P69602A

©2022 Pearson Education Ltd.

[ORVAVAVAVAYS

Please check the examination details below before entering your candidate information

rCandidate surname

.

Other names

Centre Number Candidate Number

Pearson Edexcel Level 3 GCE

Time 2 hours

Paper

reference 9 M AO / O 2

Mathematics
Advanced

\

PAPER 2: Pure Mathematics 2

[ You must have:

\

Mathematical Formulae and Statistical Tables (Green), calculator

N
Total Marks

J

Candidates may use any calculator allowed by Pearson regulations.
Calculators must not have the facility for symbolic algebra manipulation,
differentiation and integration, or have retrievable mathematical

formulae stored in them.

Instructions

Use black ink or ball-point pen.

If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).

Fill in the boxes at the top of this page with your name,

centre number and candidate number.

Answer all questions and ensure that your answers to parts of questions

are clearly labelled.

Answer the questions in the spaces provided
— there may be more space than you need.

You should show sufficient working to make your methods clear.

Answers without working may not gain full credit.

Inexact answers should be given to three significant figures unless

otherwise stated.

Information

® A booklet ‘Mathematical Formulae and Statistical Tables'is provided.

® There are 16 questions in this question paper. The total mark for this paper is 100.
® The marks for each question are shown in brackets

— use this as a guide as to how much time to spend on each question.

Advice
® Read each question carefully before you start to answer it.

Try to answer every question.

® Check your answers if you have time at the end.

P 6 9 6 0 2 A 0 1 4 8

Turn over

©

Pearson



In this question you must show all stages of your working.

o 620 9564

S

Solutions relying entirely on calculator technology are not acceptable.
Y A P i
y=|3—2x|
>
0 X
Figure 1
Figure 1 shows a sketch of the graph with equation y = ‘3 - 2x|
Solve
|3 - 2x‘ =7+x
C))
S-2x = 7 +% - (R-25) = 7+
-4 = 3x —3 4+ 2x = 7+
-4 - x ~ = |o
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2. (a) Sketch the curve with equation

X

y=4

stating any points of intersection with the coordinate axes.

(b) Solve
4" =100

giving your answer to 2 decimal places.

(2
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3. Asequence of terms a, a,, a,, ... is defined by

(a) (i) Show that this sequence is periodic.

(1) State the order of this periodic sequence.

(2)
(b) Find the value of
2
(2)
o i) a, =5
Ay =8—-3 = §
A = -5 = 3
Ay = £-3 = §

-
N

L/ S A = 3 +5 4345 .. +3+E +3
>

= 42(z+5) +3
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4. QGiven that
y=2x

use differentiation from first principles to show that

dy
= =4
dx x
3)
, ] \ l/u‘
7[/35) = )™M '/’(,L""‘/ T/
k=0 Lo o
[ -/ 1 \1 o | ..z
oly = b~ c(x k) i
Jdx k=0 [
P St el i
= .= o Lo

[im 22t + ¢l + 2L — 2t
K=o e

lina Gl 20"
h=> 0 N

If

= [ im S
-0 G o

.
T N
Ax
- y
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5. The table below shows corresponding values of x and y for y = log,2x

The values of y are given to 2 decimal places as appropriate.

X 3 4.5 6 7.5 9
y 1.63 2 2.26 2.46 2.63

(a) Using the trapezium rule with all the values of y in the table, find an estimate for

9
J. log, 2x dx

3
3)
Using your answer to part (a) and making your method clear, estimate

(b) (i) | log,(2x)" dx

3

9
(i1) | log,18xdx

3
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Figure 2

Figure 2 shows a sketch of part of the curve with equation y = f(x) where

f(x)=8sin(%x)—3x+9 x>0

and x is measured in radians.
The point P, shown in Figure 2, is a local maximum point on the curve.
Using calculus and the sketch in Figure 2,

(a) find the x coordinate of P, giving your answer to 3 significant figures.

“4)
The curve crosses the x-axis at x = a, as shown in Figure 2.
Given that, to 3 decimal places, f(4) =4.274 and f(5)=-1.212
(b) explain why a must lie in the interval [4, 5]
1)
(c) Taking x,=35 as a first approximation to a, apply the Newton-Raphson method once
to f(x) to obtain a second approximation to a.
Show your method and give your answer to 3 significant figures.
(2)
aL/ MaKivum  where #'(k) =0
filz)=ypeose) =3
ges(Lx) -3 =0
AN 0 0 0
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Question 6 continued
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. (a) Find the first four terms, in ascending powers of x, of the binomial expansion of

4 —9x
writing each term in simplest form.
“4)
. . . 1 .
A student uses this expansion with x = 5 to find an approximation for 3
Using the answer to part (a) and without doing any calculations,
(b) state whether this approximation will be an overestimate or an underestimate of V3
giving a brief reason for your answer.
1)

5y (¢ - 9x) "

4 R
L
2( 1 — L)
o 2 Fr - 3
2(( —+ %('qix.) + z(z’z.)(—%—x) - ’iL ’;)i %\ ('%1))
2(1 = x — 3\ 7 ——,zzﬁLi3
g | 2% o2
2 - Xy — 22722 57
& [ 512
b/ It il be oan overeshmete oy oll

'Fﬁ//aw;l\.‘g termy w: |l Le nLac_l-—;UC.
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In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

VA

=V

19) z\f/"f

Figure 3

Figure 3 shows a sketch of part of a curve with equation

(x — 2)(x - 4)

e >0
y 4dx X

The region R, shown shaded in Figure 3, is bounded by the curve and the x-axis.

Find the exact area of R, writing your answer in the form a V2 + b, where g and b are
constants to be found.

(6)

Crosfes x wilhen 4 =0

CURVEELS
o = Cx ’-7_3(3&_—-'_‘.)
> =2 * =y

y = Lat__z_)(—:_—q)

4=

= >x?® - 6Ex + ¥
q':c“i
| = L -L
= — x "E—-LL—I'ZS-L
Y 2
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Question 8 continued
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Figure 4 Figure 5

Figure 4 shows a sketch of a Ferris wheel.

The height above the ground, Hm, of a passenger on the Ferris wheel, ¢ seconds after
the wheel starts turning, is modelled by the equation

H=|Asin(bt + 0)°|
where A, b and a are constants.
Figure 5 shows a sketch of the graph of H against ¢, for one revolution of the wheel.

Given that

* the maximum height of the passenger above the ground is 50m /4 =50

+ the passenger is 1 m above the ground when the wheel starts turning ,2wea £ =0 H =|

» the wheel takes 720 seconds to complete one revolution b = 2

/180 < 4
(a) find a complete equation for the model, giving the exact value of 4, the exact value
of b and the value of a to 3 significant figures.

4)
(b) Explain why an equation of the form
H = |A4sin(bt + 0)°| +d
where d is a positive constant, would be a more appropriate model.
1)
a) H=/$‘0 :;n(-,;—m‘:ﬂfd" whea t=0 4=y

l:/ﬁ s-’noc|

+ | .
— = ’ d.
-0 S:n

& = I_)So

22

R 0 0 O R armm
P 6 9 6 0 2 A 0 2 2 4 8

VISV SIHENEILIIM TONOC Va4V SIHLNE LM LONOG

V3IHY SIHLNEILIHM ION Od



( )

Question 9 continued
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(Total for Question 9 is 5 marks)
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10. The function f is defined by
8x+5 3
f(x) = —= _2
0= 3 ¥
(3
a) Find f'| =
(a) ( 2)
(2)
(b) Show that
fx)=4A+ ——
) 2x+3
where 4 and B are constants to be found.
(2)
The function g is defined by
gx)=16 —x’ 0<x<4
(c) State the range of g i
(1) =
(d) Find the range of fg' :::gi%{z
3) e
2 _ 2 +5
o/ - - 3 -
‘ < L x ¥ 5
Z(2=+3) = 2(8=x +5)
6= + 9 = léx + 10
| = O s
> = = —-I—.—
10
—_
LTy s -
]L (’;: ) - 10
(Y
L/ 2> +32 [g=+5
¥ x 412
-7
L J
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Question 10 continued
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11. Prove, using algebra, that
- n(n® +5)

i1s even for all n € N.

(C))

l'f N 5§ even. © et = 2m

o 0 Jo%od
$8:
: N . | - <+ SRR
I w5 sdd: ef n = 2M
v poogiorr
%:m»’o

(Z-aw,) ( (ZM-r/)z -rs‘)

(ZM—:"I)(‘_[MZ-# ra +| 15|
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‘ZM"!‘IJ(_#NZ"‘ Yo+ )

A P4
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12. The function f is defined by

fr) = —
Ax" + k

where £ is a positive constant.

(a) Show that

£'(x) = (12x° — 8x + 3k) g(x)

where g(x) is a function to be found.
3)

Given that the curve with equation y = f(x) has at least one stationary point,

(b) find the range of possible values of £.
3)

f2) = 3e™(422tk) 1 Pxe’™
= 2% 6,31' -+ 3k.€32' + &’1631

= 631()21,2 t gz + Zk)

A</ L=¢ c= 3k

b*- 4ac > o
(£)"-4(12) (k) > ©

64 - luqk > 0

: 9
K ir a fasfszve Cony lon 0 < k < £
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13. Relative to a fixed origin O

» the point 4 has position vector 4i — 3j + Sk
» the point B has position vector 4j + 6k
* the point C has position vector —16i + pj + 10k

where p is a constant.
Given that 4, B and C lie on a straight line,

(a) find the value of p.

— —
The line segment OB is extended to a point D so that CD is parallel to OA

%
(b) Find ‘OD ‘ , writing your answer as a fully simplified surd.

EERERG

g2 = = (7 (a wwttiple of € )

HEYEY

Ly

(:-5 7‘-(—}) a HuH’fple af (‘)_7;:
D

é

o) = 3(4) n walfiple of 6B
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14.

36

(a) Express _ 3 in partial fractions.
2x=-D(x+1)
When chemical 4 and chemical B are mixed, oxygen is produced.

A scientist mixed these two chemicals and measured the total volume of oxygen
produced over a period of time.

The total volume of oxygen produced, ¥'m’, ¢ hours after the chemicals were mixed, is

modelled by the differential equation

a 3y
dt Q=D +1)

where k is a constant.

Given that exactly 2 hours after the chemicals were mixed, a total volume of 3m’ of

oxygen had been produced,

(b) solve the differential equation to show that
C 32t -0
o+
The scientist noticed that

» there was a time delay between the chemicals being mixed and oxygen
being produced

» there was a limit to the total volume of oxygen produced
Deduce from the model
(c) (1) the time delay giving your answer in minutes,

(ii) the limit giving your answer in m’

a/ 3 = A B

—t
(Zz—l)(_):-'“\ 2 =< —) = +

-~ = A(>+1) + B(2Zzx~—1)
Levx x =

3= T 38

g2 =- )
Let- x= 7 3= Z A

A = o

P 6 9 6 0 2 A0 3 6 4 8
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Question 14 continued

2x —|  + |
L —dv = E dt  wheat=2 V=3
/ (Ze—:)(-l-r))
v 2t -l t rl
Il V = //\.(26—-/) - [,q({——f'/) + C
Ju 3 = n3 —[li 3 +C
c = g
I Vv = lA_(U:'l)—l'\(-l:'f’) t a3
_ 2 (2 1)
ln.v = Py —
Vs - Z‘Zt'—"
£+
i) o = 3(2¢-1)
€ +1
o = 3(2¢-1)
o = 2 -|
I = L&
L= Vs = SO0 miviulen

€+ 3
&y t ;crea;-cJ y bprruache.r é -( (%
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15. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

Given that the first three terms of a geometric series are
12cosd 5+ 2sinf and 6tand
(a) show that

4sin*f—52sinf+25=0

Given that @ is an obtuse angle measured in radians,

(b) solve the equation in part (a) to find the exact value of 6

(c) show that the sum to infinity of the series can be expressed in the form

k(1-+/3)
where k& is a constant to be found.
a/ S+ 250 = _bL tarb
/2 tos b Cr2sinb
(S_'/'Zﬁa 9)(4-‘!' Zs','aﬂ) = 72 Eonb cos b

25 +205in8 lfr}nlﬁ = 72(;'%%)056
26 + 2Dsiad + (}«S;Alé < 72506
Ysinth - SLiind +15 =0

. - 2f . I
L/ 5,4#- q- sinb ==

X
_ ¢
b2,
4 i1 oblwe .. 22—

6
e
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Question 15 continued

n

¢/ S e

[+ 2~

_ (c1ev3) (2-93)
CG+v3)(3-93)

= T5¢J3 + 54
¢

= 2(t-y3)
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16.

=V

Figure 6
Figure 6 shows a sketch of the curve C with parametric equations

V4 V4
x=2tant+ 1 y=2sec’t+3 7 <t<§

T
The line / is the normal to C at the point P where ¢= 7

(a) Using parametric differentiation, show that an equation for / is

1 17

=——x 4+ —
YT

(b) Show that all points on C satisfy the equation

1( 1y +5
= — (x—
)

The straight line with equation

y=- Ex +k where k is a constant

intersects C at two distinct points.
(c) Find the range of possible values for £.

T

i ;'l_"_-' 2 ettt ) -+ tanla = Jeo

C))

2

! dt

9-(] +ton?t ) 43

e
]

= 2 4+2bkaltt 3

AN

LN TBm loNOd
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Question 16 continued

\\j:'b_rp—tbv\n \-)2—
_gl_'j_ = W Eant s—ﬂézt'
oA &
Jy =  Ytantsect
o x ZS‘CCZL—
= Zé'a_ﬂé"
wlhien {'=£ _j'i"?_,:Z
"
™~ 6} normel = — }7_
]
s = hnf)+l = + 3
when ¢ Z r=2 (L” Y L@J%)L
= 3 —
9 - <j, = M(:x_ ——:Ll\
-
9y - 7 -——7(1—?)
29 - )4 = —>x t 3
24 = -—-»>x | 7
9y = _/IL—'.)I—"" -
2
b/ X —) = 2 tont
L'::.-—-l)t = 4 Eon® t

1

LlLLS&C:Lt' "'l\

4 Sectt — 4y
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Question 16 continued

CDL’I)Z=2_\3_Q_¥'-

(=)= 24 —10
(x-N*+10 =249
/,Z'(J_—-I)l'f's =Y

7: —'{x. A—K

S (x-1) +8 =

- * - W
11_7——1—?! + 1o = — o T 2l
2
i - = = || — 2\ = O

A=/ b= -/ C = 1)) — 2|

LL—L{'Q.C 2 0
[—/}l-—-'-r(l)(ll—z,kj >0

) — 44 T &K > 0

Fk > w3
K > *3-

Mo X l'IM;‘l" ¢ when ¢= =71

)L:“—M(_%%/ : (a,-ﬂz*3 = 7
- - I
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