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Pearson Edexcel Level 3
GCE Mathematics

Advanced
Paper 2: Pure Mathematics PMT Mock 3

Paper Reference(s)
Time: 2 hours 9MAO0/02

You must have:
Mathematical Formulae and Statistical Tables, calculator

Candidates may use any calculator permitted by Pearson regulations. Calculators must not
have the facility for algebraic manipulation, differentiation and integration, or have
retrievable mathematical formulae stored in them.

Instructions

e Use black ink or ball-point pen.

e [fpencil is used for diagrams/sketches/graphs it must be dark (HB or B).

e Answer all questions and ensure that your answers to parts of questions are clearly
labelled.

e 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.

e Answers should be given to three significant figures unless otherwise stated.

Information

e A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.

e There are 14 questions in this paper. The total mark is 100.

e 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

e Read each question carefully before you start to answer it.

e Try to answer every question.

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

e [fyou change your mind about an answer, cross it out and put your new answer and
any working underneath.

e
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1. Given that a is a positive constant,
a. Sketch the graph with equation
y = la—2x]

Show on your sketch the coordinates of each point at which the graph crosses the
x-axis and y-axis.
(2)

b. Solve the inequality |a — 2x| > x + 2a

©)
a. B1 V shape with vertex on x-axis but not at the origin

B1 Correct V shape with (0, a) or just a and (g, 0) or justg marked in the correct places.

Left branch must cross or touch the y-axis.

y
A
(0.a))
G 0) X
b. M1 Attemptstosolvea —2x =x+2a = x=- of —a+2x=x+2a =>x="-
eg. a—-2x=x+2a = —-3x=a = x:_g

or —a+2x=x+2a =22x—x=2a+a =x=3a
M1 Attemptstosolvea —2x =x+2a = x=--and —a+2x=x+2a = x =

Al Chooses outside region giving correct answer only. x < —g orx > 3a

Allow alternative e.g. x < —% Ux > 3a

(Total for Question 1 is 5 marks)
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2. Solve
4*3 =6
giving your answer in the form a + blog,3, where a and b are constants to be found.

(4)

M1 Uses logs in an attempt to solve the equation.
e.g. takes log base 4 and obtains (x — 3) = log,6
Alternative takes logs (any base) to obtain (x — 3) log4 = log 6 and proceeds to

x—3 = logé6
log4
Al Changes log bases to 2 and obtains (x — 3) = _:zzzz
2

log,6 _ logy(2x3) _ logp2+log;3  1+log,3
logz4  logp22  2logp2 2

M1 This mark would be awarded for

Al Correct answer only that leads to a value of x.

1+log,3

7 1
. = x—5+510g23

eg.x—3 =

(Total for Question 2 is 4 marks)
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3. Given that

use differentiation from first principle to show that

d
W _ 2
dx

(3)

M1 Begins the process by writing down the gradient of the chord and attempts to expand the
correct bracket.

%(x+h)3—§x3 _ %(x3+3x2h+3xh2+h3)—§x3

h h

Al Reaches a correct fraction or equivalent with the x3 terms cancelled out

i(x3 +3x2h+3xh? +h3)—§x3 }é+x2h+xh2 +§h3 —}<

e.g. - -

x? + xh + %hz

Al Completes the process by applying a limiting argument and deduces that Z—Z = x2 with no
errors seen.
The " ?1_2: = " doesn’t have to appear but there must be something equivalent e.g. "f'(x) ="
or “Gradient = ” which can appear anywhere in their working. If f'(x) is used then there

is no requirement to see f(x) defined first. Condone e.g. j—i ->x% or f'(x)- x?

1
— d . x%h+xh?+zh3
Condone missing brackets so allow e.g. ﬁ = lim 2

) 1
= limx? + xh +=h? = x?
h—0 h h—0 3

Do not allow h = 0 if there is never a reference to h —» 0

X2h+xh?+=h3

dy _ . 3 im 22 102 — 2
eg.—~= ;g% - = }ll_r)r(l)x +x(0) +5(0)" =x* is acceptable
dy x2h+xh?+h3 2 1 2 2 - . .
but e.g. o= T3 = x* + x(0) +§(0) = x> isnotifthereisnoh — 0 seen.

The h — 0 does not need to be present throughout the proof. e.g. on every line.

2 3

to complete the limiting

1
gh

2h+
They must reach x? + xh + %hz at the end and not ——

argument.

(Total for Question 3 is 3 marks)
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4. A sequence a4, a,, as is defined by

a, = sin? (%)

Find the exact values of

a. i) a,
i) a,
iii) as
(3)
b. Hence find the exact value of
100
.o (T
z{n + sin ( 3 )}
n=1
3)
: 3 . 3
a.l. Bl aq; = 1 eg.a; = sin? (g) = "
s 3 . 2 3
in.Bla, = " e.g. a, = sin? (?n) =3

i Bla; =0  eg.a;=sin*(¥)=0

b. M1 Attempts a correct method to find the sumof 14+ 2+ 3 + -4+ 100

eg. == (2 +99) or —=(1 + 100)

M1 Attempts a correct method to find Y299 sin? (%)

£0. 66 X2+ 0r33x2+33x2+2

4 4 4 4 4
Must be a correct method for the correct sequence.
eQ I+ 0+ 42+ 0+ 24240+

A15050 + 2= = 220
4 4

or exact equivalent e.g. 5100.25

(Total for Question 4 is 6 marks)
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5. The table below shows corresponding values of x and y for y = log;(x)
The values of y are given to 2 decimal places as appropriate.

x 3 4.5 6 7.5 9
y 1 1.37 1.63 1.83 2

a. Obtain an estimate for f3910g3(x) dx, giving your answer to two decimal places.

@)
Use your answer to part (a) and making your method clear, estimate
b. i) f: logsvVx dx
i) [, °logs(9x3) dx
@)

a. Bl Statesand usesh=1.5
M1 A full attempt at the trapezium rule.

Look for thezirh{l + 2+ 2 x (1.37 4+ 1.63 + 1.83)} but condone copying slips

Allow this if they add the areas of individual trapezia. e.g.

their h
2

their h their h

TR (137 + 1.63} + 2 thetr b

2

(1+137}+ {1.63 + 1.83} + {1.83 + 2}

A19.50

b. i.Blawrt475 eg.; X logyx =~ x 9.50 = 4.75
ii. M1 States and implies that log; 9x3 = 2 + 3log;x and

f31810g3(9x3) dx = [2x]38 +3x9.50 = -+ orequivalent work for

finding the area of the rectangle as 2 x 15
Al Correct working followed by awrt 58.5
e.g.[2x]38+3x9.50 =2x18—-2x 3 +3 x9.50 =58.5

(Total for Question 5 is 6 marks)
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Figure 1
Figure 1 shows a sketch of part of the curve with equation
f(x) =4cos2x —2x +1 x>0
and where x is measured in radians.
The curve crosses the x-axis at the point A, as shown in figure 1.
Given that x-coordinate of A is «
a. show that « lies between 0.7 and 0.8

)

Given that x-coordinates of B and C are 8 and y respectively and they are two
smallest values of x at which local maxima occur

b. find, using calculus, the value of § and the value of y, giving your answers to 3
significant figures.
(®)
c. taking x, = 0.7 or 0.8 as a first approximation to a, apply the Newton-Raphson
method once to f(x) to obtain a second approximation to @. Show, your method
and give your answer to 2 significant figures.

)
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a. M1 Attempts the value of y at 0.7 and 0.8 with at least one correct to 1 significant
figure rounded or truncated.

e.g.y = 4cos2(0.7) — 2(0.7) + 1 = 0.28and y = 4 cos 2(0.8) — 2(0.8) + 1 = —0.72

Al Both values correct to 1 significant figure rounded or truncated with reason (sign
change and continuous function) and minimal conclusion (root).
e.0.¥lp7 =03>0, y|log =—0.7 < 0 and function is continuous so there is a root.

b. M1 Differentiates to obtain Asin2x + B

Al Correct derivative j—i = —8sin2x — 2.
Allow unsimplified e.g. j—z = —4 X2 X sin2x — 2

. . . d . .
There is no need for derivative ﬁz ... just look for the expression

dM1 For the complete strategy of proceeding to a value for x.
d_y
dx
Look for correct order of operations, invsina then =+ 2 leading to a value of x

When sin 2x = —i it is implied, for example, by awrt -0.253, awrt 3.394,
awrt 6.031, awrt 9.677 or awrt 12.314
For sin 2x = i it is implied, for example, by awrt 0.253 or awrt 2.889

The calculations must be using radians. If degrees are used initially they must
be converted to radians.
eg.2x =6.031... = x=3.02 or 2x =12314.. = x=06.16

=0 = sin2x=a, |a|l<1 =x=--

Al For recognising that either 3.02 or 6.16 is a solution to sin 2x = —i

Al States that f =3.02 and y = 6.16 labels must be correct
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£(0.7)
£/(0.7)
long as it is a “changed” function.

Must be correct N-R formula used-may need to check their values.

Allow if attempted in degrees. For refence in degrees £(0.7) = 3.5998... and
f'(0.7) = —2.1954 ... and gives x; = 2.3392 ...

c. M1 Attempts x; = 0.7 — to obtain a value following through on their f'(x) as

There must be clear evidence that 0.7 — ff,((oo'?) is being attempted.
Soe.g.x; = 0.7 — 27 _ g7 _ 22798685716 _ 798316467 = 0.728
£/(0.7) —9.88359784
OR
M1 Attempts x; = 0.8 — ff’(é)().s;) to obtain a value following through on their f'(x) as

long as it is a “changed” function.

Must be correct N-R formula used-may need to check their values.

Allow if attempted in degrees. For refence in degrees f(0.8) = 3.3984... and
f'(0.8) = —2.2233 ... andgives x; = 2.3285...

There must be clear evidence that 0.8 — ff,((oo'?) is being attempted.
Soeg.x; = 0.8 — 28 _ g Z07167980892 _ ;5989957315 = 0.728
f/(0.8) —9.996588824

Al x; = awrt 0.73

(Total for Question 6 is 9 marks)
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7. a. Use the binomial theorem to expand

(8 — 3x)§
in ascending powers of x, up to and including the term x, as a fully simplifying each
term.
(4)

Edward, a student decides to use the expansion with x = %to find an approximation

2
for (7)s . Using the answer to part (a) and without doing any calculations,
b. explain clearly whether Edward’s approximation will be an overestimate, or, an

underestimate.

@)

2

a. B1 Takes out a factor of 8 and writes (8 —3x)s = 4(1+---)3 or 83(1 £ )3 or22(1 £ )3

2
M1 For an attempt at the binomial expansion of (1 + ax)3z, a # 1 to form term 3 or term
4 with the correct structure. Look for the correct binomial coefficient multiplied by

the corresponding power of x.

e.g. %(...x}z or w("'ﬂs where ... # 1

Al Correct expression for the expansion of (1 — gx)3
2 3_1 2 Z—l 2_2 3
eg 1+ g x (_Zx) + (3)(23' ) x (i%x)z + (3)(3 3')(3 )(_Zx)
which may left unsimplified as shown but the bracketing must be correct unless any
missing brackets are implied by subsequent work. If the 4 outside this expansion is

only partially applied to this expansion then scores AO but if it is applied to all terms

this Al can be implied.

OR at least 2 correct simplified terms for the final expansion from, —x, —1—16x 5o X

2
Al (8—3x)i=4—x— 1—16x2 — 91—6x3 or equivalent
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OR Direct expansion in (a) can be marked in a similar way.

_ _ 2
)x 8)F x . ;x)

(B-307 = (B)F +2x (B)F X (-3 + (g) (g 1

2\ (2 2 -7 (—3x)3
+(5)G-1) G2 @7 <7

b. B1 States that the approximation will be an overestimate due to the fact that all terms

(after the first one) in the expansion are negative or equivalent statements e.g.
e Overestimate because the terms are negative
e Overestimate as the terms are being taken away from 4

(Total for Question 7 is 5 marks)
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yﬂ
R

0 4 8 12 x—

Figure 2

Figure 2 shows a sketch of part of the curve with equation
12x — x? >0
=, X
R

The region R, shows shaded in figure 2, is bounded by the curve, the line with
equation x = 4, the x-axis and the line with equation x = 8.

Show that the area of the shaded region R is % (3V2 - 2).
()
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12x—x2

Vx

M1 Correct attempt to write as a sum of terms with indices.

. . 12x  x? 1 3
Look for the terms with the correct index. e.g. — — =1 = axz — bx2
X2 X2

M1 Integrates x™ — x™*1 at least 1 correct index

1 3 3 5
i.e.atleastl of axz » x2 , bxz —» x2

1 3 5

3 5 1 3 E 5
Al 8xz — %xz (+c¢) Allow unsimplified e.g. [12xz—x2 dx =12 X %xz — Exz

3 5
M1 Substitutes the limits 8 and 4 to their 8xz — %JCZ and subtracts either way round.

There is no requirement to evaluate but 8 and 4 must be substituted either way round

with evidence of subtraction condoning omission of brackets.
3 5 2 E 2 3 9 2
e.g. 8x2—gxz =8><82—E><82—8><4z—5x4z

Al Correct working shown leading to 22 (3v2 - 2).
5

(Total for Question 8 is 5 marks)
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f(6) = 4cos@ + 5sinf 6 ER

a.Express f(8) in the form R cos(6 — ) where R and « are constants, R > 0 and

0<a< % Give the exact value of R and give the value of «, in radians, to 3

decimal places.

Given that

135
g(0) = 4+£(6)2 OER

b.find the range of g.

B1 R =+/41 Do not allow decimals for this mark.
e.g. V4% + 52 = /41

5
Mltana:iz1tana=i§ = qg=---

If R isusedtofindaacceptsina=+% or Cosa=i% = a=--
e.g.4cosf +5sinf =Rcos(0d —a) = Rcosfcosa —sinfsina
= Rcosa =4 :;cosazi% , Rsina=5 :)sina:i%

Al a =awrt 0.896

M1 Score for either end achieved by a correct method

135 ,. . 135
Look for - (implied by 33.75) , Trthenr (VA2 ° g...33.75 org....3

Al Accept equivalent ways of writing the interval such as [3,33.75]
Condone 3 < g(x) <33.75 or 3<y <3375

3)

)

(Total for Question 9 is 5 marks)
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10. The functions f and g are defined with their respective domains by
f(x) = 4 —x? XER x>0

glx) = ﬁ XER x=0
a. Write down the range of f.
1)
b. Find the value of fg(3)
)
c. Findg 1(x)
@)

a. B1 Correct range. Look for f(x) < 4.
Allow equivalent notation e.g.y < 4,f <4,y € (—, 4]

b. M1 Full attempt at method to find fg(3) condoning slips. Implied by a correct answer or
3.75
e.g. For a correct order of operations so require an attempt to apply g (3) first and then

f to their g (3)

2 2

2 \? 2 3

eg 4— (%) =4-(5) =32 or g8) == =05 = £(05) =4-052=3.75
Al Correct exact value. 3.75 or 3% or 175

c. M1 Changes the subjectof y = ﬁ and obtains x = ZJ;—" orx = ii 1 or equivalent

Alternatively changes the subject of x = ﬁ and obtains y = ZiTx ory = %i 1or

equivalent.
— 2— _ 2
Alg ) =22 gl =2-1
Condone y = 2.1

X

B1 Correct domain. 0 <x <2  Allow equivalent notation e.g. x € (0,2]

(Total for Question 10 is 6 marks)
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11. Prove, using algebra that
n?+1

is not divisible by 4.
4)

M1 For the key step attempting to find n?2 + 1 whenn = 2korn = 2k + 1

Al Achieves 4k? + 1 for n =2k or4(k?+k)+2 forn=2k+1or 4(k?—k) + 2 for
n=2k-1

dM1 Attempts find n? + 1 whenn = 2k andn = 2k + 1

Al Correct work and states “is not divisible by 4” with a final conclusion e.g. so true for all
n(€ N). There should be no errors in the algebra but allow e.g. invisible brackets if they
are recovered.

Alternative method:

M1 Sets up an algebraic statement in terms of a variable (integer) k or any other variable
aside n that engages with divisibility by 4 in some way and can lead to a contradiction.
No need for explicit statement of assumption-accept if just a suitable equation is set up.
In this case supposing divisibility by 4 by stating n? + 1 = 4k

Al Reachesn? =4k -1 = n*=2Q2k-1)+1
egni=4k—1=4k-2+1=2Qk-1)+1

dM1 For a complete argument that leads to a contradiction.

Accept explanations such as “as n? is even then n is even hence n? is a multiple of 4 so

n? + 1 cannot be a multiple of 4”

e.g. as n? is even so n = 2m is even hence n? is a multiple of 4
Asn?isamultipleof4thenn?+1=4m?+1=4m?+2-1=202m?+1) -1
cannot be a multiple of 4 so there is a contradiction.

Al Draws the contradiction to their initial assumption and concludes the statement is true for
all n. There must have been a clear assumption at the start that is contradicted, and all
working must have been correct.

e.g. So the original assumption has been shown false.
Hence “n“ + 1 is never divisible by 4” is true for all n

(Total for Question 11 is 4 marks)
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12. A curve has equation y = %Where k is a positive constant.

i. Show that % = %

@)
ii. Given that the curve has exactly one stationary point find the value of k.

@)

a. 1. M1 Attempts the quotient rule to obtain an expression of the form

(x + k)(pe* + 2xe*) — (2xe¥)q
(x + k)?

condoning bracketing errors. If the quotient rule formula is stated it must be correct.

, 1,qg>0

May also use product rule to 2xe* (x + k)~ to obtain an expression of the form
pxe*(x + k) 2+ q(x+ k) te*(x+1), p<0,q>0 condoning bracketing
errors. If the quotient rule formula is stated it must be correct

Al Correct differentiation in any form with correct bracketing which may be implied by

subsequent work.

X X\ __ X
eg RGN o _gyeX(x+ k) +20r + k)N (x + 1)

dy  e*(2x%+2kx+2k)

Al Obtains —= = )2

ii. B1 States thatj—z = 0andthen 2x2+42kx+2k =0
M1 Attempts b? — 4ac ...0 with a = 2,b = 2k, c = 2k where ... is either “ =", <, >

eg. (2k)2 —4x2x (2k)...0 = 4k?—16k..0

Alternatively attempts to complete the square and sets rhs ... 0
2 2
e.g.2[x> +kx+k] =0 :>(x+§) - +k=0 = (x+§) =k72—k
leading to k4—2 —k =0
Alk =14
e0.4k> —16k=0 = 4k(k—4)=0=k =4

OR ©-k=0 = k2-4k=0 = k(k-9H=0 =k=4

(Total for Question 12 is 6 marks)
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13. Relative to a fixed origin O
e the point P has position vector (0, —1,2)
e the point Q has position vector (1,1,5)
e the point R has position vector (3,5, m)

where m is a constant.
Given that P, Q and R lie on a straight line,

a. find the value of m

@)
The line segment OQ is extended to a point T so that RT is parallel to oP
b. Show that |OT| = 9v3.

@)

a.M1 Attempts two of the three relevant vectors by subtracting either way round.
+PQ = +(i + 2j + 3K)
or +PR = +(3i + 6j + (m — 2)k)
or +QR = +(2i + 4j + (m — 5)k)
dM1 For the key step in using the fact that if the vectors are parallel, they will be multiples
of each other to find m
e.g.Q?=2?5 SO m—-5=2x3
PR=3P0Q so m—2=3x3
Q—R)zéﬁf S0 m—5=§(m—2)
Alm=11
b.Vector approach
M1 Deduces that OT = 10Q = Zi + Aj + 5Ak and
attempts RT = (A—3)i+ (A —5)] + (54 —m)
dM1 Correct attempt at finding A using the fact that RT is parallel to opP
eg.RT = 0P = (A—-3)i+ (A-5)j+ (54— m)k = —aj +2ak
= (1-3)=0 and (5A—-11)=2a = A=3 =4=2a =a=2

AL|OT| =93

e.g.ﬁ=3i+3j+15k = |W|=\/32+32+152= 93
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Alternative:
M1 Deduces that OT = 100 = Zi + Aj + 5.k and
attempts OT = OR + /,@7” = 3i+ 5j + mk + u(—j + 2k)
dM1 Correct attempt at finding A or u using the fact that 20Q = OR + uOP
eg A+ Aj+50k=3i+ G —-pwj+(m+20)k = 1=3
or A=5—pu and 5A=114+2y = A=3 andu=2

AL |OT| = 9V3

e.g. 0T =3i+3j+15k = |0T|=v32+32+15% = 9V3

Similar triangle approach T

0]
M1 For the key step in recognising that triangle QPO and triangle QRT are similar

with a ratio of lengths of 2 : 1
dM1 States or uses the fact that |0T | = 3|0Q|

AL|0OT| = 9v3

(Total for Question 13 is 6 marks)
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1

14. a. Express Goam in partial fractions.

)
A scientist is studying the mass of a substance in a laboratory.
The mass, x grams, of a substance at time t seconds after a chemical reaction starts is
modelled by the differential equation

2%‘:(3—x)(1—x) t>0 0<x<1

Giventhatwhent = 0,x =0
b. solve the differential equation and show that the solution can be written as
3 -1
3et -1
(%)

c. Find the mass, x grams, which has formed 2 seconds after the start of the reaction.
Give your answer correct to 3 significant figures.

1)
1)

d. Find the limiting value of x as t increases.

a.M1 Correct method of partial fractions and finds at least one of A or B

1 A B _
e.g. D = G + T = 1=AB—-x)+B(1—-x)

=>x=1, 1=24 = A= x=3 ,1=-2B = B="--
1

1

Al Correct partial fractions not just values for A and B. i 2
B-x)  (1-x)

b.B1 Separates variables correctly. dx and dt should be in the correct positions, though this
mark can be implied by later working.

dx = [~ dt o [—2——dx=/[dt

1
e9- | o G-

M1 Correct attempt at integration of the partial fractions.
e.g. Look fortaln(3—-x) £ fIn(1 —x) wherea#0, S #0

Alft Fully correct equation following through their A and B only.
e.g. %ln(B —X) —%ln(l —X) =%t +c o InB—x)—In(1—-x)=t+c

M1 Attempts to find “c” using t = 0,x = 0 following an attempt at integration.
e.g. %ln(B) —%ln(l) =c = %ln G) =c = %lnB =c

or In(3)—1In(1) =c = In G) =c In3=c

d
©)
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Al Correct processing leading to the given answer.

3 -1
T 3et—1

e.g.%ln(B —x) —%ln(l—x) =%t+%ln3 =InB—-x)—In(1—-x)=t+1In3

_ _ _ _ _ 3—-x _ 3-x ¢
=2IInB—-x)—Inl-x)—In3=t =In (3(1_x)) =t = -=e
=3—-x=e'(3-3x) = Bet—1x=3et-3 =

3t -1
¥ T 3et—1

_ 3(ef-1)

Or InB3—x)—In(1—x)=t+1In3 = =

c.B1 x = 0.906 grams

2_
i.e. Substitutes t = 2 leading to avalue of xe.g x = 352_1) = 0.906

dBlx=1
'G5
eg.ast > x= 9 =309
et(3—;) 3-

(Total for Question 14 is 9 marks)
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15. The first three terms of a geometric series where 6 is a constant are
—8sinf, 3 — 2cosf and 4cotf

a. Show that 4cos?6 + 20cos8 +9 =0

@)
Given that @ lies in the interval 90° < 6 < 180°,

b. Find the value of 6.

)
c. Hence prove that this series is convergent.

)
d. Find S,,, in the form a(1 — v3)

)

3

a.M1 For the key step in using the ratio of =2 = =
1

az

3-2cosf _  4coth
—8sin@® ~ 3-2cos@

e.g.
dM1 Cross multiplies and uses cot 8 X sin 6§ = cos 8
e.d. (3—2cosh)? =—-32cotfsinf = (3—2cosf)?=—-32cosh
Al Proceeds to the given answer including the “0” with no errors and sufficient working
shown.
e.0.9—12cos8 + 4 cos? = —32cosf = 4cos?0 +20cosf+9=0
b.M1 Attempts to solve 4 cos?6 + 20 cos @ + 9 = 0. Must be clear they have found cos 8
and not e.g. just t from 4 t2 + 20t + 9 = 0. Working does not need to be seen but must
solve a 3TQ correctly.

e.g. 4 cos?0 +20cos8+9=0 = (2cosf +1)(2cos8 +9) =0
= cosf = —1,0059 =-2
2 2

Al 6 = 120° and no other values.
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c.B1 States that a = —4+/3 or r——ﬁ or —?

Qe 0o _ _ _ 3-2cos120° 4 1
eg. a=—8sin120° = —4v3 and r = Tesiniz00 a3 3

B1 States that |[r| < 1

e.g. —% lies between —1 and 1

d. M1 Uses both values of “a” and “r” with the equation S, = é = 1:?_‘5) to create an

V3
expression involving surds where a and r have come from appropriate work and |r| <1

Rationalises denominator. The denominator must be of the form a + bv/3 or

equivalente.g. a +

\/_
V3 a7
—b+\/3 3 . ..
\/_ X Z—b\/§ or —2-x—2 jssufficient.
CJ.‘l“/—§ Cl—\/—§
N
—4y3 11— —43 1——
9 —FX5  of TrXoT
1+? 1—? V3 NS
Al Obtains 6(1 —/3)
43 1—£ 4/3+4 4y/3+4 3
6y —EX—% = - = =5 = Z(4-4/3)
142 12 1-5 3 2
1
-43 173 —4y/3+4 —4\/3+4 3
or = x—% = =5 = —5— = >(4-4/3)
1+ﬁ 1—ﬁ 1—5 3

(Total for Question 15 is 9 marks)
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16. 4

/

v

Figure 3

Figure 3 shows a sketch of the curve C with parametric equations
x=-3+6sin8 , y = 9 cos 260 —ESHS%

where 6 is a parameter.

. . dy .
a. Find an expression for ﬁ in terms of 6

)
The line | is normal to C at the point P where 6 = %
b. Show that an equation for I is
_1L9
Y=3%73
3)
c. The cartesian equation for the curve C can be written in the form
y=a-— % (x + b)?
where a and b are integers to be found.
(2)
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The straight line with equation
y= gx +k
where k is a constant intersects C at two distinct points.

d. Find the range of possible values for k.
®)

dy
a.M1 For the key step of attempting j—z =49 There must be some attempt to differentiate
o
both parameters.
dy _ psin26

d i dx
e.g. ﬁ = psin 26 —5 = q.cos 6 where p, q are constants =% 7 cos 0

d, —18sin 26 —3sin26 . . .
AlY =202 = 23027 Correct expression in any form is acceptable.
dx 6 cos@ cos @

b.M1 For attempting to find the values of x and y and the gradient at 8 = % and getting at

least two correct. Follow through on their 3_3; so allow any twoof x = 0,y = 2

2'
d 4
2 = _3 ortheir 2 atg =12
dx dx 6 9

e.g.x=—3+6sin9=—3+6sin%=0 , y=9c0529:9c052x%:2

dy —3sin2x>

6 — _3

T
dx —
cosg

M1 For a correct attempt at the normal equation using their x andy at 8 = %With the
negative reciprocal of their j—z atf = g having made some attempt at j—i and all

correctly placed.
For attempts using y = mx + ¢ they must reach as far as a value for c using their x and

yat 6 = %With the negative reciprocal of their j—i atg = %all correctly placed.

9

e.g.y—§=§(x—0) or y=§x+c = §=§(0)+c =c=

Al Proceeds with a clear argument to the given answer with no errors.
1 9
y=3x+3

c.M1 Attempts to use cos 260 = 1 — 2sin?8 or equivalent to obtain an equation involving y
and (x + b)?

2
eg.y=9(1-2sin’0) = y=901-2(=))

Al Obtains y = 9 — 2 (x + 3)2
e.g. y=9—£(x+3)2 :>y=9—%(x+3)2
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d.M1 A full attempt to find the upper limit for k.
9—§(x+3)2=§x+k = 54—3(x+3)% =2x + 6k
=3x24+20x +6k—27=0 = b?—4ac=20>—-4x3x(6k—27)>0 k="

181

Al k<—
18

An alternative method using calculus for upper limit
d ST .. 1 . . .
M1 for ﬁ = "alinear expression in x" sets = e solves a linear equation to find x and then

substitutes into the given result in (c) to find y and then uses y = %x + k to find a value
for k.

eg.y=9-1(x+3? = L=—-(x+3), ~(x+3) =1 = x=-2
10 1/ 10 2 161
x=-2 = y=o-3(-F+3) =1

y=ix+k === (-D)+k = k=-

An alternative method using parameters for upper limit
M1 Substituting parametric form of x and y into y = gx + k, uses cos 20 = 1 — 2sin%@

rearranges to3TQ form and attempts b? — 4ac ...0 or e.g. b?> —4ac > 0 or
b%? — 4ac < 0 correctly to find a value for k

y=lx+k :>900329=1(—3+6sin0)+k
3 3

1
= 9(1-2sin?0)==(-3+6sinf)+k = 18sin?0+2sinf+k—-10=0
3

=  b*—4ac=22—-4x18x(k—10)=0 k=12

18
Alk =22

18

M1 A full attempt to find the lower limit for k. This requires an attempt to find the value of x
and the value of y using 8 = % the substitution of these values into y = éx + k and
solves for k
eg.x=-3+6sinf =-3+6sin-=-3+3V2, y=9c0s20 =9cos2x-=0
y=§x+k = 0=§(—3+3\/7)+k = k=

Alk=1-+/2 Look for this value e.g. may appear in an equality.

Al Deduces the correct range for k 1-V2<k< %

Allow equivalent notation e.g. (k <= and k21-v2), (k<2 nk21-2)

and [1 -2, E)

18
(Total for Question 16 is 12 marks)
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