from 8 am to 8.10 am. 2]

NORMAL FLOAT AUTO REAL RADIAN MP n NORMAL FLOAT AUTO REAL RADIAN MP

lower:Q
upper:10

I u:sS

g:1.2

Color: IV

Draw

n

Probo dm&rtd

i 7 VW‘Q— X=5 Y=o

A+t — -
—
(=]

0

(2 0W\§ (g:\Oam)

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

F(T? 6) =0.200 h

When the weather is fine, James walks to work. The time, W minutes, he takes to walk to work
follows the distribution N(21, 32). 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]

WA/N()\,BI)

T+ W "’N(J—L 2

/] 5

PTtw »30) = o-l0%d
~ 0-108 A
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z 7z
g ‘g’ 13
g ) When the weather is not fine, James drives to work. He still leaves at 7 minutes past 8 am each day;
E E the time, D minutes, he takes to drive to work follows the distribution N(19, 6°).
g g 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. [5]
i Ta D o~ N[o4
+ ~ —_—

) 25
Z )z
g g P(T+2 730) = 016331
s s
0w 9
. - 29
= . -4(0-]0}8)'\'0‘3 0.[63
: L Prob (e fov work = 0
s
S & = 0124417
z z
Q 0
(a] D

RU} Prob P(olaﬂ‘g fme \ \ate v WW\“)

0.0F5%é
/
0-l2 L% T

0-b06
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80s produced the following data for the average

7 A study into the germinati ip seeds in the 19 s
y germination of parsnip peratures, 1, measured in degree

number of days, d, taken for a seed to germinate at different soil tem
Fahrenheit.

t 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 betweerEzd
and . ]

= - 0-8%3
A,\

31 \1)
wr fon B )
' NORMAL FLOAT AUTO REAL RADIAN MP n
X
¥ (63,14)
iy |- oo o " . ). S . x )
: . \ HHHHHH
T —7t
3L bS

asn. x s . 1
(ii) 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]

Fom G.C- O=ms.1r b= TusLy
AL ~ 460

r= 09|
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z
§
: The study also found that, at a soij] temperature of 86 degrees Fahrenheit, parsnip seeds took an
; average of 32 days to germinate.
z
E (iii) Determine whether Lim’s model fits this additional data. &
0
§ NO - Q,')("‘VV\ f)\)l&'havl i
z
%
9
F
z
E
k
2
3

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

C=3(F-32).
Z . : : .
5 (iv) Write Lim’s equation from part (ii) in terms of d and T, where T is the temperature in degrees
E Celsius. .
% ' 5

— T. 2 - 32
ol= - 45 (1 ”}456-‘P(Tf "ﬂ(t 2
; 4T - 16D
: Suym L= ——5’_
2
g Qusi-k
—_—
d= - WS- 12t ~aro0
5
2
g 47300
! ~ - 145 § (2
E ~ 974 (40
j
E
i
:
i
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2|z
1
8 Ina game, a computer randomly chooses 12 shapes from 11 circles and 17 rectangles. The numbe, E 3
of rectangles chosen is denoted by R. £ E
g |z
() Show thatP(R = 1) < P(R = 2). (2] E RY
x4 3
PR = === Jowuss 2 g
" 88
1 "
| |7I L ‘ - rs‘ )
TRV L s (o) B
R= —— T = 1359 30\ LI
28 302 2 iz
€ § f g
0 0
1
2|z
ELE
£ g
(=
g8
88
The number of rectangles available is now increased by r. The computer randomly chooses 12 shapes % | (Z,
f.rom the 11 circles and (17 + r) rectangles. The probability that 4 rectangles are chosen is now 15 E g
times the probability that 3 rectangles are chosen. 0 Ko
L { E
K,
(ii) Find the value of r. (5] z2 z
= EE
p(r) = 7 (2=3) 1
o0
fr4Y ] H”wc g g
“C. X C c 3 00
¢ 4 _ 4 (1) |
4 w z' 2
1
(F4r S
F4v Ue C (S o §e
e C = 6! 3 FIE
5 % 2|2
1
| o
g £v = 20 oiS
olo
o/ Q
Y= b
V4 |
z 2
0!
(144
22
[N )
EIE
z I 2
o
§s
5lg
tous P A C
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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.

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.

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

Al pevls have ul/ml thavte 0—€ b@(\j thogen .

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

Let K be # f faslty pene & box of 100 pens
X~ B ( 10, 0-06)

P(%25) = 0-99|

(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 # o bores beiny jected ot of 15
Y~ (s, lfo-78!'6>

Py >33 = 17 P(12)

0.053%5
o 0.0534

\|
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$ An alternative testing procedure is tri _
¢ a box and tested. is trialled in which a random sample of 5 pens is initially taken from
r

A e If there are no faulty pens i .

4 o If there are 3 or mo pf ns in this sample of 5 the box is accepted.

E e Ifthereare 1 or2 f:;ha“lty i in this sample of 5 the box is rejected.

§ the box. When the seczrf); ns in this sample a second random sample of 5 pens is taken from
9 faulty pens found in the cosa‘? ple has been tested, the box is accepted if the total number of
l mbined sample of 10 is 2 or fewer and rejected otherwise.

(iv) Find the probability that a rand )
alternative testing procedure ?snug:;y chosen box of 100 pens 18 accepted for sale when l[hsc;

let W denstes of faidty pevt ot of O-
W~ 8e(s, 0.06)

e
TAAROT

DO NO T VNI L e ity
CO MO WRITE TS

o(v=0) £ Plu=) (W< 1 plw=)p(w=2)
= 0143

E IN THIS MARGIN
_'__#________——/—‘—"‘
WRITE 1N s MARGIN

DO NOT WRIT
o -DB—NOT

THIS MARGIN N

S MARGIN

(v) Explain why the factory manager might prefer to use the alternative testing procedure. m
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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%. 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 % Awout n‘{ cwbm m  each bav.
H,: M 15
H,: p#FLId
AR o’
Uodev H, X”"‘(\'SI B )
Test Sahetic: € = X-15

°‘°%Ts

(vtical Regpon : Re) Ho f

)

Pt

Z —1.9459 > 1-951
o.oy',',s o.oy',',s
%< 145k X 7 1345

. . < = . X <00
__R(jHorg 0<% <145 w 1-BH <X
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The company recently launched 5

: new lin . ; ¢
of carbon in each bar, by weight, is 0.251 ‘;Of flat bars made from mild steel. In mild steel the amoun

Comments from customers Suggest that these bar
production manager suspect that too much carbon h
test on a random sample of 40 of the new flat bars

s are not sufficiently flexible, which makes th.e
as been added. He decides to perform a hypothesis
to find out if this is the case.

(ii) Explain why the production mg

flager tak is test when he onl
took a sample of 15 round bars j ger takes a sample of 40 flat bars for this tes y

n his earlier test. [2]

Quee i (s e line of bave, fiey may net follow  worwad
-L- le
dittnbwtion.  W=%o, n U lavﬁe,, hasce \L‘j “'Tr e gaump

vibourtion
Wmea  awpwrt q‘f cavkon  Follie novwsl  devi

;

|

)

g

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

E n=40 Ex=10.16 ZIx=2.586342

‘z’

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

1

) a | 016

- — -— —

§ X oash  €s 3‘.,(.;.594341 v

J

f = 0.000lb2

i

y

3

)

3

R

2

|

4

;

2

3

§

3

2
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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]

Null \nﬂPvﬂmstg H, : M= 0-35

Hltwmative hyootesie ;- M7 039

/M it the Porlﬁ’hm WMLAN 0{ e % v( coror v e bave.

2

S
, N e
Uder By e m s b by CLT. o5, 55)

Z 0-025
FVOW\ 61(. p—vqluu, = O-OIZZ

Hence rc‘:)ec*f Ho ot 3'5"/0 [eved o{ ng\iﬁwMu_ avol emelude
Mot feve 8 wificenrt  ewdmce Hat dhe wmem amowrt

é
vf coavbon ¢ more 4 025 A
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