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Teacher Notes

These Bronze, Silver and Gold worksheets are designed to be used either straight after the content
has been taught or as part of a skills gap analysis, especially as students move into year 13.

They are drawn from the latest specification questions and legacy questions. The papers are
between 25 and 35 marks.

The topic number on this worksheet relates to the corresponding chapter number in the ‘Pearson
Edexcel A Level Mathematics: Pure Mathematics Year 2’ textbook.

Non-Calculator Questions

The new specification allows calculators to be used in all papers. We have, however, put these
questions together with the intention that students can complete them without a calculator. It’s
important for pupils to be able to maintain their non-calculator skills, especially on topics such as
surds or indices, to support question that use the keywords “show that” or “prove”. If you wish to
ease the difficulty slightly then you can, of course, allow students to attempt them with the support
of a calculator.

Quick Links

(Press Ctrl, as you click with your mouse to follow these links)
e Bronze Questions
e Bronze Mark Scheme
e Silver Questions
e Silver Mark Scheme
e Gold Questions
e Gold Mark Scheme

Extension and Enrichment

If you have students that have enjoyed the challenge of the Gold questions, then they should have a
go at the more challenging question from our Advanced Extension Award (AEA) papers. The
Mathematics AEA is a single, 3 hour non-calculator paper, taken at the end of year 13. It helps
students to develop high level problem solving and proof skills. It is entirely based on the content of
the A Level Mathematics Course. No extra material needs to be covered to take the AEA in
Mathematics. A second important difference is that marks are awarded for the clarity and quality of
their solution. Developing this key skill, alongside the extra problem-solving experience, can pay
dividends in the way they approach A Level Mathematics and Further Mathematics problems.

More information about the Advanced Extension Award can be found here on the Pearson Edexcel
Website, or here on the Maths Emporium

ALWAYS LEARNING PEARSON



https://qualifications.pearson.com/en/qualifications/edexcel-a-levels/advanced-extension-award-mathematics-2018.html
https://www.mathsemporium.com/category/advanced-extension-award-mathematics/

Bronze Questions

Non-calculator

The total mark for this section is 25

Q1
x*+3x—4
a) Simplify fully ———.
@ Smphly ly 5 o3
3)
(b) Write 5 + 5 as a single fraction in its simplest form.
x+2 x-
3)
(Total for Question 1 is 6 marks)
Q2
Express

23x+2) 2

9x" —4 3x+1

as a single fraction in its simplest form.

C))

(Total for Question 2 is 4 marks)

Q3

for) = 3x* — 5x% — 16x + 12,
Given that (x + 2) is a factor of f(x),

Factorise f(x) completely.
C))

(Total for Question 3 is 4 marks)




Q4

for) =4x> — 12x* +2x - 6
Hence show that 3 is the only real root of the equation f(x) =0

C))

(Total for Question 4 is 4 marks)

Q5

Express in partial fractions.

5
(x - 1)(3x + 2)
(&)

(Total for Question 5 is 3 marks)

Qo6

Prove that for all n € N, n? + 2 is not divisible by 4.
“4)

(Total for Question 6 is 4 marks)

End of Questions



Bronze Mark Scheme

Q1

(b)

(x+4)(x-1)

(2x—-3)(x—-1)

Ax—-2) . 3(x+2)

Tx-—2

(x+2)(x-2) (x+2)(x-2)

(x+2)x—2)

M1 for (x + 4)(x — 1)
M1 for (2x — 3)(x— 1)
Al cao

M1 for denominator (x +
2)x—2)oeorx2—4
4x—2)

G =2y
I(x+2)
(x+2)x-2)

M1 for

(MB. The denominator must
be (x+2)(x-2)orx* -4
or another suitable
common denominator)

A1 for Tx—2 or
(x+2)x—2)

Tx-2

% —4

SC: If no marks awarded
then award B1 for

4(x-2) A 3(x+2) .

g S e




Q2

?ﬂﬁgp Scheme Marks
Ox* —4=(3x-2)(3x+2) At any stage Bl
Eliminating the common factor of (3x+2) at any stage
2058 _ _
(3x—2) 3}4”2 3x—2 s
Use of a common denominator
2Bx+2)(3x+1) 209 —4) = 2Bx+])  2(3x-72) Ml
(Ox° -4 Bx+1D) (O —4)(3x+1) Bx—213x+1) (Bx+1{3x-2)
(3x— 2?[3x+1} R e
(4 marks)
Notes

Bl For factorising 9x° —4 = (3x—2)(3x+ 2) using difference of two squares. It can be awarded at any

stage of the answer but it must be scored on E pen as the first mark

Bl  For eliminating/cancelling out a factor of (3x+2} at any stage of the answer.

M1 For combining two fractions to form a single fraction with a common denominator. Allow slips on the
numerator but at least one must have been adapted. Condone invisible brackets. Accept two separate
fractions with the same denominator as shown in the mark scheme. Amongst possible (incorrect)

optlons scoring method marks are
2(3x+2) 2(0x° —4)
O —)Bx+1) O -9)@Bx+])
2xdx+1-2x3x-2
(3x—2){3x+1)
6
(3x—213x+1)
This is not a given answer s0 vou can allow recovery from “invisible” brackets.

Alternative method
2(3x+2) 2 2B3x+2(3x+1)-20x"-4) _ 18x+12 has scored 0.0.1,0 so far

07 —4) (Br+l) (0x% —4) (3x+1) T —4)(3x+1)

__ 63«42
J[jx’+ 21{3x-2)3x+1)

6
 (3x=2)(3x+1)

Only one numerator adapted, separate fractions

Invisible brackets, single fraction

ismow 1,1.1,0

and now 1,1,1.1



Q3

Qmsncml Scheme Marks
number
(x+2)(3x* =11x+6) M1 Al
(x+2)(3x=2)0x-3) MIAl )
(If continues to “solve an equation’, 15w)
Q4
Question Scheme Marks | AOs
Begins division or factorisation so
2 2 M1 2.1
4 -120° +2x - 6=(x-3)(4x° +..)
4 -12x7 +2x—6=(x-3)(4x" +2) Al 1.1b
Considers the roots of their quadratic function using completion M1 21
of square or discrumnant =
(4x® +2) = 0 has no real roots with a reason (e.g. negative
number does not have a real square root, or 4x” +2 >0 for all x) Al 24
S0 x =3 15 the only real root of f{x) =0 *
4)
Q5
%l:ﬁgg:' Scheme Marks
5 ool g
(x—l}(3x+2) x—1 3x+2
5=A(3x+2)+B(x-1)
x—=>1 5=54 = A=1 M1 Al
x—}-—§ 5=—§B = B=-3 Al (3)




Q6

General points for marking question 6:

Students who just try random numbers are not going to score any marks.

Students can mix and match methods. Eg you may see odd numbers via logic and
even via algebra

Students who state 4m” + 2 cannot be divided by (instead of is not divisible by)
cannot be awarded credit for the accuracy/explanation marks, unless they state
correctly that 4m” +2 cannot be divided by 4 to give an integer.

Students who write n° +2 =4k = k = %nz +% which is not a whole number gains no

credit unless they then start to look at odd and even numbers for instance

Proofs via induction usually tend to go nowhere unless they proceed as in the main
scheme

Watch for unusual methods that are worthy of credit (See below)

If the final conclusion is 7 € R then the final mark is withheld. 7€ Z" is correct

Watch for methods that may not be in the scheme that you feel may deserve credit.

If you are uncertain of a method please refer these up to your team leader.

Eg 1. Solving by modulo arithmetic.

All neN mod 4

0 1 2

All n* eN mod 4

0

1

All n* +2eN mod 4 2 3
Hence for all n, n* + 2 is not divisible by 4.
Q6 Scheme Marks AOs

Notes: Note that M0 A0 M1 A1 and M0 A0 M1 A0 are not possible due to the way the
scheme is set up

M1: Awarded for setting up the proof for either the even or odd numbers.

Al: Concludes correctly with a reason why #n* + 2 cannot be divisible by 4 for either n odd or

cven.

dM1: Awarded for setting up the proof for both even and odd numbers
Al: Fully correct proof with valid explanation and conclusion for all n

Example of an algebraic proof

For n=2m, n’+2=4m*+2 M1 2.1




Concludes that this number is not divisible by 4 (as the explanation is Al L1b
trivial) '
For n=2m+1, n*+2=(2m+1) +2=.. FYI
s dM1 2.1
(4m” +4m +3)
Correct working and concludes that this is a number in the 4 times table
add 3 so cannot be divisible by 4 or writes 4 (m2 + m) +3 e AND Al* 2.4
states ......hence true for all
“)
Example of a very similar algebraic proof
2
For n=2m, M *2_,2,1 MI 2.1
4 2
Concludes that this is not divisible by 4 due to the % Al 1.1b
(A suitable reason is required)
2 2
For n=2m+1, X2 _dmtdm+3 _ o 03 M1 | 21
4 4 4
. oL 3
Concludes that this is not divisible by 4 due to the 2 Al* 24
...AND states ...... hence for all n, n* +2 is not divisible by 4
“)
Example of a proof via logic
When 7 is odd, "odd Xodd" = odd M1 2.1
so n° +2 is odd , so (when 7 is odd) n*> +2 cannot be divisible by 4 Al 1.1b
When 7 is even, it is a multiple of 2, so "even Xeven" is a multiple of 4 dM1 2.1
Concludes that when 7 is evenn® +2 cannot be divisible by 4 because n’ Al* 24
is divisible by 4.....AND STATES ........ trues for all n.
“)
Example of proof via contradiction
Sets up the contradiction
M1 2.1

‘Assume that n* +2is divisible by 4 = n* +2 =4k’




= n’ =4k —2=2(2k —1) and concludes even

Note that the M mark (for setting up the contradiction must have been Al 1.1b
awarded)
States that »n’ is even, then n is even and hence n”is a multiple of 4 dM1 2.1
Explains that if #’is a multiple of 4
then n” + 2 cannot be a multiple of 4 and hence divisible by 4 Al* 2.4
Hence there is a contradiction and concludes
Hence true for all n.
“4)

A similar proof exists via contradiction where

Al: n? =22k -1) = n=2x~2k—-1

dM1: States that 2k —1 is odd, so does not have a factor of 2, meaning that # is irrational



Silver Questions

Non-calculator

The total mark for this section is 28

Q1
Show that __ 3x+6 _ _x+5  simplifies to ax where a is an integer.
x* —3x-10 x —25x
“4)
(Total for Question 1 is 4 marks)
Q2
Express 24 — as a single fraction in its simplest form.
X -9 x+3
“4)
(Total for Question 2 is 4 marks)
Q3
Express

3x+5 2

Xl A2 x=3
as a single fraction in its simplest form.
C))
(Total for Question 3 is 4 marks)

Q4
Express in partial fractions
S5x+3
(2x + D(x + 1)*

“4)
(Total for Question 4 is 4 marks)

X



Q5

Express

3 | - 6
2x+3 2x-3 4x* -9

as a single fraction in its simplest form.

C))

(Total for Question 5 is 4 marks)

Qo6

Given that

3Ix' —2x' —5x —4 = dx + e
! =ax + by +¢c+— ’
x —4 x —4

find the values of the constants a, b, ¢, d and e.

“4)
(Total for Question 6 is 4 marks)

Q7

Use algebra to prove that the square of any natural number is either a multiple of 3 or one
more than a multiple of 3.

“4)
(Total for Question 4 is 10 marks)

End of Questions



Silver Mark Scheme

Q1
Question | Working Answer Notes
3x M1 Factorising numerator and denominator
N 3(x+2) __ 3
of first fraction R ( = )
M1 Factorising denominator of second
traction
x+3 (= 1 )
x(x+5)(x-5) * =x(x-5)
M1 Multiplication by reciprocal
3(x+2) _ x(x+5)(x-5)
(x—5)(x+2) [(x+5)
Al Completing algebra to reach 3x
Q2
?\}E;EZI Scheme Marks
X =9=(x+3)x-3) B1
4x 2 4x—-2(x-3)
= - M1
=9 (x+3) (x+3ix—3)
_ 2x+6 Al
(x+3Wx—3)
2y
(x+3) (x—3)
2
503 Al
(C)




Bl ¥ —9=(x+3)(x—3) This can occur anywhere.
M1 For combining the two fractions with a commeon denominator. The denonunator must be correct and at least
one numerator must have been adapted. Accept as separate fractions. Condone missing brackets.
4. 2 43((.'c+3)—2|[.::J -9
For example accept ———— = .
=9 =x43 (x+3)(x" =9
4x 2 4x _ 2x-3
(x4+3Wx—3) (x+3) B (x+3)x—-3) (x+3)(x-3)
. |
mdone ;4::: _ 2 _ 4xix+ 31) 2
=9 x+3 (x+3)Hx" -9
simplified linear
simplified quadratic

2x+6  2x+6 (Qx+6) (2T

Accept . cand even —mM—
= (x+3)(x=3) x -9 (x*=9) (z+3)

condoning missing bracket

accept separately

as only one numerator has been adapted

Al A correct intermedhate form of

Al Further factorises and cancels (which may be implied) to reach the answer
x=3
Wy — Avr—Tvy 2 2
Do not penalise correct solutions that mnclude incomplete lines Eg = 2(x—3) = A= 2xr6 SR e ) =—
(x+3)(x—3) (x+3)x—3) x-3
This is not a “show that” question.
2 dx—-2{x-3)  2x-6  2x-3)

Note: Watch out for an answer of probably scored from

x+3 (x+3(x=3) (x+3)(x=3) (x+3)(x=3)

This would score B1 M1 AQ AD



Q3

T

Marks

(a) ¥ +x=12=(x+4)(x-3)

{31’+5}(I—3}—2{xl+x—12}u 5-2x+4) | oo
(£ 4+ x-12)(x-3) (x +4)(x-3)

Bl
Attempt as a single fraction

x-3 1

T+ (x-3) | (x+4) Sl S

{4 marks)

Notes for Question

For correctly factorising x° + x—12 = (x + 4)(x — 3). It could appear anywhere in their solution
For an attempt to combine two fractions. The denonunator nust be correct for “their” fractions.

The terms could be separate but one term must have been modified.
Condone mvisible brackets.

Examples of work scoring this mark are;
(3x+5)(x—3) At +x-12)
2 e Two separate terms
(X" +x=-12}x-3) (x"+x-12)(x-3)
3x+5-2x+4
(x+4)x-3)
(3x+5) 2’ +x-12) )
T e Separate terms, only one numerator modified
(X +x-12Xx-3) (x +x-12)(x-3)

Bl
M1

Single term, invisible bracket

: i =9
Al Correct un simplified answer —*_°
o (x+4)x=3)
x'—6x-9 : x—3
< scored M1 the frachon must be subsequently be reduced to a correct ———
(x"+x-12)x-3) x+x-12
=) to score this mark
(x+4)x-3)x-3)
1
(x+4)
Do Mot isw in this question.

If

or

Al cao

The method of partial fractions is perfectly acceptable and can score full marks

x+5 2 1 2 2 1
(x+d)x=8) =8 244 -3 -3 44
Ejl Mia Al




Q4

Question
Number

Scheme Marks

5x+3 4 B c At least one of “4” Bl

T = + + . e .
@x+D@+D°  Qr+D (D) (x+1) or “C” are corect
Breaks up their parhal fraction
A=d OCm? correctly mto three terms and | B1 cso
S both "4"=2 and "C"=2.

Sx+3z A+ + B(2x+ Dx+ D+ CO2x+ 1)
Writes down a correct idenrity and

r=—1=-2=-C=C=2 :
" p . ; i attenpts to find the value of erther | M1
X=—— D -=43=—d D —=—d = A4=12 one “4” or “ 5" or “C".

2 2 4 2 4

Either x*: 0=A4+ 28, constant: 3=4+ B+ C
x:5=24+3B+ 2C
Correct value for “B" which is found
leading to B =—1 using a correct identity and follows
g from their partial fraction | 1 €*°
decomposition.
[4]
Sx+3 2 1 2 4
So, - & - + =
2x+Dx+) (Cx+1) (x+1) (x+1r

Notes for Question

BE CAREFUL! Candidates will assign rheir own “4, B and C for this question.
Bl: At least one of “4™ or “C” are correct.
B1: Breaks up their partial fraction correctly into three terms and both " 4" =2 and "C"=2.
M1: Wntes down a correct identity (although this can be imphed) and attempts to find the value of erther
one of “4" or “B" or “C",
This can be achieved by either substtuting values into their identity or
companng coefficients and solving the resulting equations simultaneoushy
Al: Correct value for “B" which 1s found using a correct identity and follows from their partial fraction
decomposition.
Note: If a candidate does not give partial fraction decomposition then:
» the 2™ Bl mark can follow from a correct identity.
» the final Al mark can be awarded for a correct “B™ 1f a candidate goes writes out their partial
fractions at the end
Note: The correct parial fraction from no working scores BIBIM1AL.
Note: A number of candidates will start this problem by writing out the correct identity and then attempt to
find “4 " or “ B"” or “C”. Therefore the Bl marks can be awarded from this method.




Q5

Question
S b Scheme Marks
Factorise 4x° —9=(2x-3)(2x+3) B1
Use of common denominator
3 1 & 6  3(2x-3)-12x+3)+6 Ml
2x+3 2x-3 4x*-9 (2x+3)(2x-3)
4x—6
: Al

T @x+3)(2x-3)
a5 2 (2x=3) - 3 &%
(2x+3)(2x<T)  2x+3 (4)

4 marks
Alternative where 4x” — 91s not factorised
3 - 6 32x—3)4x" —9)—1(2x + 3)(4x" —9) + 6(2x + 3N 2x—3) -
2x+3 2x-3 4’ -9 (2x+3)(2x-3)4x" -9)
) 2 5 - . -
2(2x-3)}4x" -9) i (4x-6)(4x" -9) - (2x-3)8x" —18) Bl

T @x+Cr—3)ar—9) (43 Q—3)Er—9)  (2x+3)2x—3)4x -9)

" (4x —QM o 2M(41': -9) Al
@x+3)2x-)(A8<T)  x+I) =T (4’ -9)
2

= Al
2x+3

Bl For factorising 41 -9 to (2x —3){2x + 3) at any point. Note that this 15 not scored for combining the
terms (2x —3)(2x + 3) and wniting the product as 45" -9

M1 Use of commeon denominator — combines three fractions to form one. The denominator must be correct
for their fractions and at least one numerator must have been adapted. Condone missing brackets,

3 r ]
- (2:::1 g':ﬁ it is a correct intermediate stage but needs to be factorised and cancelled before Al
2 o)’

W(2x-3)-2x+3+6

Examples of incorrect fractions scoring this mark are:
(2x+3)(2x-3)

missing bracket

3(4x" —9)—4x" -9+ 6(2x + 3)(2x—3)
(2x+3)}2x-3)(4x" -9)

denominator correct and at least one numerator has been adapted.

Linear Quadratie

Al Correct simplified intermediate answer. It must be a CORRECT — or .
Quadratic Cubic

dx—6 8 -18

Accept versions of or -
(2x+30{2x-3) (Qx+3){4r -9)

-

Al cao=

2x+3
Allow recovery from mnvisible brackets for all 4 marks as the answer 1s not given.



Q6

Q.“““Dn Scheme Marks
Number
3x° —2x+7
x*(+0x) — 4)31* —9x% —5x* + (0x)—4
3x* +0x® —12x
— 2" 3 7x* 4 Ox
gl o
By Division 2x" 4 Ox* +8x
7x —8x—4
7x" 4+ 0x—28
—8x+24
a=3 |B1
3 —2x......
2 (+0x) —4)3x* —2x* —6x* + (0x)— 4
Long division as far as 8x* +0x* —12%° M1
L N
3

Twoof b=—2 =7 d=—-8 =24 | A1
Allfourof b=-2 =7 d=-8 e=24 | a1

{4 marks)

Notes for Question

Bl Stating @ = 3 . This can also be scored by the coefficient of ¥* in 33" —2x £ 7

M1 Using long division by x* -4 and getting as far as the ‘x’ term. The coefficients need not be correct.
Award if you see the whole number part as ...x" + ..x following some working. You may also see this
in a table/ grid.

Long division by (x+ 2)will not score anything until (x —2) has been divided mto the new quotient. It 15
very unlikely to score full marks and the mark scheme can be apphed.

Al Achievingtwoof b=—2¢c=Td=—08e=24.

The answers may be embedded within the division sum and can be implied.

Al Achievingallof b=-2¢=7Td=—8ande=24

Accept a correct long division for 3 out of the 4 marks scoring BIMIA1AQ
Need to see a=._., b=___, or the values embedded in the rhs for all 4 marks




Q7

Question Scheme M:rk AOs
7 NB any natural number can be expressed in the form:
3k,3k+1,3k+2 orequivalente.g. 3k— 1, 3k, 3k + 1
Attempts to square any two distinct cases of the above M1 3.1a
Achieves accurate results and makes a valid comment for any
two of the possible three cases: E.g.
(3k)2 =9k’ (: 3x3k* ) is a multiple of 3

Al

M1
(3k+1)" =9k + 6k +1=3x(3k” +2k)+1 on L1b

is one more than a multiple of 3 EPE
(3k+2)" =9Kk™ +12k +4=3x(3k> +4k +1)+1 N
(or (3-1)" =9k ~6k +1=3x(3k" ~2k) +1)
1s one more than a multiple of 3
Attempts to square in all 3 distinct cases. AI;/I(I)H
E.g. attempts to square 3k, 3k+ 1,3k +2 ore.g. 3k—1, 3k, EPE 2.1
3k+1
N
Achieves accurate results for all three cases and gives a Al 24
minimal conclusion (allow tick, QED etc.) '
“
(4 marks)

Notes:

M1: Makes the key step of attempting to write the natural numbers in any 2 of the 3 distinct
forms or equivalent
expressions, as shown in the mark scheme, and attempts to square these expressions.

Al: Successfully shows for 2 cases that the squares are either a multiple of 3 or 1 more than a

multiple

of 3 using algebra. This must be made explicit e.g. reaches 3x (3k2 + 2k) +1 and makes a

statement that this is
one more than a multiple of 3 but also allow other rigorous arguments that reason why 94°
+ 6k + 1 is one more
than a multiple of 3 e.g. “9k” is a multiple of 3 and 6k is a multiple of 3 so 9k*> + 6k + 1 is
one more than a multiple

of 37

@ Pearson



M1: Recognises that all natural numbers can be written in one of the 3 distinct forms or
equivalent

expressions, as shown in the mark scheme, and attempts to square in all 3 cases.
Al: Successfully shows for all 3 cases that the squares are either a multiple of 3 or 1 more
than a multiple of 3 using

algebra and makes a conclusion



Gold Questions g

Non-calculator

The total mark for this section is 31

Q1

9x- A B (5

= (2x+1)

. -
(x—=12x+D)  (x=1)  (x=1)

Find the values of the constants 4, B and C.
“4)

(Total for Question 1 is 4 marks)

Q2
(a) Simplify fully
2x*+ 9x—5
x +2x—15
(©))
Given that
In(2x’ +9x—5)=1+In(x" +2x-15) , x#-5,
(b) find x in terms of e.
C))

(Total for Question 2 is 7 marks)

Q3

9x* +20x—10

(x+2)(3x-1)

Express in partial fractions.

“)

(Total for Question 3 is 4 marks)




Q4

Given that

2x* 3t ex+l dx+e
- =(ax” +bx+0)+— )
(x"=1) (x =1

find the values of the constants a, b, ¢, d and e.

“4)
(Total for Question 4 is 4 marks)

Qs
Kayden claims that 3* > 2*,

(1) Determine whether Kayden’s claim is always true, sometimes true or never true, justifying
your answer.

2

(ii) Prove that V3 is an irrational number.
(6)
(Total for Question 5 is 8 marks)

Qo6
Prove by contradiction that there are no positive integers p and ¢ such that
4 p2 - q2 =25
C))
(Total for Question 6 is 4 marks)
End of Questions



Gold Mark Scheme

Q1
Question "
Siihic Scheme Marks
9x' = A(x~1)(2x+1)+ B(2x+1)+ C(x~1)’ Bl
x—=1 9=38B = B=3 M1
1 9 3
t_)_E Iz[_T] O = C=1 Auy'm'oofA_B.C Al
1’ terms 0=24+C = A=4 All three correct | Al (4)
[4]
Alternatives for finding A.
x terms 0==A+2B-2C = A=4
Constant terms (==4+B+C = A=4
Q2
L sreme o
(@) (x+5)2x-1) _ @2x-1 M1 B1 A1
(x+35)x-3 (x—3) aef
(3)
2x° +9x -5
]ﬂ R —— =1
®) [x‘+2x—15] .
2% +9x -5
TS ™~
2x -1
=—e=> 3e-1=x(e-2) M1
xr-3
= x= e—1 A1 aefcso
e=2
(4)
[7]

{a) M1: An attempt to factonse the numerator.
B1: Correct factonsation of denonunator to give (x 4+ 5)(x —3). Can be seen
anywhere.
(b) M1: Uses a correct law of log:-lml*m to combine at least two terms.
This usually 1s achieved by the subtraction law of loganithms to give
2x? i
ln[_f + 9x 5]=1_
X +2x-15
The product law of logarithms can be used to aclieve
In(2x* + 9x - 5) = In(e(x* + 2x - 15]).
The product and quotient law could also be used to achieve
In 23.’1' = A —5 =
g(x* + 2x —15)
dM1: Removing In’s correctly by the realisation that the anti-ln of 115 e,
Note that thas mark 15 dependent on the previous method mark being awarded.
M1: Collect x terms together and factorise.
Note that this 1s not a dependent method mark.
Je—1 3 -1 1-3e

Al or or . aef
e—2 ¢ -2 2-¢

Note that the answer needs to be in terms of e. The decimal answer is 9.9610559. ..

Note that the solution must be correct i order for you to award this final accuracy

mark.

Note: See Appendix for an alternative method of long division.




Q3

ﬁ“‘ﬁ"m Scheme Marks
o’ +20x —10 _ R A
x+D0x-0)  (x+2 [x-=-1
4=1 their constant term= 3 | B1
9x'+ 20x ~10= A(x+ 2)3x-1) + B3x-T) + C(x+2) Fommng a correct identity. | Bl
Either Foo9=34, ¥ W=54+38+0 Altenpts 1o find the value of
constant: —10=—24— 8+ 3O erther ose of thedr § or thewr O | M1
ar from thewr idenfity
r=—-2=M-dl-1l=-718=-l4=-TE =8=2
Correct values for
mm=mlt ==l = ——=—C = =1 L
X 3 *3 3 3 found using a correct wentaty
[4]
Alethod 2: Long Tivisisn
9x® +20x —10 St —4 :
fheir comstant lerm = 3
E+D0x-0 - (x+2Bx-1) Bt
sx-4 _ R . €
x+0x-10) (x+2) (x-1)
Ix —d=Biln-11+ Cix+ 1) Fommung a comect identity. | Bl
. i Attempis 1o find the value of
- -
Eﬂﬁ e i e ks ayther ame af thewr 5 or ther O | M1
x=—2=s_10—4=—T8 = _l4=—TB = B=2 from their idenity.
Correct valnes for
I 5 7 7 7 thesr & amdd thewr ©, wincl are
= == — = - bl — =% =
r}::tj#ili‘:-}jf:{'l Elumlg"u
Sx=d4m f3r=1) % C(x+ )
a0 . 2 1 [4]
D= 23k =10 (x=2) (3x=1)
4

1" B1: Thewr constant ferm must be equal 1o 3 for this mark.

2™ B1 (M1 on epen): Formng a correct idemtity. This can be imgplied by later working

M1 (Al om epen): Attesapts to find the value of erther one of therr 5 or their O from their identity.  This can
be achueved by either substinimg vales into their wdentity or companng coefficients and solving the

Al: Comrect values for thewr & and thewr C©, whech are found using a correct denfity.

9’ +20x 10 A B : _
Pt = 9r + 20x - 10 = A(3x -1} + B(x +2
= (x+2)Mix=-1 {I+2j"'{h__l}.l-=ldmg1n R (Gr-1)+ Blx+2), leadmg to

A=1 and §=-1 will gam a maxsmum of BOBOMI1AD




Kuie: Vi can I the P B1 from et By 4 Eﬂx—lﬂz.ﬂxd-l‘:l’_lr—l‘_l+B{3x—1‘.|+{‘{.1r+2}
(z+2NIx—=1) (x+2M3x-1)
& 5x =4 b B3ix=1+ C{x+2)
(x+2x-0  (x+2DBx-1

Altermative Method 1: Initially dividing by (x + 2)

9’ +20x =10 _ Sx+2 14
"+ 3x-0 Gx-1) (x+23z-1
5 14
=3 N L EEDETh Bl1: thew constant term= 3
-4 __ B C

" k+HOx-1 fx+z:u+{1.x-u

-ld=B3x-11+ Cix+21} Bl: Fomrumg a commect identify

= B=2 C=—6 ML Attenpls to fnd either one of e
& or theiwr  from their identity.
9x! +20x 10 _ s _, . __6
"+ DEr-0 (3x-1) {(x+2 (Bx-1)
9x” +20x -10 2 1 . ;
=13 - - ,
ix+ D0x =1 + +2 Ox-D Al: Correct answer in partial fachons,
Alternmative Methaod 2; Tmitially dividing by (3x - 1)
Ox’ + 20w -10 _ Ix+ F i
X+ -10" x4+ x+Dx-D
T, i - _
=3 TEL TR =0 Bl: their constant ferm = 3
-3 = e
"+D0x-10) (x+2) (3x-1)
—;—: Bl3x-1y+Cix+2] Bl: Forming a comect wdentiby.
==.3—i =1 Mi1: Attemipts to find esther one of thewr & or thew O
e from thear identity.
; x4+ 20x -10 ) $ i f o 1
(x+2¥3x=1) (x+2) [x+2) (3z=1)
ox’ +20x 10 2 1 .
x+ 203x 1) =3+ e d) o Gr—1) Al: Correct answer i partial fractions.




Q4

Cluestion
Number Scheme Marks
2" -1
1ot —3d4xsl
2t =2yt
—x +x+1
—X +1
X M1
a=2 stated or implisd | Al
c=—1 stated or implied | Al
25— 14—
x—1
a=2.b=0,¢=-1.d=1e=0
d=1and b=0, e=0stated or implied | Al
[4]




Q5

(i) For an explanation or statement to show when the claim 3 ...2" fails
This could be e.g.
M1 2.3
e when x=-1, 1 < 1 or 1 is not greater than or equal to 1
32 3 2
e when x<0, 3"<2" or 3" isnot greater than or equal to 2*
followed by an explanation or statement to show when the claim
3" ...2" is true. This could be e.g.
e x=2, 9..4 or9is greater than or equal to 4
Al 2.4
e when x ...0, 3" ...2°
and a correct conclusion. E.g.
e 5o the claim 3" ...2" is sometimes true
2
(ii) Assume that /3 is a rational number
So 3 =2, where p and g integers, ¢ # 0, and the HCF of p and ¢ is M1 2.1
q
1
:>p:\/§q:>p2:3q2 M1 1.1b
= p° is divisible by 3 and so p is divisible by 3 Al 2.2a
So p =3c, where c is an integer
. , ) ) , M1 2.1
From earlier, p° =3¢ = (3¢)" =3¢
= ¢’ =3c> = ¢’ is divisible by 3 and so ¢ is divisible by 3 Al 1.1b
As both p and ¢ are both divisible by 3 then the HCF of p and ¢ is not
1 Al 2.4
This contradiction implies that /3 is an irrational number
)
(8 marks)




Notes:

(®
M1:
Al:

(i)
M1:

M1:

Al:
M1:

Al:

Al:

See scheme

See scheme

Uses a method of proof by contradiction by initially assuming that /3 is rational and
expresses

3 in the form £ , where p and ¢ are correctly defined.
q

Writes v3 =£ and rearranges to make p° the subject
q

Uses a logical argument to prove that p is divisible by 3
Uses the result that p is divisible by 3, (to construct the initial stage of proving that ¢ is also
divisible by 3), by substituting p=3c into their expression for p’

Hence uses a correct argument, in the same way as before, to deduce that g is also divisible
by 3

Completes the argument (as detailed on the scheme) that V3 is irrational.

Note: All the previous 5 marks need to be scored in order to obtain the final A mark.




Q6

Question Scheme Marks AOs
6 Sets up the contradiction and factorises:
There are positive integers p and ¢ such that M1 21
(2p+q)(2p—q) =25
2p+q=125 2p+g=>5
If true then or
2p-q=1 2p-q=>5 Ml 2.2a

Award for deducing either of the above statements

Solutions are p=6.5,g=12 or p=25,¢=0

Al 1.1b
Award for one of these
This is a contradiction as there are no integer solutions hence
there are no positive integers p and g such that 4> — 4> =25 Al >
“)
(4 marks)

Notes:
M1: For the key step in setting up the contradiction and factorising
2p+q=25 2p+q=5

tb
2p-q=1 or 2p—q=5mus e

M1: For deducing that for p and g to be integers then either

true.

Award for deducing either of the above statements.

2p+qg=1
You can ignore any reference to 2p-g=25 as this could not occur for positive p and ¢.
Al: For correctly solving one of the given statements,
2p+q=25
For ) 1 candidates only really need to proceed as far as p = 6.5 to show the
P—9=
contradiction.
2p+q=5
For ) 5 candidates only really need to find either p or g to show the contradiction.
pP—q9=
2p+g=>5
Alt for ) 5 candidates could state that 2p+q #2p—q if p,q are positive integers.
pP—q=

Al: For a complete and rigorous argument with both possibilities and a correct conclusion.

@ Pearson



Question

Scheme

Marks AOs

6 Alt 1

Sets up the contradiction, attempts to make ¢* or 4,* the subject

and states that either 4p” is even(¥) , or that ¢° (or g) is odd (**)
Either There are positive integers p and g such that
4p> —q> =25=q° =4p> —25 with * or **
Or There are positive integers p and ¢ such that
4p> —q> =25=4p> =q° +25 with * or **

Ml 2.1

Sets ¢ =2n+1and expands (2n J_rl)2 =4p®>-25

Ml 2.2a

Proceeds to an expression such as

4p° :4n2+4n+26:4(n2+n+6)+2

4p° = 4n’ +4n+26=4(n2 +n)+%

e
p= 2

Al 1.1b

States

This is a contradiction as 4 p2 must be a multiple of 4

2 :
Or p must be an integer

And concludes
there are no positive integers p and ¢ such that 4> — 4> =25

Al 2.1

“)

Alt 2

An approach using odd and even numbers is unlikely to score marks.

To make this consistent with the Alt method, score

M1: Set up the contradiction and start to consider one of the cases below where ¢ is odd, m # n.

Solutions using the same variable will score no marks.

M1: Set up the contradiction and start to consider BOTH cases below where ¢ is odd, m # n.

No requirement for evens

Al: Correct work and deduction for one of the two scenarios where ¢ is odd

Al: Correct work and deductions for both scenarios where ¢ is odd with a final conclusion

Options Example of Calculation Deduction
p (even) g 2 2 2 2 2 2 One less than a multiple
4p> —q* =4x(2m)> —(2n+1) =16m*> —4n*> —4n—1
(odd) P i i of 4 so cannot equal 25
(odd) Three more than a
P | 4p>-¢ =4><(2m+1)2—(2n+1)2 =16m’> +16m—4n* —4n+3 | multiple of 4 so cannot
(odd) equal 25

@ Pearson
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Teacher Notes

These Bronze, Silver and Gold worksheets are designed to be used either straight after the content
has been taught or as part of a skills gap analysis, especially as students move into year 13.

They are drawn from the latest specification questions and legacy questions. The papers are
between 25 and 35 marks.

The topic number on this worksheet relates to the corresponding chapter number in the ‘Pearson
Edexcel A Level Mathematics: Pure Mathematics Year 2’ textbook.

Non-Calculator Questions

The new specification allows calculators to be used in all papers. We have, however, put these
questions together with the intention that students can complete them without a calculator. It’s
important for pupils to be able to maintain their non-calculator skills, especially on topics such as
surds or indices, to support question that use the keywords “show that” or “prove”. If you wish to
ease the difficulty slightly then you can, of course, allow students to attempt them with the support
of a calculator.

Quick Links

(Press Ctrl, as you click with your mouse to follow these links)
e Bronze Questions

e Bronze Mark Scheme

e Silver Questions
e Silver Mark Scheme

e Gold Questions
e Gold Mark Scheme

The Platinum Questions below are taken from the Advanced Extension Award. You can use these in
class as high-level problem-solving questions, either with individual students or as group problem
solving exercises. On the Advanced Extension Award students, typically, need to get around 50% to
get a Merit and around 70% to get a distinction.

e Platinum Questions
e Platinum Mark Schemes

Extension and Enrichment

If you have students that have enjoyed the challenge of the Gold questions, then they should have a
go at the more challenging question from our Advanced Extension Award (AEA) papers. The
Mathematics AEA is a single, 3 hour non-calculator paper, taken at the end of year 13. It helps
students to develop high level problem solving and proof skills. It is entirely based on the content of
the A Level Mathematics Course. No extra material needs to be covered to take the AEA in
Mathematics. A second important difference is that marks are awarded for the clarity and quality of
their solution. Developing this key skill, alongside the extra problem-solving experience, can pay
dividends in the way they approach A Level Mathematics and Further Mathematics problems.

More information about the Advanced Extension Award can be found here on the Pearson Edexcel
Website, or here on the Maths Emporium

ALWAYS LEARNING PEARSON



https://qualifications.pearson.com/en/qualifications/edexcel-a-levels/advanced-extension-award-mathematics-2018.html
https://www.mathsemporium.com/category/advanced-extension-award-mathematics/

Bronze Questions g

Non-calculator

The total mark for this section is 32

Q1

The function f'is defined by

f(x)= . yeR, x#2

(a) Find £7'(7).
(2)

ax+b

(b) Show that ff(x)= where a and b are integers to be found.

x-3

(&)

(Total for Question 1 is 5 marks)

Q2

2x+ 5
o(x) = x=5
2() x—3

(a) Find gg(5).

(2)
(b) State the range of g.

1)
(c) Find g '(x), stating its domain.

3)

(Total for Question 2 is 6 marks)




Q3

The function f has domain —2 <x < 6 and is linear from (=2, 10) to (2, 0) and from (2, 0) to
(6, 4). A sketch of the graph of y = f(x) is shown in Figure 1.

v

o
10 +
2 ¢ 2 s ¥
Figure 1
(a) Write down the range of f.
1)
(b) Find ff(0).
(2)
The function g is defined by
gx 4+31. xeR, x#5
5—x
(c) Find g '(x).
3)
(d) Solve the equation gf(x) = 16.
S)

(Total for Question 3 is 11 marks)




Q4

5
0 \/ >
A(3,-4)
Figure 2

Figure 2 shows a sketch of the curve with the equation y =f(x),xell.

The curve has a turning point at A(3, —4) and also passes through the point (0, 5).

(a) Write down the coordinates of the point to which 4 is transformed on the curve with
equation

(i) y=[f(x)

(1) y=2f [%x}

2

C))
(b) Sketch the curve with equation
y=1f(l)
On your sketch show the coordinates of all turning points and the coordinates of the
point at which the curve cuts the y-axis.
3)
The curve with equation y = f(x) is a translation of the curve with equation y = x2.
(c) Find f(x).
2
(d) Explain why the function f does not have an inverse.
(1)

(Total for Question 4 is 10 marks)

End of Questions

@ Pearson



Bronze Mark Scheme

Q1

Question Scheme Marks AOs
@ Either atte 3x—7
mpts =T=x=_
2 M1 31a
Or attempts  {'(x) and substitutes in x=7
7
— oe Al 11b
4
)
(b) a0
0 ; S :
R o g _
Aﬁemprs ff{l)= \ - J _ Xl:_?)x ?) ?I:A 2,:' hll 1.1b
fjl'_?[_z 31‘—?—2(1‘—2) dmM1 1.1b
L x-2)
. Al 21
x—3 '
(&)
(5 marks)
Notes:
(a)
M1: For either attempting to solve ot 7. Look for an attempt to multiply by the (x—2)
J' —
leading to a value for x.
o b . 1 2x-7
Or score for substitutingin x=7 in f (x). FYI £ (x) = =
x=3
The method for finding f ~(x) should be sound, but you can condone slips.
A L
4
®)
oo 3x-T. , ,
M1: For an attempt at fully substituting into f(x). Condone slips but the expression must
x—2
|" * _ * \l
Ix —a
| ®_ & .
have a correct form. E.g. ﬁ where a and b are positive constants.
|2
| ¥ _*¥ |
dM1: Attempts to multiply all terms on the numerator and denominator by (X—2) to create a fraction g:‘;:'%
T
. ; P(x) x-2
where both P(x) and Q(x) are linear expressions. Condone o) X——
Ty —
Al: Reaches — via careful and accurate work. Implied by a =2,b=—7 following correct work.
x=3
Methods mnvolving — —=a+—— may be seen. The scheme can be applied in a similar way
X—2Z — <
pyp X7 g1
x=2 x—2



Question Scheme Marks | AOs
g(x) = “"_*3'“. x=5
. 25)+5 . . 2("75")+5
: =277 g5 = g5y =22 170 _
(a) 8()=—3 5= g0 =~ M1 1.1b
Way 1 =
’ gg(:’1j=ﬂ 'u:sr4i or 4.4 | Al 1.1b
9 | 9 /
2)
(2x+5) _ (205)+5) .
'} >
@) O P . DA AR @)= i M1 | Llb
Way 2 =T oxes | B Fasyas - '
| =3 | NOEED
gg(ij=ﬂ | c:r-1i or 44 | Al 1.1b
9 | 9 /
2)
(b) {Range:} 2<y= IT:J Bl 1.1b
05)]
(c)  2x+5 e ale e A=
Way 1 Y=z » 3y=2x+5= x—2xr=3y+5 M1 1.1b
_ . 3y+5 [ 3x+5|
ay—2)=3y+5 = x=}l_2 T Y= M1 21
gl =3I a1 Alft | 25
x—2 2
3)
(©) C2x—6+11_ . 11 _ 11
Way 2 S =Yyoi= x-3 Ml L1b
11 1 [ 1
r— - J.=J__+3 or v = _2+3J- M1 21
glm-1L 3. 2<x<l® Alfe | 25
x—2 2
3)
(6 marks)
Notes for Question
(a)
M1: Full method of attempting g(5) and substituting the result into g
5! 2x+5 .5
. . : . | x—3 ) 9x—5
Note: | Way 2: Attempts to substitute x =5 1nto 5 . o.e. Note that gg().‘)=m
| 2X+2 i
| x—3 .'_3
.40 4 ' .
Al: Obtains ry or 4; or 4.4 or an exact equivalent
- . . 0 4 .
Note: | Give AO for 44 or 4444 without reference to 5 or 43 or 4.4




Notes for Question Continued

(b) _
Bl1: States 2<y E% Accept any of 2 < gE%__ 2 < g(x) S%__ | 2, % |
- 15
Note: | Accept g(x)>2 and g(x}S? o0e.
(<)
Way 1
M1: Correct method of cross multiplication followed by an attempt to collect terms 1 x or
terms 1n a swapped y
M1: A complete method (i.e. as above and also factorising and dividing) to find the inverse
Alft: | Uses cormrect notation to comectly define the inverse function g™ , where the domain of
g™ stated comectly or comrectly followed through (using correct notation) on the values shown in
their range in part (b). Allow g :x—. Condone g™ =.. Donotaccept ¥ =...
Note: | Correct notation is required when stating the domain of g7(x) . Allow 2<x S% or |2, % |
Do not allow any of eg 2<g S% . 2=g7 () E%
Note: | Do not allow Alft for following through their range in (b) to give a domain for g™ as xR
(<)
Way 2
. 2x+5 . i ; ;
M1: Writes y= 3 mthe form y=2+ T3 k = 0and rearranges to 1solate y and 2 on one side
x— x—
of their equation. Note: Allow the equivalent method with x swapped with y
M1: A complete method to find the inverse
Alfi: | AsinWay1
Note: | If a candidate scores no marks m part (c). but

+ states the domain of g™ correcily, or
* states a domain of g™ which is correctly followed through on the values shown in their

range in part (b)
then give special case (SC) M1 MO AD




Q3

g::;:g:‘ Scheme Marks
(a) 0=f(x)<10 Bl
(1)
(®) o) =1(5). =3 B1Bl1
(2)
4+3x
P o= 5= =
© 3y == = v(5-x)=4+3x
=Sy—4=xy+3x M1
S5v-—-4
5 ’—4= ; 3 = —
=5y Wy+3=x e M1
Sx—4
=1 o
g (®) 3+x Al
3
@ gf{x}rlﬁ:f{x)zg'l{ldjzal oe MlAl
f(x)=4=x=6 Bl
f(x)=4=5-25x=4=xy=040e M1A1L
()
(11 marks)
Alt1 4+3axr+b)
f(x)=16 = ———==1§
to (d) B n) e
ax+b=x-2 or 5-25x Al
—>x=6 B1
4+3(5-2.5x) _ .
m—lﬁ:ﬁx—m M1
—>x=04 oe Al (5)




Notes for Question

(a)

Bl Correct range. Allow 0<f(x)<10, 0<f<10, 0<y<10, O<range<l0, [0.10]
Allow f(x)=0and f(x)=10 butnot f(x)=00r f(x)=10
Do Not Allow 0<x<10. The inequality must include BOTH ends

g:? For correct one application of the function at x=0
Possible ways to score this mark are  f{0)=5, f{5) 0—=5—..

Bl: 3 ("3 can score both marks as long as no mncorrect working 1s seen_)

(c)

M1 For an attempt to make x or a replaced y the subject of the formula. This can be scored for
putting y = g(x), multiplymg across, expanding and collecting x terms on one side of the
equation. Condone slips on the signs

dM1 Take out a common factor of x (or a replaced y) and divide, to make x subject of formula. Only allow
one  sign error for this mark

Sy — X
Al Correct answer. No need to state the domain. Allow g"(x}l='x 4 y=5x *
3+x 3+x
4
4-5x e
Accept alternatives suchas y = and y=—2=L
—3-F b
X
(d)
) ) ) 1 443f(x)
M1  Stating or implying thatf(x) =g (16) . For example accept 5100 =16=1{(x)=..

Al Stating T(x) = 4 or implying that solutions are where f(x)=4

B1 x = 6 and may be given if there is no working

M1 Full method to obtain other value from line y = 5-2 5x
5-25x=4=x=...

Alternatively this could be done by smular tnangles. Look for % =%x (oe)=>x=..

Al 0.4 or 2/5
Alt 1 to (d)
M1  Writes gf(x) =16 with a linear f(x) . The order of gfix) must be correct

Condone mnvisible brackets. Even accept if there 15 a modulus sign.
Al Uses f{x)=x-2 or f(x)=5-2.5x1n the equation gf(x) =16
B1 x = 6 and may be given 1f there 1s no working

_ 443(5-2.5%) :

M1 Attempt at solving —ﬁ—(‘i—l.‘x} =16 = x =..... The bracketing must be correct and there must be

no more than one error m their caleulation

N
Al x=04, ior equivalent




Q4

Question

T Scheme Marks
(a) (i) | (3.4) B1B1
(i) | (6,-8) B1 B
(4)
(b)
B1 B1 B1
|3
(-3,-4) 3. -4)
(3)
ic)| f(x)=(x-3V -4 or f(x)=x"—6x+5 M1A1
(2)
(d) | Either: The function f1is a many-one {mapping}. B1
Or: The function £ is not a one-one {mapping}.
(1)
[10]

(b) Bl: Correct shape for x = 0, with the curve meeting the positive y-axis and the
furning point 15 found below the x-axs. (providing candidate does not copy the whole

of the original curve and adds nothing else to their sketch ).
Bl: Curve 1s symmetrical about the y-axis or correct shape of curve for x < 0.

Note: The first two B1B1 can only be awarded if the curve has the comect shape, with a cusp
on the positive y-axis and with both turning points located in the comect quadrants. Otherwise
award B1B0.

B1: Correct turning points of (-3, —4)and(3, —4). Also, ({0}. 5) is marked where
the graph cuts through the y-axis. Allow (5, 0) rather than (0, 5) if marked in the
“correct” place on the y-axis.

(c) M1: Either states f(x) inthe form (x+a)’ £ f; a,f=0

Or uses a complete method on f(x) = x* + ax + b, with f(0) = 5 and £(3) = — 4 tofind
both 2and b.

Al: Ether(x =3 -4 or X’ —=6x+5

(dy B1: Or: The inverse 15 a one-many {mapping and not a function}.

Or: Because £(0) = 5 and also f(6) = 5.

Or: One y-coordinate has 2 comresponding x-coordinates {and therefore cannot have
an inverse}




X

Silver Questions

Non-calculator
The total mark for this section 1s 31

Q1
Ya
P(0.11)
0 AV €
0(6. -1)
Figure 1

Figure 1 shows part of the graph with equation y =f (x), xel] .
The graph consists of two line segments that meet at the point Q(6, —1).
The graph crosses the y-axis at the point P(0, 11).
Sketch, on separate diagrams, the graphs of
(@) y =If (x)|
(2)
(b)yy=2f(—x)+3
3)

(Total for Question 1 is 5 marks)

Q2



The function f'is defined by
f:x>4-In(x+2), xR, x=-1

(a) Find f (%),

(©))
(b) Find the domain of f (x).

(1)
The function g is defined by

g:x>e’—2 xeR

(c) Find fg(x), giving your answer in its simplest form.

3)
(d) Find the range of fg.

1)

(Total for Question 2 is 8 marks)

Q3
The function f'is defined by
f:x— |2,r—5| , XER

(a) Sketch the graph with equation y = f(x), showing the coordinates of the points where
the graph cuts or meets the axes.

2
(b) Solve f(x) =15 +x.

(&)
The function g is defined by

g:xi>x’ —4x+1, xR, 0<x<5

(c) Find fg(2).

(0))
(d) Find the range of g.

(&)

(Total for Question 3 is 10 marks)

Q4

Given that a and b are positive constants,



(a) on separate diagrams, sketch the graph with equation

(1) y=1[2x—d
(i) y=|2x—a| +b

Show, on each sketch, the coordinates of each point at which the graph crosses or meets the
axes.

C))
Given that the equation
3
|2x—a|+b =—x+8
2
has a solution at x = 0 and a solution at x = ¢,
(b) find ¢ in terms of a.
C))

(Total for Question 4 is 8 marks)

End of Questions



Silver Mark Scheme

Q1
presivad Marks
@ g gt
(0,11) and (6. 1) | B1
(2)
‘V* shape | B1
(b) (+6.1) | B1
(0.25) | B1
(3)




(a)
Bl

Bl

(b)
Bl

B1

Bl

A W shape in any position. The arms of the W do not need to be symmetrical but the two bottom
points must appear to be at the same height. Do not accept rounded W's,

A correct sketch of y = f(|x]) would score this mark.

A W shape in quadrants 1 and 2 sitting on the x axis with P'=(0.11) and 0" =(6.1) . It 15 not necessary
to see them labelled. Accept 11 being marked on the y axis for P'.Condone P'=(11,0) marked on the
correct axis. but @'=(1.6)is B0

Score for a V shape in any position on the grid. The arms of the V do not need to be symmetrical. Do
not accept rounded or upside down Vs for this mark.

Q'=(-6.1). It does not need to be labelled but it must correspond to the minimum point on the curve
and be in the correct quadrant,

P'=(0.25). It does not need to be labelled but 1t must correspond to the y intercept and the hine must
cross the axis. Accept 25 marked on the correct axis. Condone P’ = (25.0) marked on the positive y
axis.

Special case: A candidate who mistakenly sketches y =-2f(x)+ 3 or y=-2f(—x)+ 3 will amve at one of the
following. They can be awarded SC B1B0OB0

(6.5) (=6.5)

r;’ \ / (0.-19)
_19)/]
(0. 19} \




Q2

(a)

(b)

(c)

(d)

y=4—In(x+2)
In(x+2)=4-y
Xt 2= vy
X
f Hay=et%-2 oe

fg(x)=4—-In(e* -2+2)

fo(x)—=4—x*

fa(x) =4

M1
MI1A1

(3)
Bl

(1)
M1
dM1A1

(3)
B1ft

(1)

8 Marks




Q3

Question

Nanbi Scheme Marks
{a] _]'1
(0.5)
M1A1
o[ .0 X
(2)
(b) | x=20 B1
2r-5=-~{(l8+x);=>x=-—. M1;A1 oe.
(3)
(©) | f(2) =£(-3) = |2(-3) - 5|: = |-11] = 11 M1;A1T
(2)
(] gx) = x* —dx+1=(x-2" =4+1=(x-2)" =3 Hence g_, =3 M1
Either g =—3 of g{x) = -3 B1
org(5)=25-20+1=6
-3zp(x)<6 or -3=y<6 Al
(3)
[10]

{a) Mi: Vor \/ or \\/ graph with vertex on the x-axis.

Al (£,{0})and ({0}, 5)seen and the graph appears in both the first and second

quadrants.
{b) M1: Either 2x—5=—(15+x) or —(2x-5)=15+x

(c) M1: Full method of nserting g(2) mto f(x) = |2.t — S| or for mserting x = 2
into | 2(r* - 4x + 1) - 5|. There must be evidence of the modulus being applied.

(d) M1: Full method to establish the mmmum of g. Eg: (x = @) + 8 leading to

Bue = F. Or for candidate to differentiate the quadratic, set the result equal to zero,

find x and msert this value of x back mto f(x) mn order to find the munimum.

B1: For etther finding the correct numnmm value of g
(can be implied by g(x) = -3 or g(x) > —3) or for stating that g(5) = 6.

Al: 3<p(x)<b6or-3<y<6or—-3<g<6. Notethat: -3 < x < 6 15 AD.

Note that: —3 < f{x) < 6 15 A0, Note that: —3 > g(x) = 6 15 AO.
Note that: g(x) > -3 or g({x) > =3 or x = -3 or x > - 3 with no working gains
MIBI1AOD.

Note that for the final Accuracy Mark:
If a candidate writes down —3 < g(x) < 6 or —3 < ¥ < 6, then award M1B1A0O.

If, however, a candidate writes down g(x) = -3, g(x) < 6, then award A0
If a candidate writes down g(x) > —3 or g(x) < 6, then award AQ.




Q4

Question : 1
Number Scheme Marks
@@ (0.a) 7 shape on x - axis or coordilmtes;:'%ﬂ: 0 | and (0.a) Bl
Correct shape, position and coordinates | Bl
I e
o ;]l.z.tll X
F 3
\ Their "V" shape translated up or(0.a+5) | B1ft
(0,a+5)
. B1
Correct shape, position and (0. a+b)
N @
o X
(h) States or uses a+5 =28 Bl
3 .
Attempts to solve |2x— r;r| +b=-x+8 mertherx orwithx = ¢
de—a+b=>c+8=> ke =f(a.b) M1
Combines b =f{a. b}with a+b=8 —=ec=4a dni Al
(4)
{8 marks)
(a)(1)
Bl V shape sitting anywhere on the x- axis or for [ 1 20| and (0, @) lying on the curve.
(7%")
Condone non -symmetrical graphs and ones lying on just one side of the y -axis
Bl W shape sitting on the positive x-axis at [ 1, ), cutting the y-axis at (0, a) and lying in both quadrants 1 and 2
127)
| . . .
Accept S a and 7 marked on the correct axis. Condone sav (a.0) for (0, a)as long as 1t is on the correct axis.
Condone a dotted line appearing on the diagram as many reflect v =2x—g to sketch y = ‘lx—a|
If it 15 a solid line then 1t would not score the shape mark.
(a)()
Bifi Follow through on (a)(1). Their graph translated up. Allow on U shapes and non symmetrical graphs.
Alternatively score for the (0, @+ D) lying on the curve
Bl W shape lying in quadrants 1 and 2 with the vertex in quadrant 1 cutting the y- axis at (0,a+5)

Ignore any coordimates given for the vertex.

@ Pearson



(b)

Bl States or uses @+ b =8 or exact equivalent. Condone use of capital letters throughout
Tt 1s not scored for just |O—a| +h=8
M1 This M s for an understanding of the modulus.

: . 3 3 : :
It 1s scored for an attempt at solving (2x—a)+b==x+8o0r —(2x—a)+b= 77X + 8 1in etther x or with x

I-_Jl ¥

replaced by c. The signs of the 2x and the @ must be different. |3x—a| #2x+a

Youmay see (2x—a)+b==—x+8=kx=1(a.b)

Al wa

i+8=kx=1(a.b)

2wy

Youmaysee —2x+a+b=

s !

Youmaysee (2x—a)+b==x+8=Jx=1(a.b) being solved with & replaced with their a+ b =8

Youmay see —2ct+atb=—c+8=kc=1(a.b) being solved with  replaced with their a+5b=358

Fa| Wi

dM1 This dM mark 1s scored for combming b = 8 — g with (2x— aj +b= i}x + 8{or their for =1(a. b)resulting from
that equation) resulting in a link between x and 2 Both equations mu_sr have been correct initially.
Alternatively for combining b =8 —a with their 2e—a+b= %c + 8 (or their ke =f(a &) resulting from that
equation) resulting in a link between ¢ and a

You may condone sign slips in finding the link between x (or ¢) and a
If you see an approach that involves making |23.' - .::| the subject followed by squaring, and you feel that it

deserves credit, please send to review. The solution proceeds as follows

SIS

W .

3 \".1 .1|
Look for |3x—nr|= . x+8—b=>|3x—a|='—:x+a=>[3x—a}f =|%.‘c+a ‘ =>?x| %x—a ;=CI
= \ = J .

Al c=4a ONLY

They have x=0 as the solutionto 2x—a+b=

They have x =¢ as the solution to —2x+a+b=

Solve (1) and (2) = x= ;a

Hence = c=—a

7
This would score B0 M1 dM0 A0 anyvway but should be awarded SC B0, M1 dM1, A0 for above

: : 4 .
work leading to either x=—agorc=—=a
! !



Gold Questions

Non-calculator

The total mark for this section is 35

Q1

f.l
A
-~ S
~ .
e ~NE
-~ S
/
- S = X
~ ~
7 ™~
y -
h"‘\.
H"-u.
~
Figure 1

Figure 1 shows the graph of y = f(x), x= R

The graph consists of two line segments that meet at the point P.

The graph cuts the y-axis at the point Q and the x-axis at the points (-3, 0) and R.

Sketch, on separate diagrams, the graphs of
(@) y=1f()|,

(b) y=f(=x).

Giventhat f(x) =2—|x+1],
(c) find the coordinates of the points P, O and R,
(d) solve f(x)=

L
> X .

2

2

©))

©))

(Total for Question 1 is 12 marks)




Q2

Ya

Figure 1
Figure 1 shows a sketch of part of the graph of y = g(x), where

g(x)=3+Vx+2, x>-2

(a) Find g !(x) and state its domain.

(b) Find the exact value of x for which

glx) =x

(¢) Hence state the value of a for which
gla)=g'(a)

-

©))

C))

)

(Total for Question 2 is 8 marks)




Q3

VA

Figure 4
Figure 4 shows a sketch of the graph of y = g(x) , where
o) {(n{ —2) +1
: 4x =7
(a) Find the value of gg(0).

(b) Find all values of x for which
g(x)>28

The function h is defined by

=Y

2

“)

h(x) =(x—2P>+1 x<2

(c) Explain why h has an inverse but g does not.

(d) Solve the equation

N 1
h 1(.1') =3

)

€))

(Total for Question 3 is 10 marks)




Q4

Y& /

=Y

P
Figure 2
Figure 2 shows a sketch of the graph with equation
y=2|x+4|-5

The vertex of the graph, at point P, is (—4,-5).

(a) Solve the equation

3x+40=2|x+4|-5

(2)
A line / has equation y = ax, where a is a constant.
Given that / intersects y =2 | x + 4 | — 5 at least once,
(b) Find the range of possible values of a, writing your answer in set notation.

(©))

(Total for Question 4 is 5 marks)

End of Questions



Gold Mark Scheme

Q1
%‘:::;E:: Scheme Marks
(a) " shape Bl
Vertices correctly placed Bl (2)
) x=
(&) Va
P
~
> shape B1
o x
™~ Vertex and mntersections
with axes correctly placed Bl (2)
(@ | P:(=L2) Bl
Q:(0.1) Bl
R:(10) Bl (3)
(@) | x=-1 2—3;—1::1 M1 Al
2

Leading to x= 3 Al

1
x=—1;: 2+x+1l=—x M1

2
Leading to x=—=06 Al (5
(12 marks)




Q2

Question Scheme Marks
MNumber
@ | y=3+Jx+2y-3=Jxr2=x=(y-3) -2 MI Al
=>g'][.1')={:r—3}:—2. with x.. 3 Al
(3)
M) | gx)=x=3+x+2=x
=x+2=(x-3) =2 -Tx+7=0 M1, Al
9 g
=?1F=~x=?+_}'1 only M1, Al
(4)
(©) = _.l"+1 21 Bl ft
(1
9 marks
(b) Alt Solves g_l{x}= x=>(x— 3)2 —2=x
=Y -Tx+7=0 M1, Al
+.J2 7 2
:;:L_’ ] +? ! dM1, Al
Z 2 only
4




Q3

Part | Working or answer an examiner might | Mark | Notes
expect to see
(a) |g=35 M1 | This mark is grven for a method to find
2(0)
gg(0)=g(5) =13 Al | This mark 1s given for a correct value for
2e(0)
(b) (x—2P+1=28 M1 | This mark is given for a method to solve
=202 >27 g(x)>28 whenx =2
x—2>343
x<2-33 Al
4y —T7=28 M1 | This mark is given for a solving g(x) = 28
4y =135 when x > 2
¥ = _5
4
x<2-33andx> el Al | This mark 1s given for a correct range of
; values of x for which g(x) = 28 stated
(c) | h! exists since h is a one-to-one function; Bl | This mark is given for a valid explanation
g! does not exists since g 1s a many-to-one
function
@ |HE=2-x-1) Bl | This mark 1s given for finding an
expression for h™'(x)
- 1 M1 | This mark is given for a method to
+yr—11=—2
2EN=1) 7 rearrange to find a value for x
x=725 Al | This mark 1s given for a correct value
of x
(Total 10 marks)




Q4

Question Scheme Marks AOs
(@) 3x+40=-2(x+4)-5= x=... M1 1.1b
x=-10.6 Al 2.1
2
(b) a>2 Bl 2.2a
y=ax:>—5=—4a:>a=% Ml 3.1a
{lata, 125} U{a:a>2} Al 2.5
&)
(7 marks)

Notes:
(@
M1: Attempts to solve  3x+40=-2(x+4)—5= x =... Must reach a value for x.

You may see the attempt crossed out but you can still take this as an attempt to solve the
required equation.

Al: x=-10.6 oee.g. _33 only. If other values are given, e.g. x = —37 they must be rejected
5

or the _23 clearly chosen
5

as their answer. Ignore any attempts to find y.
Alternative by squaring:

3x+40 = 2|x + 4|~ 5= 3x+45 = 2|x + 4| = 9x* +270x + 2025 = 4(x* +8x +16)

:>5x2+238x+1961:0:>x:—37,—5?3

M1 for isolating the |x +4|, squaring both sides and solving the resulting quadratic

Al for selecting the _33
5

Correct answer with no working scores both marks.

(b)
B1: Deduces that a > 2
M1: Attempts to find a value for a using their P(—4,-5)

Alternatively attempts to solve ax = 2(x + 4) — 5 and ax = 2(x + 4) — 5 to obtain a value
for a.
Al: Correct range in acceptable set notation.
{a:a, 125} U{a:a>2}
{a:a, 125}, {a:a>2}
Examples: {a:a, 125 or a>2}
{a ra, 1.25,a> 2}
(—00,1.25]U(2,0)
(—00,1.25], (2,0)




Platinum Questions g

Non-calculator

The total mark for this section is 28

Q1

The functions f and g are defined by

f(x)=2vl-¢™* xell, x>0
g(x):ln(4—x2) xell, —2<x<2

(a) (1) Explain why fg cannot be formed as a composite function.

(i) Explain why gf can be formed as a composite function.
2

(b) (1) Find gf (x), giving the answer in the form gf (x) = a + bx, where a and b are constants.

(i1) State the domain and range of gf.
(6))
(c¢) Sketch the graph of the function gf.

On your sketch, you should show the coordinates of any points where the graph meets or
crosses the coordinate axes.

2

The circle C with centre (0, —In 9) touches the line with equation y = gf (x) at precisely one point.

(d) Find an equation of the circle C.
3
(+S1)
(Total for Question 1 is 13 marks)




Q2
The function f is given by
f(x)=+x+2 for x€R, x>0
(a) Find f~'(x) and state the domain of !

2
The function g is given by
g(x)x*—4x+5 for xER, x>0
(b) Find the range of g.
(2)
(¢) Solve the equation fg(x) = x.
3)

(Total for Question 2 is 7 marks)

Q3
(a) On the same diagram, sketch

y=(x+1)(2-x) and y:—x22|x|.

Mark clearly the coordinates of the points where these curves cross the coordinate axes.

(&)

(b) Find the x-coordinates of the points of intersection of these two curves.
S)
(Total for Question 3 is 8 marks)

End of Questions



Platinum Mark Scheme

Q1
Question Scheme Marks AOs
(a) As the ranges of fand gare 0< f(x)<2 and (- <)g(x)<In4
A reason or example is acceptable
(range for g not needed but if no
A function fg cannot be formed example is given the range must
as the range of g does not lie in | be given and correct) Bl 2
. A
the domain of f. cg g[— =ln(£]<0 so range
4) 16
of g is not in domain of f.
: Correct range for f must
A fnctiongfcan b formed as e e | LRSS | my |
) reason given.
(2)
(b) - _ CaT ’ Attempts the
g(f) In[d ( I-e ) J composite. M1 !
_ =V - Correct composite
_ln(4—(2~q‘|l—e )]—In(4—4[l—e }) with square o 1
. . evaluated, but need
=ln(4e }:]n4+]n{e ] not be simplified.
gf(x)=Ind-x or 2In2—x Correct form. Al 1
Domainis xeR, x =0 Correct domain B1 2
Range is (—o <)gf(x)<In4 Correct range B1 2
(5)
(© ¥ A line consistent with
(0.In4) I\ (n4,0) their gradient and M1 |
. intercept from (b).
Line starting at (0,In4)
and passing through Al 1
(In4,0)
(2)




(d) (If X is centre, P is (0,In4) and Q is point | A complete method to
where circle touches line then triangle XPQ I'L]11nd " d':fr " wlhere s M1 3
is isosceles right angled, so) € radius — fonger (S+)
5 5 s methods are possible
2r =(lnd-(-In9))y =r =_.. here
;1 2 2 Correct r or ¥ award
“=—(In36) =2(In6 =+/2In6
’ 2[ f ) ( ! ] oeorr J_ . when first seen, need Al 3
ete not be simphfied.
So equation of C is Correct equation, need
2 +(y+n9) =2(In6)" oe not be simplified but Al 3
do not 1sw if eg.
(In6)* is incorrectly
simplified to In36
3)
51 mark: Award S1 for a clear and concise solution that scores 10+
marks and includes the 5+ point — ie must be a well explained s1 2
solution with all terminology and notation correct (though there may
be variations on the notation used).
(12+1 marks)
Notes:
(d) §+: For succinct solution

Q2
Question Scheme Marks Notes
@) | i a)=x -2 Bl
Domainis xR, x = 2 Bl (2)
b — T e fath ; Suitable method to
(b) g(x)=(x—2) +1 (or differentiation or equivalent) Ml o min,
Sorangeis g(x) =1 Al(2)
(C} fg{_‘[‘) =y r‘IZ 4y + T=x or g(x] —f I{I) : XE _Ax + 5 ={3) M1 Attempt suitable eq
X —dx4T=x or ¥ odxt5=x" 2 Al Simplify x* +.=x°
7 Al
dy=T s0 x=-—
P 3
7]




Q3

Question Scheme Marks Motes
Mumber
I la) . o
] y=x'— 2|_\.| /\ Bl Don't insist on labels
\ B1
AN N4
'J\. _,-"T, S _ B]
NS xJ\‘L-.. - -2,-1.2,.(0.2) £))]
I_/l-\- - - \"\.
y={x+1)(2-x)
(b) One intersection at x =2 B1
Second at _ (x+1) (2-x)=x (x+2) M1 Aftempt correct
equation
Mustbe X¥ +2on
RH3
0=) 2xi+x -2 Al Correct 3TQ
-1+ 1+16 . -1-17 M1 Solving
x=———" . sincerootisin(-2,-1) x= ——
4 4 Al gso Must choose -
(3)
3]
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Teacher Notes

These Bronze, Silver and Gold worksheets are designed to be used either straight after the content
has been taught or as part of a skills gap analysis, especially as students move into year 13.

They are drawn from the latest specification questions and legacy questions. The papers are
between 25 and 35 marks.

The topic number on this worksheet relates to the corresponding chapter number in the ‘Pearson
Edexcel A Level Mathematics: Pure Mathematics Year 2’ textbook.

Non-Calculator Questions

The new specification allows calculators to be used in all papers. We have, however, put these
questions together with the intention that students can complete them without a calculator. It’s
important for pupils to be able to maintain their non-calculator skills, especially on topics such as
surds or indices, to support question that use the keywords “show that” or “prove”. If you wish to
ease the difficulty slightly then you can, of course, allow students to attempt them with the support
of a calculator.

Quick Links

(Press Ctrl, as you click with your mouse to follow these links)
e Bronze Questions

e Bronze Mark Scheme

e Silver Questions
e Silver Mark Scheme

e Gold Questions
e Gold Mark Scheme

The Platinum Questions below are taken from the Advanced Extension Award. You can use these in
class as high-level problem-solving questions, either with individual students or as group problem
solving exercises. On the Advanced Extension Award students, typically, need to get around 50% to
get a Merit and around 70% to get a distinction.

e Platinum Questions
e Platinum Mark Schemes

Extension and Enrichment

If you have students that have enjoyed the challenge of the Gold questions, then they should have a
go at the more challenging question from our Advanced Extension Award (AEA) papers. The
Mathematics AEA is a single, 3 hour non-calculator paper, taken at the end of year 13. It helps
students to develop high level problem solving and proof skills. It is entirely based on the content of
the A Level Mathematics Course. No extra material needs to be covered to take the AEA in
Mathematics. A second important difference is that marks are awarded for the clarity and quality of
their solution. Developing this key skill, alongside the extra problem-solving experience, can pay
dividends in the way they approach A Level Mathematics and Further Mathematics problems.

More information about the Advanced Extension Award can be found here on the Pearson Edexcel
Website, or here on the Maths Emporium

ALWAYS LEARNING PEARSON



https://qualifications.pearson.com/en/qualifications/edexcel-a-levels/advanced-extension-award-mathematics-2018.html
https://www.mathsemporium.com/category/advanced-extension-award-mathematics/

Bronze Questions

Non-calculator

The total mark for this section is 29

Q1

A girl saves money over a period of 200 weeks. She saves 5p in Week 1, 7p in Week 2,
9p in Week 3, and so on until Week 200. Her weekly savings form an arithmetic sequence.

(a) Find the amount she saves in Week 200.
3

(b) Calculate her total savings over the complete 200 week period.
(©))

(Total for Question 1 is 6 marks)

Q2

A sequence of positive numbers is defined by

2
a,, = (an +3), nx1,

a, =2

(a) Find a; and a3, leaving your answers in surd form.

(2)
(b) Show that as =4

2

(Total for Question 2 is 4 marks)




Q3

Each year, Andy pays into a savings scheme. In year one he pays in £600. His payments
increase by £120 each year so that he pays £720 in year two, £840 in year three and so on, so
that his payments form an arithmetic sequence.

(a) Find out how much Andy pays into the savings scheme in year ten.
(09)

Kim starts paying money into a different savings scheme at the same time as Andy. In year
one she pays in £130. Her payments increase each year so that she pays £210 in year two,
£290 in year three and so on, so that her payments form a different arithmetic sequence.

At the end of year N, Andy has paid, in total, twice as much money into his savings scheme
as Kim has paid, in total, into her savings scheme.

(b) Find the value of N.
5)

(Total for Question 3 is 7 marks)

Q4

The third term of a geometric sequence is 324 and the sixth term is 96.

(a) Show that the common ratio of the sequence is % .

2
(b) Find the first term of the sequence.

2
(c) Find the sum to infinity of the sequence.

2

(Total for Question 4 is 6 marks)




Q5

A sequence X, X,, X;, ... is defined by

x =1,

=ax —3,

n+l n

X

where a is a constant.

(a) Find an expression for x,in terms of a.

(b) Show that x, =a’—3a-3.

Given that x,=7,

(c) find the possible values of a.

)

2

(€))

(Total for Question 5 is 6 marks)

End of Questions



Bronze Mark Scheme

Q1

Question Scheme Marks
nunber
(a) Identifya =3 and d=2 (May be implied) Bl
(24200 ::]a+(20{!—l}a’ (=3+(200-1)=2) M1
=403(p) or(£) 403 Al (3)
) 200 , 200 e "
(k) (S200 =) 5 [2a+(200-1)d] or T[a +"their 403") M1
: 2
:@[in—(EDG—I}XZ] or _SD (5+"their 403") Al
=40 800 or £408 Al (3
(a) Bl can be implied if the correct answer 1s obtained. If 403 is not obtained then the values of
a and & must be clearly identifiedas a =3 and = 2.
This mark can be awarded at any point.
M1  for attempt to use nth term formula with » = 200, Follow through their a and &
Must have use of # = 200 and one of a or d correct or correct follow through.
Must be 199 not 200.
Al for 403 or 4.03 (1.e. condone missing £ sign here). Condone £403 here.
NEB. a=3 d=2 1s Bl and a + 2004 1s MO BUT 3+ 2002 1s BIM1 and Al if 1t leads to 403.
Answer only of 403 (or 4 03) scores 3/3.
(b) M1  foruse of correct sum formula with 7 = 200. Follow through their a and & and their 403,
Must have some use of 7 = 200.and some of q,  or [ correct or correct follow through.
1" A1 for any correct expression (i.e. must have a =5 and = 2) but can f't. their 403 still.
2*4 A1 for 40800 or £408 (ie. the £ sign is required before we accept 408 this time).
40800p 1s fine for Al but £40800 1s AD.
ATT| Listing
(a) They might score Bl if @ =5 and d = 2 are clearly identified. Then award M1A1 together for 403.
200 9
(b) > (2r+3). Give M1 for 2 =<$ < (201) + 3k (with £=1). Al for k=200 and Al for 40800

Fuml




Q2

Question
shinhar Scheme Marks
(a) ay=(V4+3)=47 B1
a, =" their 7"+3 =10 B1ft (2)
(b) a, =10+3(=+13) M1
f; =+/13+3=4 = Al cso (2)
4
Notes
(a) 1"B1  for /7 only
2* Bift follow through their “7” in correct formula provided they have J; ~where 1 15 an
mteger.
(b) M1  for an attempt to find a, . Should see 1"'1]1E'j_'r"{as"|3+3.Mu515ee-evideme for M1.
a, = Ji3 provided this follows from their a, working or answer is sufficient
Alcso for a correct solution (M1 explicit) must mclude the = 4.
Ending at J16 only 15 A0 and ending with + 4 is ACQ.
Ignore any mcorrect statements that are not used e.g. common difference = NE)
Listing: A full list: 2 {=J5}. V7. 10, V13, V16 =4 is fine for M1A1
Formula: Some may state (or use) a, =f3n+1 leading to g, =+/3x5+1=4.
ALT This will get marks in (a) [if correct values are seen] and can score the M1 in (b)
if @, =+/3n+1 ora, =+/13 are seen.
[ If + appear any where 1gnore in part (a) and withhold the final A mark only




Q3

Question
Number Scheme Marks
(a) This mark 15 for:
+(n—1d =600+9x120
at(n-h) = 600+9x120 or 600+8x120 -
=(£)1680 1680 with or without the “£” Al
Answer only scores both marks
Listing
M1: Lists ten terms starting £600, £720, £840_£960,
Al: Identifies the 10™ term as (£)1680
2)
(h) Allow the use of # instead of N throughout in (h)
d =80 for Kim Identifies or uses 4 =80 for Kim Bl
Attempts a sum formula for Andy or
N Kim. A correct formula must be
={2x600+(N-1)x120} OR | seen or implied with:
- \ a =600, d =120 for Andy or M1
—{2x130+(N-1)x80} a =130, d = 80 for Kim. If B0 was
2 scored, allow M1 here if Kim’s
incorrect “d is used.
N N
5 {2% 600+ (N -1)x120} = 2x—-{2x130+ (N ~1)x80} Al
A correct equation in any form
Proceeds to find a value for N
(Allow if it leads to N = ()
20N=360=N=_. Dependent on the first method dM1
mark and must be an egquation
that uses Andy’s and Kim’s sum.
Ignore N'n = 0 and if a correct value
(N =)18 of NV 1s seen. isw any further Al
reference to years etc.
See helow for listing approach
If vou see N = 18 with no working send to Review
(3)
(7 marks)
Year 1 2 3 4 5 b 7 2 9 10 11 12 13 14 15 1 17 18
Andy |600|1320(2160(3120|4200| 5400(6720| 8160|9720 11400 13200|15120) 17160| 19320 | ¥1600 | 24000( 26520 29160
Kirm 130| 340 | 630 | 1000] 1450( 1980| 2590(3280(4050( 4900 | 5830 | 6840 | 7930 | 9100 |10350 (11680 13090] 14580
Kifmx2 | 260{ 680 [1260( 2000{2900| 3960 5180| 6560| 28100] 9200 | 11660{13680| 15860 | 18200 (20700 23360] 26180( 29160

B1: States or uses d =80 for Kim
M1: Attempts to find the total savings for Andy or Kim — must see the correct pattern for
Andy (600, 1320, 2160....) or Kim (130, 340, 630.._.) (or Kimx2)
Al: Correct totals for Andy and Kim (or Kimx?) at least as far as n = 18
M1: Identifies when Andy’s total = 2xKim’s total
Al:N=18



Q4

Question

(b}

The equation must involve multiplication/division rather than addition/subtraction,
Al Do not penalise solutions with working in decimals. providing these are correetly
rounded or truncated to at least 2dp and the final answer 2/3 1s seen.

Alternative: (verification)

o
M1  Using #* =% and multiplying 324 by this (or multiplying by r =§ three tumes).

Al Obtaming 96 {cso). (A conclusion is not required).

Y

32-—1):(%] = 06 (no real evidence of calculation) is not quite enough and scores M1 AD.

M1 for the use of a correct formula or for ‘working back’ by dividing by % (or by their r) twice

from 324 (or 5 times from 96),

Exceptionally. allow M1 also for using ar’ = 324 or ar® =96 instead of ar’ =324 or ar’ =96, or
for dividing by r three times from 324 (or 6 times from 96)... but no other exceptions are allowed.

Nisnbar Scheme Marks
a 1 M1
) 32497 =06 or A = 2= or r =i
324 27
= 2 (*) Alcso  (2)
3
(b} - 2
a[?] =324 or a[:J =96 a= 729 M1, A1 (2)
(c) = T:E' ; = 2187 M1, A1 (2)
e 9]
@ M1 for forming an equation for r* based on 96 and 324 (e.z. 96r° =324 scores M1),

© M1  for use of correct sum to infimty formula with their a. For this mark. if a value of » ’
different from the given value is being used, M1 can still be allowed providing |r| <1.
Q5
gﬁi;t;:: Scheme Marks
(@) |[x;=1a-3 BI (1)
(By | [x3=] ax,—3 or ala—3)—3 El
=ala-3)— 5 =a*-3a-3 (» Alcso(2)
© | a®—3a—-3=7

a’—3a-10=0 or a —3a=10 M1
(a—5)a+2)=0 Ml
a=5or -2 Al (3)
(6 marks)




X

Silver Questions

Non-calculator

The total mark for this section is 35

Q1

A boy saves some money over a period of 60 weeks. He saves 10p in week 1, 15p in week 2,
20p in week 3 and so on until week 60. His weekly savings form an arithmetic sequence.

(a) Find how much he saves in week 15
(2)
(b) Calculate the total amount he saves over the 60 week period.

€))

The boy's sister also saves some money each week over a period of m weeks. She saves 10p
in week 1, 20p in week 2, 30p in week 3 and so on so that her weekly savings form an
arithmetic sequence. She saves a total of £63 in the m weeks.

(¢) Show that
m(m+1)=35x36
C))
(d) Hence write down the value of m.

)

(Total for Question 1 is 10 marks)




Q2

A sequence of numbers a,, a,, a,, ...1s defined by

_ k(ﬂ” + l) en

]
n

where k is a constant.
Given that

e the sequence is a periodic sequence of order 3
o a1 =2

(a) show that

KB+k—2=0
(©))
(b) For this sequence explain why k # 1
0y
(c) Find the value of
20
a.l
r=1
(©))

(Total for Question 2 is 7 marks)

Q3
An arithmetic sequence has first term a and common difference d. The sum of the first 10
terms of the sequence is 162.

(a) Show that 10a + 45d =162

(2)
Given also that the sixth term of the sequence is 17,
(b) write down a second equation in a and d,

(1
(c) find the value of a and the value of d.

C))

(Total for Question 3 is 7 marks)




Q4

The first term of an arithmetic series is a and the common difference is d.

1
The 18th term of the series is 25 and the 21st term of the series is 322.

(a) Use this information to write down two equations for « and d.
(b) Show that a =—17.5 and find the value of d.

The sum of the first n terms of the series is 2750.

(c) Show that # is given by

n*—15n =55 x 40.

(d) Hence find the value of n.

2

@)

C))

€))

(Total for Question 4 is 11 marks)

End of Questions



Silver Mark Scheme

Q1
m{- ml""“ Scheme Marks
Boy's Sequence: 10,15, 20, 25, .
) |[fja=10,d=5=T, =}a+14d =10+14(3), =80 or 0.1+14(0.05);=£080 Mi; Al
- [21
) {50 =] = [200 + 599 M1 A1
= W31 5) = 0450 or £04.50 Al
2]
Boy's Sster’s Sequence: 10, 20, 30, 40, .
€ |fa=10.d=10= 5, =} Z(200)+ (m-110)) [nr 2 10(m + 1) ar Smim+1) M1 Al
&3 or 6300 = %[]Iﬂﬂ}+l:ﬂ—l:ﬂ|:|}| a1
6300 = gﬂn].:m-l;. ar 12600 = 10m{m +1)
1260 = mim+1)
15536 = mim+1) (*) Al csn
Hl
@ |{m=}3s Bl
[
10
Q2
Question| Scheme Marks AODs
a k 2
N Uses the sequence formula a, =M once with a; =2 M1 1.1b
aﬂ
k(k+3
(a=2).a,=2k a;=k+1 a, =%
M1 3.1a
Finds four consecutive terms and sets dyequal to d; (oe)
EE+Y) o i3k —2k+2 k2 +k-2=0 * Al | 21
k+1
(3)
(b) States that when £ =1, all terms are the same and concludes that the B1 23
sequence does not have a period of order 3 ’
(1)
(©) | Deduces the repeating terms are @ys =2, @y = 4, a3 =—1, Bl 22a
B
a, =26x(2+—4+-1)+2+—4 M1 3.1a
n=l
=-80 Al 1.1b
(3)
{7 marks)




Q3

%'-:ﬁggp Scheme Marks
10 M
St =—[la+9a’] or
@) 2
Sp=a+a+d+a+2d+a+3d +a+4d+a+5da+6d+a+Td+a+8d+a+9
162=10a +45d = Alcso
(2)
()| (u,=a+(n-d = )l7=a+5d B1
(1)
10x(®) gives 10a+50d =170 M1
(a) is 10a + 45d = 162
Subtract 5d=28 so d=16 oe. Al
Solving for a a=17-5d M1
so a=9 A
(4)
7
Q4
ﬁl"":ﬁ;:]r“ Scheme Marks
(a) | a+17d =25 or equiv. (for 17 B1), a+20d =32.5 or equiv. (for 2 B1), B1, B1 -
(b) | Solving (Subtract) 3d=75 so d=25 M1
a=325-20x25 soa=1L5 (*) AMlcso (2)
(c) 2750 ==[-35+§(n-1)] M1A1ft
2 £
{ 4x2750=n(5n-75) }
4x550 = n(n-13) M1
n’—15n=55x40 () Alcso  (4)
(d) n’ =15n-55x40=0 or n’ -151-2200=0 M1
(n—53)(n+40)=0 n=... M1
=355 (ignore - 40) Al (3)
[111




Gold Questions

Non-calculator

The total mark for this section is 29

Q1

Lewis played a game of space invaders. He scored points for each spaceship that he captured.
Lewis scored 140 points for capturing his first spaceship.

He scored 160 points for capturing his second spaceship, 180 points for capturing his third
spaceship, and so on.

The number of points scored for capturing each successive spaceship formed an arithmetic
sequence.

(a) Find the number of points that Lewis scored for capturing his 20th spaceship.

(09)
(b) Find the total number of points Lewis scored for capturing his first 20 spaceships.

3)

Sian played an adventure game. She scored points for each dragon that she captured. The
number of points that Sian scored for capturing each successive dragon formed an arithmetic
sequence.

Sian captured n dragons and the total number of points that she scored for capturing all
dragons was 8500.

Given that Sian scored 300 points for capturing her first dragon and then 700 points for
capturing her nth dragon,

(c) find the value of n.
3)

(Total for Question 1 is 8 marks)




Q2

In the year 2000 a shop sold 150 computers. Each year the shop sold 10 more computers than

1+4x ~1+ %x —%xz the year before, so that the shop sold 160 computers in 2001, 170

l-x
computers in 2002, and so on forming an arithmetic sequence.

(a) Show that the shop sold 220 computers in 2007.

(2)
(b) Calculate the total number of computers the shop sold from 2000 to 2013 inclusive.

3)

In the year 2000, the selling price of each computer was £900. The selling price fell by £20
each year, so that in 2001 the selling price was £880, in 2002 the selling price was £860, and
so on forming an arithmetic sequence.

(c) In a particular year, the selling price of each computer in £s was equal to three times the
number of computers the shop sold in that year. By forming and solving an equation, find the
year in which this occurred. “4)

(Total for Question 2 is 9 marks)




Q3

A geometric series has common ratio » and first term a.
Givenr#1landa#0

(a) prove that

ﬂ'{l _ ?'”}
n 1—r

4
Given also that Syo is four times Ss

(b) find the exact value of r.
“4)

(Total for Question 3 is 8 marks)

Q4
In a geometric series the common ratio is 7 and sum to » terms is Sy
Given that
8
S = ? * Sla

1 . .
show that » = i—k, where £ is an integer to be found.

C))

(Total for Question 4 is 4 marks)

End of Questions



Gold Mark Scheme

Q1
Question
Nemiibian Scheme Marks
Lewss; anthmetic series, a = 140, 4 =20.
(a) Ty =140 + (20 — 1(20); = 520 itk 3 e get to 520 Mi1: Al
OR 120 + (200(20) [2]
Method 1 Method 2
() Either: Uses im(2a + (n-1)d) Or: Uses tn{a + 1) M1
i
ZH(2x140+ 20 - DQ20) Do +rs20m /520 | A1
6600 Al
[31
(c) Sian; anithmetic senes,
a =300, 1=700, 5 =8500
5 Or: May use both
Either: Attempt to use 8500 = —(a +1) 8500=1n(2a + (n—1)d) and M1
7 [=a+(n—1)d and eliminate 4
35m=;{300+ 700) 35-::-0=§;6ou +400) Al
= B =17 Al
[3]
8 marks
Nofes
(a) M1: Aftempt to use formula for 20® term of Arithmetic series with first term 140 and d = 20. Normal
formula rules apply — see General principles at the start of the mark scheme re “Method Marks™
Or: uses 120 + 20n with n =20
Or: Listing method : Lists 140, 160, 180, 200, 220, 240, 260, 280, ... 520. M1A1 if correct MOAO 1if
wrong. (So 2 marks or zero)
Al: For 520
(b) M1: An attempt to apply tn(2a + (n—1)d) or in(a + ) with thewr values for a, n, d and |
Al: Uses a = 140, d = 20, n = 20 m thewr formula (two alternatives given above) but ft on their value of 7
from (a) 1f they use Method 2.
Al: 6600 cao
Or: Listing method : Lists 140, 160, 180, 200, 220, 240, 260, 280, .__ 520 and adds
6600 pgets MIA1A1L- any other answer gets M1 ADAO provided there are 20 numbers, the first 15 140 and
the last 1s 520.
¢ . )
El-(h?“ MIl: Attempttouse §_ = %{n + I )with their values for a. and [and 5=8500
method
Al: Uses formula with correct values
Al: Finds exact value 17
Alternative | M1: If both formulae 8500 =1n(2a + (n-1)d) and [=a + (n-1)d are used, then 4 must be eliminated
method | pagora this mark is awarded by valid work. Should not be using 4 = 400, This would be M0,
Al: Correct equation in n only
then Al for 17 exactly
Trial and error methods: Finds 8= 25 and n = 17 and list from 300 to 700 with total checked — 3/3




Q2

Question Scheme Marks
Number
(a) Use nPterm =a +(n—-1)d withd=10,a=150andn =8, or a =160 and M1
n=T,ora=170andn=6: =150+7x10 or 160 +6 x10 or 170+ 5 x10
= 220% (Or gaves clear hist — see note) Al*
(2)
Or If answer 220 15 assumed and 150 + (7 — 1) 10 =220 or vanation 1s solved for n= | M1
—— | Then n =8, 50 2007 is the year (mustconclude theyear) =~~~ 1AIT | )
(b) Use 5, =~ {2a+(n—1)10} |OrS,="{a+/} andi=a+m-110 |MI
=T7(300+13x10) or 7(150 + 280) Al
=7x430
= 3010 Al
(3)
(c) Costin year n = 900+{n-1)=-20 M1
Sales in vear n = 150+(n—1)=10
Cost =3xSales = 900-+(n—1)=-20 = 3x(150+{n—1)=10) M1
900—-20n+20 =450+30m-30
500 =50m
n=10 M1
Year 1s 2009 Al
As n 15 not defined they may work correctly from another base year to get 4)
the answer 2009 and their n may not equal 10. If doubtful — send to review. (
(9 marks)
Q3
Question Scheme Marks AOs
@ : 1
S,=a+rar+ar +.. +ar’™ B1 12
1S, =ar+ar’+ar’ + +ar® = 8§, —r§, = M1 2.1
5, -rS, =a-a" Al 1.1b
all—-r")
sn(l—r]=a|[1—;-“]:>sﬂ=L* Al* 21
! (1-7)
| @
(b) a{l—rln} a{l—rr} a{l—rm} a(l—f'S)
) =Ax— or 4x— = Ml 3.1
I-r I-r I-r I-r LEs
Equation in 7*° and 7’ (and possibly 1 —7)
1-r =4(1-+7) Al 1.1b
r =4’ +3=0=(F -1)(rF -3) =07 = .
oreg. dml 21
1—r" = 4(1—1‘5 )= (l—ri}(l+ )= 4(1 - )= =
r=43 oe only Al 1.1b
)
(8 marks)




Q4

Question Scheme Marks AOs

&
Attempts S, = Sxs, =2 -8,90=7) M1 | 21

7 1-r 7 1-r

8 §
:>1:?><(]—r ) M1 2.1
s 1
=r ZE:}?"Z__ M1 1.1b
1

::»r:i—2 (so k=2) Al 1.1b
(4 marks)

Notes:

Mi1:

M1:
M1

Al:

. . . . 8
Substitutes the correct formulae for 5, and S; into the given equation S, =?xS¢;

Proceeds to an equation just in r
Solves using a correct method

Proceeds to rziiz giving k=2




Platinum Questions

Non-calculator
The total mark for this section is 26

Q1

The sum of the first p terms of an arithmetic series is ¢ and the sum of the first ¢ terms of the
same arithmetic series is p, where p and ¢ are positive integers and p # q.

Giving simplified answers in terms of p and ¢, find

(a) the common difference of the terms in this series,

(6))
(b) the first term of the series,

(&)
(c) the sum of the first (p + ¢) terms of the series.

(&)

(Total for Question 1 is 11 marks)




Q2

(a) The sides of the triangle ABC have lengths BC = a, AC = b and AB = ¢, where
a <b <c. The sizes of the angles 4, B and C form an arithmetic sequence.

(i) Show that the area of triangle ABC is ac? .

)
Given that ¢ =2 and sin A = @ , find
(ii) the value of b,
(2)
(iii) the value of c.
“4)

(b) The internal angles of an n-sided polygon form an arithmetic sequence with first term
143° and common difference 2°.

Given that all of the internal angles are less than 180°, find the value of n.
(6))

(Total for Question 2 is 15 marks)

End of Questions



Platinum Mark Scheme

Ql.
Q. Scheme Marks Notes
2@) | g=£Qa+(p-1d) and p=£Q2a+(g—Dd) Ml | Aftempt cae sum formmla
- - Al Both correct expressions
f | Eliminate a. Dep on 1% M1
g _p dM1 °F
2!———[=(?'I:p—l—q+l] Must uze 2 indep. eqns
we2og) Al Correct elimination of g
g’ —p’ 2(p+
g -p)  ,_2ptao) I
ra(p—gq) rq AL(5) | Comect simplifie
Substitute for 4 in a correct
® | 20222, @ D+p) . _da-D-pp-D M1 | e Le saRing
p pq pq(g—p)
] 1 1 1 dM1 Eearrange to @ =. Dep M1
g tgptp —p-g g +p-Digtp) p +ig-1g+p) . _
g g g Al (3 Ci.jrrect single fraction
with denom = pg.
p+ql( 29 (p—-1D2g+p) 2p+q) \ Attempt sum formula with
(©]s,, =7 =+ + (p+g-1| M1 = (gtg) and & their a
i.r Pq ) and d
_ e g taptp —p—q) 2p+tg-Diptq) L Attempt to simplify-
- g g - denominator = pg or 2pg
P_*"T[_pq] = [p+al Al (3) | Alfor-(ztg)
- 11 (5+ for concise
pg [11]
simplification/factonsing)




Q2.

Question Scheme Marks MNotes
Number
Q@ _(a) A 8+(0+a)+(6+2a)=180 | M1 Equate § ;=180
@ 36 + 3¢ =180
~B=B+a) =60° | Al Show B = 60°
M1 Use of %a(' sin B
1. _ ac 3 () Al
296 ;O 0
(1) Correct use of sine
Sine Rule b = _4 OR 1 besin 4 = (Ic"\f@ M1l rule or ! prsin.4 and
— sn(8+a) sinA 2 4 @
543 Al
b = 2x H——=a)5
15 2 Ll (2)
(i) | Cosine Rule b2 = a* +¢? —2accos(f+a) M1 Usze of cos rule
where all terms are
5 =442 2%2xe l known, except c.
2
0 =¢2-2-,-1 OR C:—21E+1=0 M ?;E&simplify-:’
e = 2EAAsd M1 Solving
2
1/2
¢ =1+42 OR  (3+2./2) Al _(#®)
(b) " Foruse of 5,
5, = E[2 x143+2(n-11_ = W42+n)} M1 needn’t be
simplified.
Sum of internal angles =180(n-2) B1
n(142+ 2)=180(n-2) = 0= n?-38x +360 Al Correct 3TQ.
0=(n—-192-192+360 M Attempt to solve
n—19==+1 _(n=200r18) ) relevant 3TQ
Internal angles all <180 #20=143+19 « 2= 180
#18=143 +17 x 2< 180 ] s+
~n=18 Al ®)]
[15]
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Teacher Notes

These Bronze, Silver and Gold worksheets are designed to be used either straight after the content
has been taught or as part of a skills gap analysis, especially as students move into year 13.

They are drawn from the latest specification questions and legacy questions. The papers are
between 25 and 35 marks.

The topic number on this worksheet relates to the corresponding chapter number in the ‘Pearson
Edexcel A Level Mathematics: Pure Mathematics Year 2’ textbook.

Non-Calculator Questions

The new specification allows calculators to be used in all papers. We have, however, put these
questions together with the intention that students can complete them without a calculator. It’s
important for pupils to be able to maintain their non-calculator skills, especially on topics such as
surds or indices, to support question that use the keywords “show that” or “prove”. If you wish to
ease the difficulty slightly then you can, of course, allow students to attempt them with the support
of a calculator.

Quick Links

(Press Ctrl, as you click with your mouse to follow these links)
e Bronze Questions

e Bronze Mark Scheme

e Silver Questions
e Silver Mark Scheme

e Gold Questions
e Gold Mark Scheme

The Platinum Questions below are taken from the Advanced Extension Award. You can use these in
class as high level problem solving questions, either with individual students or as group problem
solving exercises. On the Advanced Extension Award students, typically, need to get around 50% to
get a Merit and around 70% to get a distinction.

e Platinum Questions
e Platinum Mark Schemes

Extension and Enrichment

If you have students that have enjoyed the challenge of the Gold questions, then they should have a
go at the more challenging question from our Advanced Extension Award (AEA) papers. The
Mathematics AEA is a single, 3 hour non-calculator paper, taken at the end of year 13. It helps
students to develop high level problem solving and proof skills. It is entirely based on the content of
the A Level Mathematics Course. No extra material needs to be covered to take the AEA in
Mathematics. A second important difference is that marks are awarded for the clarity and quality of
their solution. Developing this key skill, alongside the extra problem-solving experience, can pay
dividends in the way they approach A Level Mathematics and Further Mathematics problems.

More information about the Advanced Extension Award can be found here on the Pearson Edexcel
Website, or here on the Maths Emporium

ALWAYS LEARNING PEARSON



https://qualifications.pearson.com/en/qualifications/edexcel-a-levels/advanced-extension-award-mathematics-2018.html
https://www.mathsemporium.com/category/advanced-extension-award-mathematics/

Bronze Questions g
Non-calculator

The total mark for this section is 25
QI

Find the first 3 terms, in ascending powers of x, of the binomial expansion of (3 — 2x) >,
giving each term in its simplest form.

“)

(Total for Question 1 is 4 marks)

Q2

Find the first 4 terms, in ascending powers of x, of the binomial expansion of

(3]
Rk —
2

Giving each term in its simplest form.
C))

(Total for Question 2 is 4 marks)

Q3

f(x)=—. xl<4
) Vid+x) |

Find the binomial expansion of f(x) in ascending powers of x, up to and including the term
in x*. Give each coefficient as a simplified fraction.

(6

(Total for Question 3 is 6 marks)




Q4

= 1 3
f(x)= TR |_T‘ {':

V(9+4xT) 2

Find the first three non-zero terms of the binomial expansion of f(x) in ascending powers of x.
Give each coefficient as a simplified fraction.

(6)

(Total for Question 4 is 6 marks)

Q5

(a) Use the binomial expansion, in ascending powers of x, to show that

— 1 .
J4-x) =2—1x+kx' + .

Where £ is a rational constant to be found.
C))
A student attempts to substitute x = 1 into both sides of this equation to find an approximate
value for /3.

(b) State, giving a reason, if the expansion is valid for this value of x.

)

(Total for Question 5 is 5 marks)

End of Questions



Bronze Mark Scheme

Q1
Question
Number Scheme Marks
G-2x)° =243, ... +5x(3)'(-2x)=—810x B1, Bi
i M1 A1 4
o ;4[3)1(—2x}‘ = +1080x> “
[4]
Hotes First term must be 243 for B1, writing just 3° is BO (Mark their final answers except in
second line of special cases below).
Term must be simplified to —810x for B1
The x 1s required for this mark.
The method mark (M1) is generous and is awarded for an attempt at Binonual to get the
third term.
There must be an x* (or no x- i.e. not wrong power) and attempt at Binomial Coefficient
and at dealing with powers of 3 and 2. The power of 3 should not be one, but the power of
2 may be one (regarded as bracketing slip).
3 5 .
So allow [2] or [3] or 'C; or 5C3 or even (g] or [%J or use of ‘10" (maybe from
Pascal’s triangle)
May see °C,(3)’(-2x)" or °C,(3)’(-2x") or °C,(3)°’(—1x?) or 10(3)’(2x)* which would
each score the M1
Alis c.a.0 and needs 1080x” (af 1080x" is written with no working this 1s awarded both
marks 1.e. M1 Al.)
Special | 243+810x+1080x" is BIBOM1A1 (condone no negative signs)
S Follows correct answer with 27 —90x+120x" can isw here (sp case)}— full marks for
correct answer
Misreads ascending and gives —32x° +240x* —720x° is marked as BIBOM1AO special
case and must be completely comrect. (If any slips could get BOBOMI1AQ)
Tgnores 3 and expands (1+ Ex}s 1s 0/4
243, -810x, 1080x? is full marks but 243, -810, 1080 is B1,B0,M1,A0
. h 2o . 5
NB Alternative method 3°(1-$x)" =3"-5x3"x {%x}+ [3]35 (—%x}z +.. is BOBOMI1AOD
— answers must be simplified to 243 —810x +1080x" for full marks (awarded as before)
. 5
Special case 3(1—%):)’ =33 x3x(%x}+(3]3[—%x}z +__1s B0, B0, M1, A0
Or 3(1-2x)" is BOBOMOAD




Q2

Question
Number

Scheme

Marks

-]

1+12x

Both terms correct as printed (allow 125
but not 1*)

Bl

87 3x} 876 ;
Ak

RN

[%x xr:]m(@x _xf]or

{!C: x___x_l':}m'

M1: For either the x° term or the »* term.
Requires correct binomial coefficient in
any form with the correct power of x, but
the other part of the coefficient (perhaps
including powers of 2 and/or 3 or signs)
may be wrong or missing.

{’C_;x___x_‘f;}

M1

Special Case: Allow this M1 only for

an attempt at a descending expansion

provided the equivalent conditions are met for any term other than the first

{2 0 2o
ENE FONER

ot 632+ 18927 +

Al: Either 631" or 189x°

Al: Both 63y and 189y

AlAl

Terms may be listed but must be positive

[4]

Total 4

i . i - [ 3x i
Note it 1s common not to square the 2 m the denominator of [T]aud this gives

1+12x+126x" + 756" . This could score BIM1AOGAD.

2 3
3x 3y X
Note ... + “Cz[f +T] + 'C5{1’+T] i

was implied by later work

would score MO unless a correet method




Q3

ﬁf;::: Scheme Marks
Q 1 =

fx)= =(4+x)* 1
(x) V(d4+x) ‘ ) &

_(ayd 1 1

=(4)7(1+ ...) E{H i) orm B1

DD (D)D) «Y
4 2 4, 3! 4
frthcﬁ'[i]
4
z 5
=l~_%1‘+1i51_—vd4313+ A1, A1 (6)
[6]
Alternative
1

= =4

()= =+ M
o | Tia wark 3 o | -
—4"*+l—%}4ﬂ+{ 31}{» '}4”3*%4“” B1 M1 A1
1 3 , =
TR we e St -




Q4

Q}Iﬁtm“ Scheme Marks
Number
F(x)=( - +.)° M1
—+ | 1
(1+.'vc1 = 1+nk’ + . n not a natural number, k+#1 | Ml
_IN[_3 i
(1+h~]"*= o ’f]f ﬂ(h’} fi their k=1 | Al fi
+ 1
[1+-4—x1] e S gt Al
9 9 27
fx)mt-2 g Al 6
X)=———x +—x
[ 3 27 81 ©)

[6]




Q5

Question Scheme Marks AOs
(a) z
1 )2
{4—x]=2[1——x] Ml 2.1
4
: (1 ]( 1] M1 | L1b
— - I 2 a
2
N e e
- 2\ 4 2! 4
1 1
,’(4—x)=2 I——x——x" +.. Al 11b
8§ 128
1 1, 1
(4-x)=2——x——x+.. and k=—— Al 1.1b
4 64 64
()
(b) The expansion is valid f0r|x| <4, so x=1 can be used Bl 2.4
1)
(5 marks)
Notes:
(a)
1
M1: Takes out a factor of 4 and writes ..}(4—:(} = Z(Ii...)z
M1: For an attempt at the binomial expansion with n = —
2
i)
l J— —_—
Eg. (1+ar) =1+~(ax)+-2 2 (ax)' 4
2 2!
1
Al: Correct expression mnside the bracket l——x——x"+ which may be left unsimplified
§ 128
1 I,
Al: 4—y)=2—x——x +.. and k=——
4 o4 64
(b)
Bl:  The expansion is valid for IIl <4.50 x=1 can be used




X

Silver Questions

Non-calculator

The total mark for this section is 35

Q1

(a) Find the first 3 terms, in ascending powers of x, of the binomial expansion of
(3 + bx)’
where b is a non-zero constant. Give each term in its simplest form.
C))
Given that, in this expansion, the coefficient of x? is twice the coefficient of x,
(b) find the value of b.

2

(Total for Question 1 is 6 marks)

Q2
(a) Find the first 3 terms, in ascending powers of x, of the binomial expansion of
(2 — 9x)*
Giving each term in its simplest form.
“4)
f(x) = (1 + kx)(2 — 9x)*, where k is a constant
The expansion, in ascending powers of x, of f(x) up to and including the term in x? is
A—232x + Bx?
Where 4 and B are constants.
(b) Write down the value of A4.
1)
(c) Find the value of £.
(2)
(d) Hence find the value of B.
(2)

(Total for Question 2 is 9 marks)

@ Pearson



Q3

2x* +5x—10 B c
T —— =T ] +
(x—D(x+2) x—1 x+2

(a) Find the values of the constants 4, B and C.

C))
2 —
(b) Hence, or otherwise, expand 2% +5x-10 in ascending powers of x, as far as the
(x - l) (x + 2)
term in x°. Give each coefficient as a simplified fraction.
(7

(Total for Question 3 is 11 marks)

Q4

(a) Use the binomial expansion to show that

1+ x 1 ,
=]l+x+—x", |x|<l
l1—x 2

()
. 1 .
(b) Substitute x =— into
26
( 1+ x ] 1,
=l+x+—x
\/ l1-x 2
To obtain an approximation to V3. Give your answer in the form % where a and b are
integers.
(&)

(Total for Question 4 is 9 marks)

End of Questions




Silver Mark Scheme

Q1

Question
Number

Scheme Marks

(a)

243 as a constant term seen. | Bl

B+ }= 3+ ‘q@'0+ ‘C,0 0By +. 405bx | B1

= 243 + 405bx + 270b°%* + . (*Coxxx) or (PC, ) | ML

270b°x° or 270(bx)* | A1 [4]

(b)

. Establishes an equation from
{2(coeff x) = coeff x* | = 2(405b) = 270b] their coefficients. Condone 2 on | M1
the wrong side of the equation.

So. {b:i—:rg:?}b-—-S b=3(Ignore b= 0, ifseen) | A1

[2]
6

(a)

(b)

The terms can be “listed” rather than added. Ignore any exira terms.
1"B1: A constant term of 243 seen. Just writing (3)’ is BO.
2" B1: Term must be simplified to 405bx for B1. The x is required for this mark. Note
405 + bx 1s BO.
M1: For either the x term or the x”term. Requires correct binonual coefficient i any form with the
correct power of x. but the other part of the coefficient (perhaps including powers of 3 and/or b) may be
WIONg Or mussing.

5 3
Allow binomial coefficients such as [2] [%] [] ] [%} L
Al: For either 2700%x" or 270(bx)". (If 2705 follows 270(bx)", isw and allow A1)

45

Note that a factor of 3° can be taken out first 3‘[1 + bTJ] . but the mark scheme still applies.

Ignore subsequent working (isw): Isw if necessary after correct working:
e.g. 243 + 405bx + 2706°x* + .. leading to 9 + 15bx + 10b°x* + ... scores BIBIM1AT isw.

Also note that full marks could also be available in part (b), here.
Special Case: Candidate writing down the first three terms in descending powers of x usually get

(bx)’ + °C,(3) ' (bx)* + °C,(3) ' (x)* + .. =b'x' + 158" " + 908’y + .
So award SC: BOBOM1AO for either ('C,x .. xx*) or (°Cyx ..xx")

M1 for equating 2 times their coefficient of xto the coefficient of x” to get an equation in b,

or equating thewr coefficient of x to 2 tumes that of x*, to get an equation in b.

Allow this M mark even if the equation 1s trivial. providing thewr coefficients from part (a) have been
used, eg:  2(405b) = 270 | but beware b = 3 from this, which 15 A0,

An equation m b alone 1s required:

eg 2(405b)x = 270b°x" = b =3 or similar will be Special Case SC: M1AO (as equation in
coefficients only is not seen here).

eg 2(405h)x = 2706 x" = 2(405b) = 270b° = b =3 will get M1A1 (as coefficients rather than
terms have now been considered).

Note: Answer of 3 from no working scores M1AO.

. ( bxY ; :
Note: The nustake k(l + _3{] k=243 would give a maximum of 3 marks: BOBOMIAO, M1A1

Note: For 270bx" in part (a), followed by 2(405b) = 2705” = b =3.in part (b), allow recovery M1A1.




Scheme

{(1+ k) (2-9x)") = @+ )16 - 288x + f1osai+ })

(@) (2-9x)' = 2* + %€, 2°(-9x) + *€,2%(-9x), (b) f(x)=(1+kx)(2-9x)' = 4—232x + B

First term of 16 in their final series
At least one nf{*["]x._.x x::l or (*Cyxxx)

- [:16}—23314— 19.4411 ...................................................................

(2-9x)* = (4 - 36x + 81x7)(4 — 36x + B1x")

16 — 144x + 324x” — 144x + 1296x° + 324x°

(16) — 288x+ 1944x”

= 2*[1+4[—Ex]+ﬁt—gx| +‘
2 2 | 2 |

4

= (16)—288x+ 1944x”

Parts (b). () and (d) may be marked together

e R S S SRS

xterms: —288x + 16k =—-232x

giving, 16k =36 = k =;;

x° terms: 1944x% — 288kx”

So, B =1944 - Eﬂﬂ[é l; = 1944-1008 = 936

.. First term of 16 in thhir final sevies [ BT |
Attempts to multiply a 3 term
guadratic by the same 3 term
gquadratic to achieve either 2 terms in
... xoratleast2temmsin x’. |
At least one of —288x or +1944x” | Al

First term of 16 in final series | Bl

 Atleastomeof |
[4x._.xx}or(ﬁx...xr‘n] Ml
2
At least one of —288% or +1044x% | A1

Both —288x and +1944x° | A1

" May beseen inpart (W) or (@) |
and can be implied by work in | M1




Question  Notes

(a)
Ways 1
and 3

Way 2b

(e)

(d)

Bl cao
M1

17 A1

amd 47

Note

Special
Case

Blft

Ml

Note

Al

M1

Al
Note

16

Correct binomial coefficient associated with correct power of x i.e 1 Coxw x)or II C,xomx)

403
They may have 4 and & or 4 and (

-

4 5

or even [1 l and ( 5|3 their coefficients. Allow missing
/ wes

signs and brackets for the M marks.

At least one of —288x or + 1944x” (allow +- 288x)

Both —288x and + 1944x” (May list terms separated by commas) Alse full marks for correct

answer with no working here. Again allow +- 288x

If the candidate then divides their final correct answer through by 8 or any other common factor
then isw and mark comrect series when first seen. So (a) BIMIAITAL Tt is likely that this approach
will be followed by (b) BO, (c) M1AQ, (d) M1AO if they continue with their new series e g.
2—36x + 283x" +__. (Do not fi the value 2 as a mark was awarded for 16)

Slight Variation on the solution given in the scheme

(2-9x)* = (2-9x)(2 - 9x)(4 - 36x + 81x7)
= (2-9x)(8—108x+ 486x" + )
T Firsttermof 16 [BI
=16 — 216x +972x" — 72x + 972x" Multiplies out to give eit]:uﬂer ALl
eveefemsinyorltermsin X7 |

At least one of —2881 or +1944y% | Al

= (16)— 288x + 1044x" + - - P o
Both —288x and +1944x" | A1

Parts (b), (c) and {d) may be marked together.

Must identify 4 =16 or 4 =their constant term found in part (a). Or may write just 16 if this is
clearly their answer to part (b). If they expand their series and have 16 as first term of a series it is
not sufficient for this mark.

Candidate shows intention to multiply (1+kx) by part of their series from (a)

ez Just (14 kx)(16—288x+ ) or (1 + kx)(16 —288x+ 1944x" + ... are fine for M1.

This mark can also be implied by candidate multiplying out to find two terms

(or coefficients) in x. L.e. £1. their —288x + 16k N.B. —288kx =—-232x with no evidence of
brackets 13 M0 — allow copying slips, or use of factored series, as this is a method mark

k= %n.e. so 3.5 is acceptable

Multiplies out their (1 + k:l:}l{l 6—288x+ 1944x" + _) to give exactly two terms (or coefficients)

in x* and attempts to find B nsing these two terms and a numerical value of k.

936

Award A0 for B = 936x"

But allow Al for B = 936x" followed by B = 936 and treat this as a correction
Correct answers in parts (c) and (d) with no method shown mav be awarded full credit.




Q3

Wrbsee G o
2x +5x-10=A(x-1)(x+2)+ B(x+2)+C(x-1)
x—1 —-3=3B = B=-1 MI Al
x—=2 -12=-3C = C=4 Al 4
" =1
2x" +5x-10 4 [ x]
—=2+(1- +2{1+— M1
®) (x-1)(x+2) =) 2
[1—_1‘}-1=1+J'+x3+ Bl
-1 P
[1+£] s T, B1
2 2 4
2x* +5x-10 1Y
Gk =(1+1+2]+(I—1)x+[1+EJ1 + . M1
=5+ ... fttheir A-B+1C | Al ft
= .. +%I:+ Ox statedor implied | ALAL  (7)
[11]




Q4

Question
Number o T
1+x 3 -3 1 ]
(a) { 1_1]}-[1+I] (1-x) 1+x)a-x7 |Bl
_[1 [l)( l) A ks
=143 = 14| —— { —x)+ 4( x) + See notes | M1 Al Al
=[1 +lr —lx: L ]x(l +lx+ ix: + ]
2 8 2R
_1+l.1+%x +%x+lx .5 S See notes | M1
I 1, Answer is given in
= 1“'-‘“‘?" the question. o
[6]
1+(4) ( 2N i1 ]3
—13] —134 -] = M1
®) 1-(%) = 26J+ 2[26
e 33 _ 1405 BI
3 1352
2
50, -uﬁ: E ﬁ Al cao
4056 4056
[3]
9
Naotes for Question
i o -1 1
{a) Bl (1+x)7(1-x)7 or .,||'(1 + x)(1 = x) ? seen or implied. (Also allow {(1 +xX1 - x)! 7).

1
M1: Expands (1+ x)* to give any 2 out of 3 terms sumphified or un-simplified,

e iIy_1
(TJ{ 1) 2 s (2)(—%) 2

1
- + = + B
Eg. 1 zx or (2J o or =

=
or expands (1- x) * to mve any 2 out of 3 terms sumplified or un-sumplified,
=P=D L L L PIRRT

Eg: 1+[——]{—x}or +[——]{ )+ H o or 14 +TI—I}

Also allow: 1 + . u{ ¥ for M1.

Al: At least one binomial expansion correct (either un-simplified or simplified). (ignore »* and x* terms)
Al: Two binomial expansions are correct (either un-simplified or simplified). (ignore »° and x* terms)
Note: Candidates can give decimal equivalents when expanding out their binomual expansions.
MI1: Multiplies out to give 1, exactly two terms in x and exactly three terms in x°.
Al: Candidate achieves the result on the exam paper. Make sure that their working is sound.
Special Case: Award SC FINAL M1Al for a correct [1 +%x+%x’ +...]x[1+%x+ %.‘r" +}

e . ; : 3, 15 1,4 1 3, 1 1 4
nu;lttphedmﬂwrthnummtogwemﬂ:er1+x+a:r +;x -Er or 1+;x+Ex +Ex+Ex or

1 1.5 .1 | - 1 | 1, ' 1,
1+:1’+—I‘ +=xXx+—Xx" or 1+Ex+Ex‘ +Ex—EI' leading to the correct answer of 1+.1'+Er.

@ Pearson



Notes for Question  Continued

(a) ctd _ ) _ 2 1.1 -1 ; -
Nate: If a candidate writes down etther (1 + x)? = 1+;x —Exz +..or (1-x) 12 1+Ex+ Ex' + .
with no working then you can award 17 M1, 1" Al !

Note: l‘.fa candldate mtes down both correct binonual expansions with no working, then you can award
1M1, 17 AL, 2™ Al
1 1+x ;
(b) M1: Substitutes o mto both sides of ; ] and 1+x+_x'
-x 2
i 27 1405 ; ;
B1: For sight of 1‘— (or better) and 35 or equuvalent fraction
Eg: —-Nr- and o or 0643 and o or3£ and 1 = or 3 mE[MUSJ
1352 1352 h 1352 341352
mﬁnefor Bl
7025 or any equivalent fraction, eg: 14050 or 182650 et
4056 ¢ 8112 105456
Special Case: Award SC: M1B1AO for \E = 1.732001972_. or truncated 1. 732001 or awrt 1.732002.
‘\oltﬂlmlg—j-=l?32ﬂﬂl‘9?” and £=l.?32{]50308...
4056
Aliter 2 1
1+x) [a+0a-»  Ja-xH K. B ;
= = ~ = = (1-X")3 (- 7 -
Way 2 { R e e e I
=1+ 1)) e 1) EE D e .
= = - ee notes | MIATAL
1, 3
=[1—Ef+...]x{1+ XHx+ )
=1+x+f—%f See notes | M1
LG .H—lx: Answer is given i'.n_rhe AL+
2 question.
[6]

Aliter sk :

@ |Bl Q-x)Q-x) seennrinq:-hed
Way 2

M1: Expands {1—.1 } to give both terms simplified or un-simplified, l+[ ] - }

or expands (1- x)™' tugiveanyZmrtnfErtermsﬁimp]jﬁednnm simplified,

Eg.  1+(-1){(-x) or _+(-1){(-x)+ 1]{ 2}[-— ¥ or 14 { 1)'[ ‘)(‘ xX)

Al: At least one binonual expansion cm'rect (ﬂﬂ:ler un-simplified or simphﬁed). {1gnore x and x* terms)
Al: Two binoral expansions are correct (either un-sumplified or sumplified). (ignore x° and x* terms)
M1: Multiplies out to give 1, exactly one term mn x and exactly two terms mn x°.

Al: Candidate achieves the result on the exam paper. Make sure that their working 1s sound.




Notes for Question Continued

i (1+x 1+ )1+ x 2ot :
=(1+x0)|1+ n;-:r" + ] mm:"&": MIAlALl
=1l+x+ %x: dMI1AL
Note: The final M1 mark 15 dependent on the previous method mark for Way 3.

Aﬁ::; Assuming the result on the Question Paper. (You need to be l‘.‘ll:[l'l-'l.[lﬂ'l‘l that a candidate is

Ward applving this method before vou apply the Mark Scheme for Way 4).

" l i
{ 1+x] _O+x) _ gk strt;1+1c}|-_1:[1+Jf+lx:]'[1—ﬂF Bl
1-x) Ji-» 2 2
1+ x)? ~1+[ ] {4}{ '“ . {=1+lx-lxl+...}.
3 | 2" B

1 J? - MIALAL
a-x3= [ J( r}+{}{ }{ —x)* + { 1—£x—%x3+..}

=1-lx_lf...x-lf+lr‘ See notes | Ml
2 8 2 2
1 1,
=l4+—x—-=x"
2 8
1 1,
S-O-LHS-1+E'{—E1 = RHS Al#

[6]

1 1
L , 1
Bl: (1+x)*= (1 +x+ ;x‘ ](1 —x)* seen or imphed.
M1: For Way 4, this M1 mark is dependent on the first Bl mark.
1
Expands (1+ x)* to give any 2 out of 3 terms sumplified or un-simplified,

i 1y 1
Eg: 1+lxm‘ +[ ) GX T} - .=
1

21 2
or expands (1—x)? to give any 2 out of 3 terms simplified or un-simplified.
Eg: l+[ ;]{ x) or +[ }: x)+ M{ A or 1+ .. +%|{—x}J

Al: At least one binomial expansion correct (either un-simplified or simplified). (ignore x’ and x* terms)
Al: Two binonual expansions are correct (either un-simplified or simplified). (ignore 1’ and x* terms)
M1: For Way 4, this M1 mark is dependent on the first B1 mark.

Multiplies out RHS to give 1, exactly two terms in v and exactly three terms in x°
Al: Candidate achieves the result on the exam paper. Candidate needs to have correctly processed both

1
the LHS and RHS of (1 + x)° = [1+'r+ x]{l—x}




Gold Questions g

Non-calculator

The total mark for this section is 35

Q1

27x2 +32x+16

2
ML 2P (1-x)° Fisg

Given that f (x) can be expressed in the form

A B C
= - -+
(Bx+2) (x+2) (1-x),

f(x)

(a) Find the values of B and C and show that 4 = 0.

“)

(b) Hence, or otherwise, find the series expansion of f (x), in ascending powers of x, up to and
including the term in x2.
Simplify each term.

(6

(Total for Question 1 is 10 marks)




Q2

(a) Find the first three terms, in ascending powers of x, of the binomial expansion of
1

V4 —x

Giving each coefficient in its simplest form.

C))

The expansion can be used to find an approximation to J2 . Possible values of x that could
be substituted into this expansion are:

e 1 =—14 because = —

e x =2 because
| 1 2

e x=——because —=—F+—=—
2 : 3

(b) Without evaluating your expansion,

(1) state, giving a reason, which of the three values of x should not be used

)

(i1) state, giving a reason, which of the three values of x would lead to the most accurate

approximation to V2.
)

(Total for Question 2 is 6 marks)




Q3

f(x) = 6 x| <2

V(O -4x)’ 4

(a) Find the binomial expansion of f(x) in ascending powers of x, up to and including the term
in x*. Give each coefficient in its simplest form.

(6)

Use your answer to part (@) to find the binomial expansion in ascending powers of x, up to and
including the term in x°, of

6 9
b - - Z
(b) g(x) Vo4’ | |<4,
1)
6 9
h(x) = —— =.
© b= gomos el <
(2)
(Total for Question 3 is 9 marks)
Q4

(a) Use the binomial theorem to expand

2-3x72, |x| <§,

In ascending powers of x, up to and including the term in x*. Give each coefficient as a
simplified fraction.

S))

f(x)= _athe |x| < %, where a and b are constants.

(2- 3)6)2 ’
In the binomial expansion of f (x), in ascending powers of x, the coefficient of x is 0 and the

coefficient of x? is % Find

(b) The value of @ and the value of b.
S)

(Total for Question 4 is 10 marks)

End of Questions



Gold Mark Scheme

Q1
Cuerstion
Humber Sechiesme arks
{a) 275« 325 =+ 16 = A(x = 2H1 = 1) + Bl = 1) + O3z + 2 Formang thes sdenbty | M1
Substituses cather © = —§ o
=i 12-B:16=(}}B = & =({)2 = B-4 ¥ =1 mto thewr sdentiry or
x==} % (§)8 = & =(§) . 3 exms ox sobstitutes | M/
xml, 27432416 =25C = 15 =25C= Cu) ""“‘“"“"'““““"."'"
Both Badand C=ld | Al
(Note the Al is dependent
on both method marks in
this part.)
W==dd+ = 2V ==0d+ 27T = 0= =34
Equate x* Sd=0 - =
rukstinses in 2 thad v-valoe B
of tses sumalianeots
K=, 16 =2d+ K+ 4 thous 1 show 4 =0
S =ld+d+ 2= 0=3d= Ad=0
{4
4 3
) | fiiz) = By T 0-9
el Mlovng powers io top on any
- d3re 2 & W1=1) S M1
- 4[:[14.5;]"'34. 31—y
= 11 +4x)” + 30-x)"
Either 1 £(-2X2) or
-:{n 4..:-:1-;!1;1.-']-'2-52:’11-;;’...} 1(=1)~x) from esther first | 441,
2! iof second EXpAnGIONE
respectively
Ignonng | and 3, any coe a2
-r][l -{-IH_—I};*%:!-I:-:P -r} ml—}m
' Both |} coeect | Al
=f1=3xe o'+ J o Hlexents ]
-4 0x o B 4-(0x), B | AL A
(%)
10

@ Pearson




Q2

the more accurate approximation

Part | Working or answer an examiner might | Mark | Notes
expect to see
1
(a) 1 1ol ITE M1 | This mark is given for rearranging
: ={-l—x)*=4‘,_1—] 1
WA —x Lo to attempt a binomial expansion
’*..14 —X
P L M1 | This mark 1s given for an attempt at a
f1 _f] = binomial expansion
L4
P P [ l} xf 3 P Al This mark 1s given for a fully correct
1+'_l}'_f}+ L2 L 2 x binomial expansion
IR 2 L4
1 =1 + ix + é x* Al This mark 1s given for a fully correct
~Ad-x 216 256 expansion with the first three terms
(b)(1) | x=-14, since the expansion is only valid Bl This mark is given for the correct value
for |x| <4 chosen with a correct reason
(b)(u) | x= —% . since the smaller value will give Bl This mark 1s given for the correct value

chosen with a correct reason




Q3

(a) f(x)= o (o —x) Ml
S 6 .
=6x9 ( ..) —, —. 2 or equivalent Bl
: or " 3
- (53, o CDEDED) M1 Alft
= ‘l1+[—3]{,h} () R ()
2 ) 4
=2‘ I+—x+ ] or 2+—x Al
9 9
LA 4 5 40
=24+—x+—x"+—x Al
9 27 729
(6)
(b) g(t)zl——x—l—ix“—ﬂf—l— Blft
9 27 729
(1)
() h(x) =242 (2x6)+ = (25F + =2 (25 + .. MI Al
- ot 27 729
(_,,8_ 16 , 320
=24 -x+ 2+ o+
L 9" 277 729
@
(9 marks)




Q4

Question
R Scheme Marks
3 -2
@ (2—3x)_2=2'][1—§x] B1
. [ % e - | T S (. (O o N M1 At
(ENEERERESEhIES e N
2 2 12 2 123 s
2 27 ,
=143 x+—x +—x +
4 .
et o R e, MAT  (5)
4 4 16
1 3 27 , 27
b)| fix)=(a+bx) —+—x+—x"+—x"+ ...
®)| 1) =@+ F+3x+ 20420y )
. 3a b
Coefficient of x; T —=10 [:3(: +b=ﬂ] M1
2
Coefficient of x* : %+%:% (9a+4b:3) Al etther comrect M1 Al
Leading to a=—15b=3 M1 A1 (9)




Platinum Questions

Non-calculator

The total mark for this section is 25

Q1

(a) (1) Write down the binomial series expansion of

(1+2j nell,n>2
n

3
in powers of (EJ up to and including the term in (gj .
n

n

(i1) Hence prove that, form nell, n>3
(ng ZB—E
n 3 n
7Y

f(x)z(H——J -3¢ xel, x>0
X

[SAR

(b) Use the binomial series expansion of (1 — to show that /3 < %

SN Y

Given that the function f (x) is continuous and that 3> %

(¢) prove that f(x) =0 has a root in the interval [9, 10]

©))

“)

Q)]
(+S1)

(Total for Question 1 is 13 marks)




Q2

1
(a) Find the binomial series expansion for (4 + y)5 in ascending powers of y up to and

including the term in y*. Simplify the coefficient of each term.
©))

1
(b) Hence show that the binomial series expansion for (4 +5x+x7 )2 in ascending powers of x up

to and including the term in x° is

5x  9x?  45x%°

4 64 512

©))

1
(¢) Show that the binomial series expansion of (4 +5x+x7 )2 will converge for —% <x< % .

()

(Total for Question 2 is 12 marks)

End of Questions






Platinum Mark Scheme

Q1
Question Scheme ":"" AOs
i . " _ 2 _ _ k]
@0 | (1,2) _p,f2), oD (2] a2
n n 2 \n 6 n Bl 1
No need to simplify but allow if simplified forms are given instead.
. a 2
(i) [1 +E] =1+2+ 2(n=1) + A 32" +2) +...(non-negative terms)
n n 3n
M1 2
=1+2+2—E+i-i+[i2+)...(n-:)n-negat_ive terms)
n n \3n
Simplifies terms and cancels common factors (+... may be missing).
2Y'_19 6 . *
2. 1+=| = ——— (as all other terms are non-negative.) * Al
n 3 n (S') 2
(Accept all other terms are positive, but S- if no reason is given.)
(3)
(b) Expands to
e.g.
| | | 1 3
1 — —— — — J——
[l_zf_1+1{_z)+w(_z):[zJ[ 3, 2][_£T+ o | 1
4) 2 2 4 6 a) | B9
Enough terms to deduce pattern of signs should be given.
X H x . .- .
[1-—) < 1—= since we can see all remaining terms are negative.
4 8 Bl | 3
Deduces inequality noting all remaining terms are negative. (Allow
if < used as equality can be rejected as 3 is not rational.)
(Series converges for |x| < 4 s0) substituting x =1linto the equation
: & |,
. 3 1 7 ) . . M1
gives 1 <1 3 e 3 (MO if attempt with an x with |x| >4)




Hence £ < — 43 -:: —
Simphﬁes and rearranges, no incorrect working seen. Reason for
inequality must have been given.
4)
L]
© f(9) = (1 - %) -37 > ? —5—3«1’37 using the result of (a)(ii) M1 3
17 7 2 1
=2—-3 —_5——5—=—-—>l'.] using the result of (b Al 3
3 74 73 7173 4 & ®)
2 10 E [ 6)10 10
F0)=| 1+=| -3%=| 2| -(43 ML
(10) [ ID] 5 ( ]
10
10 B 0 - A X A
But ({'ﬁ] > (E] (as g(x)=x" is an increasing function), so Al 3
(5+)
f(10) < 0 follows. (Correct reason must be given.)
So f(x) changes sign on [9,10], and as 1t is a continuous function, thus Al 5
there is a root in the interval [9,10] Must have scored both M’s. (5-)
(5)
S1 mark: Award S1 for a clear and concise solution that scores 10+ s1 5
marks without the S- or scores 9+ and includes an S+ point but no 5-.
(1)
{12 +1 marks)
Notes:

(a) S+ for noting other terms are non-negative rather than positive, or considers cases n = 3 and

n=1,2 separately.
(b) 5+ for reasoning for why terms after the second are all negative.

S+ for considering the domain of convergence to give valid expression.

(c) S+ for mentioning increasing function.
S-1f continuity not mentioned.




Q2

(Question Scheme Marks Notes
a i . Correct prep or
®) (4+y) =2(1+%) Ml dealing with 4
, L1 CORY G R Y O L WS Clear use of bin for
[2] 1+l+3[ :] Y + 3{ :}I{ 1] b4 M1 3 or 4 terms.
8 P4 3! 4 Condone missing 2
2 3
— y y ¥y Allow o.e. for
=2+ 512 Al cocfhcients
(3)
et DY BN, M1 for e
ALT (4+_v}' =4 +147y+ = N e N 3:l 47y powers of 4
(b) 2 (25%7 #1027 +[x* 125x° .. Some attempt to
Let y=35x+x" so 2+5—I+£—( [ I}+( } M1 sn_.lb.fory Ignore
. 4 El 64 512 higher order terms.
MI Clearly attempt x
2 ]
=2+%_%+455]J; (*) Aleso
(3)
P4 : 3 For 12 M1
ALT | (4+5x+2°) =(4+x) (1+2) =(@)x(1+3-5+5)
(c) |51’+le <450 5xr+x2=4 M Attempt factors or
a correct equ
4 1 L 5.
(.‘(3+51+4)*:(4+x)3(1+x}-‘ oo 2EVal Al
2 Correct fact. Or cvs
~4<x<4and -1l<x<] Sy4ri=——4 — (I+4](I+l] M1 Solves 2™ eqn or |
: correet interval
x=—lor -4 Al Al All correct
_\m -5 M1 for a suitable
S0 —-l<x=<l So —-l<x< > or ... M1 combined region
So series is convergent for —3 <x < Al (6) | Alcso
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These Bronze, Silver and Gold worksheets are designed to be used either straight after the content
has been taught or as part of a skills gap analysis, especially as students move into year 13.

They are drawn from the latest specification questions and legacy questions. The papers are
between 20 and 35 marks.
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Mathematics. A second important difference is that marks are awarded for the clarity and quality of
their solution. Developing this key skill, alongside the extra problem-solving experience, can pay
dividends in the way they approach A Level Mathematics and Further Mathematics problems.

More information about the Advanced Extension Award can be found here on the Pearson Edexcel
Website, or here on the Maths Emporium
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Bronze Questions

Calculator

The total mark for this section is 25

Q1

Figure 1
Figure 1 shows a sector AOB of a circle with centre O and radius » cm.

The angle AOB is 6 radians.
The area of the sector AOB is 11 cm?.

Given that the perimeter of the sector is 4 times the length of the arc 4B, find the exact value
of r.

“)

(Total for Question 1 is 4 marks)




Q2

Scm

24

Figure 1
Figure 1 shows a sector AOB of a circle with centre O, radius 5 cm and angle AOB = 40°

The attempt of a student to find the area of the sector is shown below.

L,
Area of sector = :;"9

% 5% % 40

|
b | =

= 500 cm?

(a) Explain the error made by this student.

)

(b) Write out a correct solution.
(09

(Total for Question 2 is 3 marks)




Q3

(a) Sketch, for 0 <x <2z, the graph of y = sin(x + %)

2

(b) Write down the exact coordinates of the points where the graph meets the coordinate

axes.

(&)

(c) Solve, for 0 <x < 2x, the equation

sin: r+ L | =0.65,
76 )
giving your answers in radians to 2 decimal places.

(6))

(Total for Question 3 is 10 marks)

Q4

(1) Solve, for 0 < 0 < 180°, the equation

sin26
(4sin26 —1)

giving your answers to 1 decimal place.

3
(i1) Solve, for 0 <x < 2z, the equation
S5sin’x —2cos x —5=10

giving your answers to 2 decimal places.

(Solutions based entirely on graphical or numerical methods are not acceptable.)
)

(Total for Question 4 is 8 marks)

End of Questions



Bronze Mark Scheme
Q1
Question Scheme Marks AOs
1,
States or uses Srg=11 Bl 1.1b
Statesoruses 2r4+r@=4r8 B1 1.1b
Attempts to solve, full method 7=, Ml 31a
r=+/33 Al 1.1b
[4]
{4 marks)
Q2
Part | Working or answer an examiner might | Mark | Notes
expect to see
(a) | The formula is only valid when the angle Bl This mark 1s given for a correct
AOBE is given in radians explanation
(b) Bl 5 T 5 57 M1 | This mark 1s given for a correct method to
360 find the area of the sector
25; em? Al | This mark 1s given for a correct value for
g the area of the sector

(Total 3 marks)




Q3

Question

Scheme

Marks

(a) 4 Sine wave (anywhere) with at least 2

turning points.

Starting on positive y-axis, going up to a
max._, then min. below x-axis, no further
1 turmng points in range, fimishing above
x-axis at x = 21 or 360°. There must be
some indication of scale on the y-axis. ..
(eg. 1.,-1or0.5)
Ignore paris of graph outside 0 to 27
nb. Give credit if necessary for what 1s seen on an initial sketch (before any
transformation has been performed).

(b) (G%] [5—30}, (H—EG] (Ignore any extra solutions) (Not 150°, 330%)

6 6
[}r—%]aﬂd (2;:—%} are insufficient. but if both are seen allow B1 BO.

(c) awrt 0.71 radians (0.70758...), or awrt40.5° (40.5416...)

()
(T—a) (243..) or (180—&) if ais in degrees. [Nor x—(a—gﬂ

Subtract % from & (or from (7 —a))... or subtract 30 if &1s 1n degrees

0.18 (or0.06m). 191 (or0.61m) Allow awrt

(The 1™ A mark is dependent on just the 2 M mark)

M1

Al ®)

Bl. B1.BI (3)

Bl

Ml

M1

ALAl (5
10

(b) The zeros are not required, 1.e_ allow 0.5_ etc_ (and also allow coordinates
the wrong way round).
These marks are also awarded if the exact intercept values are seen in part (a),
but 1f values 1n (b) and (a) are contradictory, (b) takes precedence.

(c) Bl: If the required value of & 1s not seen, this mark can be given by
implication 1f a final answer rounding to 0.18 or 0.19 (or a final answer
rounding to 1.91 or 1.90) 1s achueved. (Also see premature approx. note®).

s \|

. . . Fis - . . X . -

Special case; 5111! I_E |: 065 = smx+smg =063 =2 smx=015
\ A

x=arcsn0.15=0.15056... and x = 7 —0.15056 =299 (B0 M1 M0 A0 A0}
(This special case mark 1s also available for degrees. .. 180 - 8.62. )

Extra solutions outside 0 to 27 : Ignore.

Extra solutions between 0 and 2.7 : Loses the final A mark.

*Premature approximation in part (c):

eg a=41° 180—-41=139, 41 -30=11and 139-30=109
Changing to radians: 0.19 and 1.90
This would score Bl (required value of @ not seen, but there 1s a final
answer 0.19 (or 1.90)), M1 M1 A0 AO.




Q4

Q}icarmu Scheme Marks
Number
sin28 -
=1: 0<8<180
(45028 — 1) .
51112&:1 sm2f =k where 1<k <1 M1
3 Must be 26 and not 6.
{29 = {‘19.4?12..., 160.5283...} }
Al: Eather awrt 9.7 or awrt 80.3
8 =1{9.7356.__ 802644
(i) { } Al: Both awrt 9.7 and awrt §0.3 S
Do not penalise poor accuracy more than once e.g. 9.8 and 80.2 from correct
work could score M1A1AD
If both answers are correct in radians award ALAO otherwise ADAQ
Correct answers are 0.2 and 1.4
Extra solutions in range in an otherwise fully correct solution deduct the last
Al
[3]
Ssin’x — 2cosx—5=0, 0 <x<2m
5(1-cos’ x) = 2cosx =5=0 Applies sin’x=1-cos’ x M1
St Nl Cancellling out cosxor a wvalid attempt
at solving the quadratic in cosx and
cosx(Scosx+2)=0 it S dM1
giving cosy = ... Dependent on the
s previous method mark.
awrt 1.98 or awrt 4.3(0) Degrees: 113.58. 246.42 Al
or their  and their 27 — & . where
T Alft
i Both 1.98 and 4.3(0) okt
If working in degrees allow 360 — their
o
T 3T
awrt 1.57or — and 471 or —
o 2 - g 2 These answers only but ignore other Bl
or answers ountside the range
90° and 270°
[5]
MNB:x= awrt{].ﬁﬁ, 43(0),1.57 or % 47 or STE}
5 5 8
Answers in degrees: 113.58, 246.42, 90, 270
Could score M1M1A0A1ftB1 (4/5)




Silver Questions 20 Marks

Calculator

The total mark for this section is 20

Q1

E¢. .

; 6.1 cm
_ /5 cm
Sem ‘
w14 mdg:
.“/:.r—'_‘?
—l )

A B 7.5 cm C

Figure 2

The shape ABCDEA, as shown in Figure 2, consists of a right-angled triangle £4B and a
triangle DBC joined to a sector BDE of a circle with radius 5 cm and centre B.

The points A4, B and C lie on a straight line with BC = 7.5 cm.

Angle EAB = %radians, angle EBD = 1.4 radians and CD = 6.1 cm.

(a) Find, in cm?, the area of the sector BDE.

2
(b) Find the size of the angle DBC, giving your answer in radians to 3 decimal places.

(2)
(c) Find, in cm?, the area of the shape ABCDEA, giving your answer to 3 significant figures.

)

(Total for Question 1 is 9 marks)

X



Q2

Figure 2

Figure 2 shows the shape ABCDEA which consists of a right-angled triangle BCD joined to a
sector ABDEA of a circle with radius 7 cm and centre B.

A, B and C lie on a straight line with 4B =7 cm.
Given that the size of angle ABD is exactly 2.1 radians,
(a) find, in cm, the length of the arc DEA,
(2)
(b) find, in cm, the perimeter of the shape ABCDEA, giving your answer to 1 decimal place.

“)

(Total for Question 2 is 6 marks)




Q3

Figure 1

The shape OABCDEFO shown in Figure 1 is a design for a logo.
In the design

e (AB is a sector of a circle centre O and radius »

e sector OFE is congruent to sector O4AB

e (ODC'is a sector of a circle centre O and radius 2r
e AOF is a straight line

Given that the size of angle COD is 6 radians,

(a) write down, in terms of 8, the size of angle AOB

0y
(b) Show that the area of the logo is
1
—r (30+mn
L (30+n)
2
(c) Find the perimeter of the logo, giving your answer in simplest form in terms of 7,  and .
2

(Total for Question 3 is 5 marks)

End of Questions



Silver Mark Scheme

Q1
Num‘:;‘z: Sc
(a) | M1: Use of the correct formula or method for the
Area BDE = E(S}I 1.4) avrn of fhc socion ———
=17.5 (cm’) Al:1750e
[2]
(h) Parts (b) and (c) can be marked together
P T 7P (AN SxTIoalBC) o conlliCmo St O o ey Mi
2x3x7.5
MI1: A comrect siatement mvolving the angle DBC
Angle DEC = 0.943201... | awrt 0.943 Al
Naote that work for (b) mav be seen on the diagram or in part (c)
[2]
ic) Nate that candidates may work in degrees in (¢) (Angle DBC = 54.04....degrees )
Area CBD = % 5(7.5)5in(0.943)
Area CBD = 15(7.5)sin(therr0.943) or awn
Angle EB4 =1 -14-"0.943" 15.2. (Note area of CBD=15.177...) Mi
(Maybe seen on the diagram) A correct method for the area of triangle CBD
which can be implied by awrt 15.2
x—14—"their 0.943"
A value for angle EBA of awrt 0.8 (from 0.7985926536... or 0.7983916536...) or value for angle | M1
EBA of (1.74159... — theirangle DBC') would imply this mark,
AB = 5cos(r — 1.4 —"0.943")
or
AE =5sin{r — 1.4 —"0.943")
AB =5cos(m — 1.4 — their0.943)
AB = 5c0s(0.79859...) = 3488577938,
Allow M1 for AB = awrt 3.49
Or
AE = 5sin(7 — 1.4 — thewr0.943)
AE = 55in(0.79859...) = 3.581874365688...
Allow M1 for AE = awrt 3.58 Ml
It must be clear that 7 —1.4 —"0.943"1s
being used for angle EBA.
Note that some candidates use the sin
rule here but it must be used correctly -
do not allow mixing of degrees amid
radians.
Area EAB= -}Smﬁ[;r —1.4-"0943") = S5sm(xr — 1.4 —"0.943")
This is dependent on the previous M1 aMi1
and there must be no other errors in finding the area of triangle EAB
Allow M1 for area EAB = awrt 6.2
Area ABCDE =1517..+ 175+ 6.24...=3892 .
awrt 389 Alcso
[5]
Naote that a sign error in (b) can give the obiuse angle (2.198....) and could lead to the correct | Total
answer in (c) — this would lose the final mark in (c) 9




Q2

Question .
d £ Mark
Numsber Scheme darks
M1:7=2.1 only
Length DEA =7(2.1) =147 ML
(a) cnghh =N Al: 147 aiee
[2]
May be seen on the diagram
allow awrt 1.0 and allow 180 —
Angle CBD = -2 @ . M
5ok i 120). Could score for sight of o5
Angle CBD = awrt 60 degrees.
A correct attempt to find BC and
BD. You can ignore how the
Both 7cos(r — 2.1) and 7sin{r — 2.1) candidate assigns BC and CD.
or Teos(x — 2.1) can be umphed by
Both 7cos(r — 2.1) and \‘h: —(Teos(r— 2.1 | awrt 3.5 and 7sin(r — 2.1) can be
. implied by awrt 6. Note if the sin | dM1
; — = | rule 1s used, do not allow nuxing of
(b) Both 7sin(r - 2.1) and [7° =(7sm(7 = 2.1))" | dearees and radians unless their
Or equivalents to these answer 1mplies a correct
interpretation. Dependent on the
previous method mark.
Note that 2.1 radians is 120 degrees (to 3sf) which if used gives angle CBD as 60
degrees. If used this gives a correct perimeter of 31.3 and could score full
marks.
their BC + their CD + 7 + their
S DEA
P=Tcos(mn=21)+ Tsin{n =210+ 7 +14.7 . ddmM 1
Dependent on both previous
methed marks
=31.2764... Awrt 31.3 Al
[4]
Total 6
Q3
Question Scheme Marks AO:s
@ Angle 4OB = HT_H B1 2 2
(1)
(b) Area = 1 .(7z-67 1 2
2xr?| == J+E(2r;| e M1 21
1, 1, B 3., 1, 1,
=—prT——r@+2r@=—r@+—ra=—r(30+mT)* Al# 1.1b
2 2 2 2 2 ( )
(2)
© Perimeter = 4, Er[—ﬁgg |+ 2r8 M1 3.1a
—dr+rr+1r8 oreg r(4+7+86) Al 1.1b
(2)
(5 marks)

@ Pearson



Gold Questions

Calculator
The total mark for this section is 30

Q1
A circle C has centre M (6, 4) and radius 3.
(a) Write down the equation of the circle in the form

(x—a)Y + (v -b)y =+
2

Figure 3

»
o X
Figure 3 shows the circle C. The point 7 lies on the circle and the tangent at T passes through
the point P (12, 6). The line MP cuts the circle at Q.
(b) Show that the angle TMQ is 1.0766 radians to 4 decimal places.
“4)

The shaded region 7PQ is bounded by the straight lines 7P, QP and the arc 7Q, as shown in
Figure 3.

(c) Find the area of the shaded region TPQ. Give your answer to 3 decimal places.

©))

(Total for Question 1 is 11 marks)

@ Pearson



Q2

X
i S
i o s r
",'&Q{Q‘ 6{_-m s H”

0 cm

Figure 1
The triangle XYZ in Figure 1 has XY =6 cm, YZ=9 cm, ZX =4 cm and angle ZXY = a. The
point W lies on the line X7.

The circular arc ZW, in Figure 1 is a major arc of the circle with centre X and radius 4 cm.

(a) Show that, to 3 significant figures, a = 2.22 radians.

2
(b) Find the area, in cm?, of the major sector XZWX.

(©))
The region enclosed by the major arc ZW of the circle and the lines WY and YZ is shown
shaded in Figure 1.
Calculate
(c) the area of this shaded region,

3)
(d) the perimeter ZWYX of this shaded region.

“4)

(Total for Question 2 is 12 marks)




Q3

Figure 1

The shape shown in Figure 1 is a pattern for a pendant. It consists of a sector OAB of
a circle centre O, of radius 6 cm, and angle AOB = % The circle C, inside the sector,
touches the two straight edges, O4 and OB, and the arc AB as shown.

Find

(a) the area of the sector OA4B,

2
(b) the radius of the circle C.

(©))
The region outside the circle C and inside the sector OA4B is shown shaded in Figure 1.
(c) Find the area of the shaded region.

(2)

(Total for Question 3 is 7 marks)

End of Questions



Gold Mark Scheme

Q1
Question Scheme Marks
Number
(@ | (x— R+ (y- 4p2=; 3° Bl: Bl (2)
(b) | Complete method for MP: = /(12-6) +(6—4f M1
=40  or awrt 6325 Al
[These first two marks can be scored if seen as part of solution for (¢)]
Complete method for cos @, siné or tané M1
MT 3
e.g. cos 6= = —  (=04743) (8 = 61.6835%)
MP  candidate 5+/40
[If TP = 6 15 used, then MO0)]
£=1.0766 rad AG Al (4)
(c) Complete method for area TMP: eg. = lx 3x+/40 sin & M1
2
3 —
= '?jsl (=8.3516.) allow awrt 8.35 Al
Area (sector)MTQ = 05x 3" % 1.0766 (=4.8446..) M1
Area TPQ = candidate’ s(83516..—4.8446.) M1
=3507 awrt Al (5
[MNote: 3.51 15 AD] [11]




Q2

Question

BT e Scheme Marks
Correct use of cosine mle
- JI R R . =
(a) 9 =4"+6 —2x4x06C080x = COSH =..... R T M1
_gf P
cosaf=4 B {=—'—9=—O.61J4
2x4dx6 48
=222 = Cso (2.22 must be seen here) Al
(NB a=2.219516005) (2)
: ) s .3 : ) Correct use of cosine rule
@Wayl | XYV " =4"+06 —2x4x0c082.22=2 XY =.. ]eadmgtﬂava]uefurl'}a M1
XY =81.01....
AF=9.00.... Al
(2)
(b) 27— 2.22(= 4.06366......) 27 —2.22 orawrt 4.06 Bl
1., 42 "4 0E" Correct method for major
1x4% x"4.06 B e Ml
32.5 Awrt 32.5 Al
(3)
(b) Way2 Circle — Alinor sector
x4 Correct expression for circle area | Bl
x x4 —~x4*x2.22=325 Correct method for M1
2 circle - minor sector area
=325 Awrt 32.5 Al
| @)
Area of tnangle = Correct expression for the area of B1
(©) | 1x4x6xsin2.22(=9.56) triangle XYZ
e - Tt £ Theu Trnangle XYZ + (part (b) answer
e T R or correct attempt at major sector) Ml
=421 cm or42.0 cmr Awrt 42.1 or 42.0 (Or Just 42) Al
3)
. il 2w —_7 27
Arc length=4x 4.06(=16.24) M1: 4xtheir (27 —2.22)
(d) Or circumference — minor arc MIALf
Or 8x—4x2.22 -
Al Correct ft expression
Perimeter = Z¥ + WY + Arc Length 9+ 2+ Any Arc M1
Penumeter =27.2 or 27.3 Awrt 27.2 or awrt 27.3 Al
4
[12]




Q3

Question
Niinbis Scheme Marks
= - . i L,?
%r‘&= %{6}'[%) =67 or 18.85 or awrt 18.8 (cm)’ TR 7o (el | 280
(a) 67 or18.85orawrt 188 | Al
[2]
) sin[fJ= i s.m[iJmsinsn‘ e T . i
6 6-r ] 6-r
1
- GL Replaces sin by numeric value | dM1
=T
6—r=2r=r=2 r=2 | Al cso
[3]
3 i f sector — mr* | Ml
Area = 67 — 7(2 =27 orawrt 6.3 (cm)’ fheir area o
© e AN ) 2rorawrt 6.3 [ Al cao
[2]
5
(a) M1: Needs #in radians for this formula.
Candidate could convert to degrees and use the degrees formula.
Al: Does not need units. Answer should be esther 67 or 18.85 or awrt 18.8
Correct answer with no working is M1A1L
This M1A1 can only be awarded 1n part (a).
) ;
® Ml:Alwaﬂnwcm[—?r]mmﬁo s
3 6-r
17 M1: Needs correct triponometry method. Candidates could state sm[%]= Land x+r=6or
x
equivalent in thewr working to gain this method mark.
dM1: Replaces sin by numerical value. 0.009... = L from working “incorrectly” in degrees is fine
-r
here for dM1.
Al: For r =2 from correct solution only.
Alternative: 1 M1 for Z- =sin30 or Z =c0s60. 2* M1 for OC = 2r and then Al for r = 2.
Note seeing OC = 2r 15 MIMI.
Special Case: If a canchdate states an answer of r = 2 (mmst be wn part (b)) as a guess or from an
mcorrect method then award SC: MOMOB1. Such a candidate could then go on to score M1A1 mn part
(el
(c) M1: For “their area of sector — their area of circle”, where » = 0 15 ft from their answer to part (b).
Allow the method mark if “their area of sector” < “their area of circle”. The candidate must show
somewhere in thewr working that they are subtracting the correct way round, even if their answer 1s
negative.
Some candidates i part () will either use their value of r from part (b) or even mftroduce a value of r
in part (c). You can apply the scheme to award erther MOAO or M1AO or M1A1 to these candidates.
Note: Candidates can get M1 by writing "their part (a) answer — 77" ", where the radius of the circle 1s
not substituted.
Al cao —accept exact answer or awrt 6.3
Correct answer only with no working m (c) gets M1A1
Beware: The answer in (c) is the same as the arc length of the pendant
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Teacher Notes

These Bronze, Silver and Gold worksheets are designed to be used either straight after the content
has been taught or as part of a skills gap analysis, especially as students move into year 13.

They are drawn from the latest specification questions and legacy questions. The papers are
between 25 and 35 marks.

The topic number on this worksheet relates to the corresponding chapter number in the ‘Pearson
Edexcel A Level Mathematics: Pure Mathematics Year 2’ textbook.

Non-Calculator Questions

The new specification allows calculators to be used in all papers. We have, however, put these
questions together with the intention that students can complete them without a calculator. It’s
important for pupils to be able to maintain their non-calculator skills, especially on topics such as
surds or indices, to support question that use the keywords “show that” or “prove”. If you wish to
ease the difficulty slightly then you can, of course, allow students to attempt them with the support
of a calculator.

Quick Links

(Press Ctrl, as you click with your mouse to follow these links)
e Bronze Questions

e Bronze Mark Scheme

e Silver Questions
e Silver Mark Scheme

e Gold Questions
e Gold Mark Scheme

The Platinum Questions below are taken from the Advanced Extension Award. You can use these in
class as high-level problem-solving questions, either with individual students or as group problem
solving exercises. On the Advanced Extension Award students, typically, need to get around 50% to
get a Merit and around 70% to get a distinction.

e Platinum Questions
e Platinum Mark Schemes

Extension and Enrichment

If you have students that have enjoyed the challenge of the Gold questions, then they should have a
go at the more challenging question from our Advanced Extension Award (AEA) papers. The
Mathematics AEA is a single, 3 hour non-calculator paper, taken at the end of year 13. It helps
students to develop high level problem solving and proof skills. It is entirely based on the content of
the A Level Mathematics Course. No extra material needs to be covered to take the AEA in
Mathematics. A second important difference is that marks are awarded for the clarity and quality of
their solution. Developing this key skill, alongside the extra problem-solving experience, can pay
dividends in the way they approach A Level Mathematics and Further Mathematics problems.

More information about the Advanced Extension Award can be found here on the Pearson Edexcel
Website, or here on the Maths Emporium

ALWAYS LEARNING PEARSON



https://qualifications.pearson.com/en/qualifications/edexcel-a-levels/advanced-extension-award-mathematics-2018.html
https://www.mathsemporium.com/category/advanced-extension-award-mathematics/

Bronze Questions

Non-calculator

The total mark for this section is 27

Q1.
On the axes below, sketch the graph of y =2 cosec 26 for 0° < 8 <360°.

|-l !

0 00° 180° 270° 360° @

2

(Total for Question 1 is 2 marks)

Q2

Solve
sec’ =4

giving your answers in terms of 7.

©))

(Total for Question 2 is 3 marks)




Q3
(1) By writing 360 = (260 + 6), show that

sin 30 =3 sin 6 — 4 sin> 6.
4

(i) Hence, or otherwise, for 0 < 8 < 60°, solve
8sin*@—6sin O+ 1=0.

5)
(Total for Question 3 is 9 marks)

Q4

Given that
cos3f  sin3fd
sin cost!

= 2cot26 0=00m°. nel

Solve, for 90° < 6 < 180°, the equation

cos30 sin36
+ =2

sinf  cosf
3)
(Total for Question 4 is 3 marks)

Q5

Solve, for 0<6<180°,
2cot? 30 =3 cosec 36
10)

(Total for Question 5 is 10 marks)

End of Questions



Bronze Mark Scheme

Q1 ) - .
5 . . . . Shape
™ [ ! I.I'l : ! (May be translated but B1
1 | ;i : i | need to see 4 sections”)
o : : : —>¢
! | ; ! TPsaty==2,
21 | | | : asymptotic at correct N
i f/\ ' /\ ] x-values (dotted lines not Bldep. ()
| : | : required)
Q2
ic) soctd =4 = spcd =22 = EDSE':tJl M1
8= % ETE ALAI
(3
(9 marks)

©) ML For sec’# =4 leading to a solution of cos# by taking the root and inverting in either order .

Similarly accept tan® & =3, sin*# :%]mﬂing to sohitions of tand, sind. Also accept cos28 = —;

"
Al Obtains one correct answer usually 8 i Do not accept decimal answers or degrees

2x

"
Al Obtains both cormect answers. # T Do mot aweard iF there are extra solutions inside the range.

[gnore solutions outside the range.



Q3

Question Scheme Marks
Number
(i) sin 36 = sin (260 +6)
=sin 26 cos @ + cos 20sin
=2sin@cos l9.cos€+(1—2sin2 H)Sinﬁ M1 A1
:2sin¢9(1—sin29)+sin0—2sin39 M1
=3sinf—4sin’ 6 *k cso | A1 (4)
(ii) 8sin’ @—6sinf+1=0
-2sin30+1=0 M1 A1
sin30 = 1 M1
2
360 =30°,150°
0=10",50° A1 A1 (5)
Q4
Working or answer an examiner might expect to | Mark | Notes
see
tan26 =1 M1 This mark is given for
deducing the value of tan 26
180° +45° M1 This mark is given for finding
the solution in the third
quadrant for arctanl
0=112.5° Al This mark is given for finding
a correct value for 4




Q5

Question No Scheme Marks
Uses the identity cot®(36) = cosec®(38) — 1 in M1
2cot?360 = 3cosecH
2cosec?36 — 3cosec360 —2 =0 Al
(2cosec36 + 1)(cosec36 +2) =0 dM1
cosec36 = 2 Al
invsin (%) 30°
0 = ) =10° ddM1, Al
3 3
180° — invsin (%)
0 = —g = 50° ddM1,A1
PO |
360° + lnvsm(i)
0= 3 =130 ddM1
All 4 correct values 10°,50°,130°,170° Al
(10 marks)




Silver Questions

Non-calculator

The total mark for this section is 27

Q1

(a) Use the identity cos?d + sin’0 = 1 to prove that tan0 = sec’d — 1.
(2)
(b) Solve, for 0 << 360°, the equation
2 tan®0 + 4 sec O + sec’0 =2

(6

(Total for Question 1 is 8 marks)

Q2

Solve

cosec? 2x —cot 2x =1
for 0 < x<180°.
@)

(Total for Question 2 is 7 marks)

Q3

Solve, for 0 < 8 < 2z, the equation
3sec’d + 3sec = 2 tan’0)
You must show all of your working. Give your answers in terms of 7.

(6)

(Total for Question 2 is 6 marks)

X



Q4
Given that

ni -
2cot2x + tanx = cotx X#*F—,neEL
2

Hence, solve, for -z <x <,
4cot 2x + 2 tan x = cosec’x
Give your answers in exact form.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(6)

(Total for Question 4 is 6 marks)

End of Questions



Silver Mark Scheme

Q1
Question
Nirisas Scheme Marks
Q {a) | cos’@+sin’8=1 [+mszr5'}
cos’d  sin’d 1 Dividing cos’ 8 +sin* #=1by | ..
cos' 8 cos’ 8 cos @ cos’ 8 to give underlined equation.
1+tan’ F =sec’ @
tan’ @ =sec’ @ -1 (asrequired) AG Complete proof. No errors seen. | A1 €350
2)
(b) | 2tan* @ + 4secd +sec’ =2, (eqn*) O0=<8<360
Substituting fan” & = sec’ # - 1
2(sec’@ —1) + 4secl + sec’ H =2 nto eqn * to get a M1
quadratic in sec & only
2sec” @ — 2 + dsecl + sec’# =2
2 g Formung a three term “one sided”
dgec G+ dwecd- 4= quadratic expression in sec . M1
Attempt to factorise
2 2R | T
e 23R —2) =0 or solve a quadranic. M
secf=-2 or secf=4%
1 1 2
—— of ——==
cosd cos8 3
cosf=—1: or cosf=% costf=—1 | A1:
a=120" or & =nosolutions
6 =120 120° | A1
_—_— g ¥
8, =240 Y or ¢, =360~ when |\, -
solving using cos & =.
. F Note the final A1 mark has been (6]
8=1:120" 240
E } changed to a B1 mark.
(8]




Q2

Question Sct
Humber - Marks
cosec’2x —cot2x =1, (eqn*) 0<x<180°
Using cosec’ 2x =1+ cot’ 2x gives Writing down or using
] cosec’2x = 1+ cot® 2x | 1
Rl 2 - O L or cosec’d =+1+ cot’ 8.

For either cot’ 2x — cot 2x {=0
cot’2x —cot2x=0 or cot'2x=cot?x <. I—:{ } Al
- or cot” 2x =cot2x

Attempt to factonse or solve a
3 quadratic (See rules for factonising
thx(cnt2x !] 0 or cot2x=1 it i ik dmi
cot 2x from both sides.
cot2x=0 or cotZx=1 Both cot2x =0 and cot2x=1. | Al
cot2x=0= (tan2x —» =) = 2x =90, 270
= x=45135 Candiﬂatemempts;odividem]ﬂsr
one of their principal angles by 2. 1
Thas will be usually implied by seeing
mt?r-1=> tﬂ.ﬂzI-l = k-45,225 x-22.5mmlliugfrmcﬂt1x-l.
= x=2251125
Both x=225 and x=112.5 | A1
Overall, x = {225 45.112.5,135
x=] ) Both x=45 and x=135 | B1
7

If there are any EXTRA solutions inside the range 0 < x < 180" and the candidate would otherwise
score FULL MARKS then withhold the final accuracy mark (the spxth mark in this question).
Also 1gnore EXTRA solutions outside the range 0 < x <180°




Q3

e Scheme Marks
(ii) Jsec’@+3secH=2tan’ @ = 3sec’@+3sech=2(sec’ 8-1) M1
sec” @+ 3sec@+2=0
(sec@+2)(secd@+1)=0 M1
secf=-2.-1 Al
cos@==0.5. -1 M1
2
P i AlAl
3 3
(6)
(9 marks)
oy s 3
AL 3sec’@+3secf=2tan" @ => 3Ix 11 +3x ! =2x sm,ﬂ
cos” & cosd cos &
3+3cos@=2sin" 8
3+3cos8=2(1-cos’ @) | Ml
2cos’@+3cos@+1=0
(2cos@+1)(cosf+1)=0= cosf=-0.5.-1 MI1A1
2x 4
e " 4 MIL.ALAl
3 3
(6)




Notes for Question

()
Ml

M1

Al

M1

Al

Al

Alt ()

M1

M1

Al

M1
Al

Al

Replaces tan” & by +sec” 8+ 1to produce an equation in just sec

Award for a formung a 3TQ=0 in sec & and applying a correct method for factorising, or using the formmula,
or completmg the square to find two answers o sec &

If they replace secd =

answers to cosd

it 1s for formung a 3TQ 1 cos& and applying a correct method for finding two

cos &

1
Correct answers to sec# =—-2.—1 or cosﬁ‘:—:,—l

Award for using the identity sec &=

P and proceeding to find at least one value for 8.
cos

If the 3TQ was in cosine then it is for finding at least one value of &
Two correct values of & . All method marks must have been scored.

-
Accept fwo of 120°.180°.240° or two of% .%”.xr or two of awrt 2dp 2.09, 3.14, 4.19
All three answers correct. They must be given in terms of 7 as stated in the question.

Accept 0.6x.1.31.7
Withhold this mark if further values i the range are given. All method marks must have been scored.
Ignore any answers outside the range.

;] 1 i 2 g
Award for replacing sec™# with -— , sec & with . tan” @ with e — muliiplying through by
cos~ 8 cos cos™ &

cos” 8 (seen 1n at least 2 terms) and replacing sin” & with £1+cos” @ to produce an equation in just
cos

Award for a forming a 3TQ=01n cos& and applying a correct method for factorising, or using the formula,
or completing the square to find two answers to cosé

cusﬁ'=—%.—l

Proceeding to finding at least one value of & from an equation i cosé .
Two correct values of & . All method marks must have been scored

,’
Accept two of 120°.150°.240° or two nf‘%.%.z or two of awrt 2dp 2.09, 3.14, 419

All three answers correct. They must be given in terms of 7 as stated in the question,

Accept 0.67.1.3m.7

All method marks must have been scored. Withhold this mark if further values in the range are given.
Ignore any answers outside the range




Q4

Question Scheme Marks
Number
4 cot2x + 2tanx = cosec’x = 2 cotx = cosec?x
= 2cotx = 1 + cot’x M1
= 0 =cot’x —2cotx +1 Al
= 0 = (cotx — 1)? Ml
=>cotx =1
= tanx =1 Ml
3n
XY= A2




Gold Questions

Non-calculator

The total mark for this section is 29

Q1
Given that

sinf/  costl .
= 2cosec2d, H = 90n".

cosf  sinél

Solve, for 0° < 8 < 360°, the equation

sin@d cos6 1

cos@ sinf

giving your answers in exact form.

()

(Total for Question 1 is 6 marks)

Q2

Given that sin 2x = 2 sin x cos x, find, for 0 < x <, all the solutions of the equation

cosec x —4cosx=0

S))

(Total for Question 2 is 5 marks)

Q3

Given that

cosec 2x + cot 2x =cotx, x#90n°, n € K.

Hence, or otherwise, solve, for 0 <8 < 180°,
cosec (40 + 10°) + cot (40 + 10°) =3
You must show your working.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(©))

(Total for Question 3 is 5 marks)

@ Pearson



Q4
In this question you must show all stages of your working.
(a) Show that

cosecl —sinf =cosBcotf 8+ (180n)° nel
3)
(b) Hence, or otherwise, solve for 0 <x < 180°
cosec x — sin x = cos x cot (3x — 50°)
(6))

(Total for Question 4 is 8 marks)

Q5

(a) For —g <y <—, sketch the graph of y = g(x) where

T
2
g(x)=arcsinx —-1<x<1
2
(b) Find the exact value of x for which
3gx+1)+mn=0

©))

(Total for Question 5 is 5 marks)

End of Questions



Gold Mark Scheme

Q1

Question Scheme Marks
Number
2cosec 20 =1 M1
1 Al
sin 260 = 5
26 = 30°,150°,390°,510° M2
6 = 15°,75°,195°,255° A2
Q2
Question
Niknbee Scheme Marks
(b) cosecx —4cosx =0, O0<x<m
1
———4cosx =0 Using cosecy = — M1
sinx S X
- =4cosx
sin x
1 =4sinxcosx
1= 2(2sinxcosx)
1= 2sin2x
sin2x = =
2 sin2y =k where 1<k <1 and M1
k=0
sin2x=% A_i
Radians 2x = E,S—"
6 6
Degrees 2x = 30°,150°
Al
Radians X = i,s—n
12’ 12
Al cao
D = 15°,75° g
cerees x Solutions for the final two A (5)

marks must be given m x only.

If there are any EXTRA solutions
inside the range 0 < x < 7 then
withhold the final accuracy mark
Alsoignore EXTRA solutions
outside the range 0 < x < 7.

[6]




Q3

(b) cosec(48 +10%) + cot(48 4+ 10%) = J3
cut[.‘ﬂ:'..‘*}=uf§ M1
28+ .. =300 = a=12.5" dM1. Al
28%+. =180+ PV° = 8=° dM1
2=102.5° Al

M1  Attempt to use the solution to part (a) with 2x=468+10=> to write or imply
cot(20+..%) =3
Watch for attempts which start cota = \E . The method mark here 1s not scored
until the ¢ has been replaced by 26+...°
Accept a solution from cot(2x+...%) = /3 where 6 has been replaced by another

variable.
dM1 Proceeds from the previous method and uses tan..= - and
arctanlf%} =30 tosolve 26+..°=30°=6=..
Al @ =12.5" or exact equivalent. Condone answers such as x=12.5"

dM1  This mark is for the correct method to find a second solution to 8. It is dependent
upon the first M only.

Accept 20%..=180+PV°=0=."°

Al 6 =102.5° or exact equivalent. Condone answers such as x=102.5°
Ignore any solutions outside the range. This mark is withheld for any extra

solutions within the range.
If radians appear they could just lose the answer marks. So for example

20+ ... =%(0.524):» 6 =..is M1dM1A0 followed by

bJ

gy e fr+'%'=>e=..cmm0

Special case 1: For candidates in (b) who solve cot(46+...%) = V3 the mark scheme is
severe, so we are awarding a special case solution. scoring 00011.
cot(48+ B°) = V3= 40+ B=30°= 0= 1s MOMOAO where 8=50r10°
=40+ f=210°= G =.. can score M1A1 Special case.
If g=5°68=51251f g=10°, =50

Special case 2: Just answers in (b) with no working scores 1 1 000 for 12.5 and 102.5
BUT cot(280+5°%) = V3 =6 =12.5°,102.5% scores all available marks.

(5)




Q4

Question Scheme Marks AOs
(a) States or uses cosec 8 = Bl 12

sin &

. 1 . _ 1-sin’@
cosecﬂ—sm€=_——smﬁ?=i M1 21
sind sin &
‘6 6
=CD_‘S =cosﬁ"xcés =cosfcot = Al® 21
s & sin
(3)
(b) cosec x —sin x = cosxcot (3x—50°)

= cos xcotx = cos x cot( 3x—350°)

cot x = cot3x—50°) = x=3x-50° M1 3.1a
x=125" Al 1.1b
Also cotx=cot(3x—50°)= x+180°=3x-50° M1 21
r=115° Al 1.1b
Deduces x =907 Bl 22a
()
(8 marks)

Notes:

(a) Condone a full proof in x (or other variable) instead of &'s here
1 1 . o
B1: States or uses cosec & =—— Do not accept cosec& =— with the & missing
51 & sin

M1: For the key step in forming a single fraction/common denominator

Eg cosecf—sm & =.L—51'11|9 =l?—m6‘ . Allow if written separately _1 —smf = _1 — 51,11 6

sin & 5in & sin & sinf  siné
Condone missing vanables for this M mark

Al*: Shows careful work with all necessary steps shown leading to given answer. See scheme for necessary

steps. There should not be any notational or bracketing errors.

(b) Condone &'s instead of x's here

M1: Uses part (a), cancels or factorises out the cosx term, to establish that one solution 1s found when
x=3x-50°.
You may see solutions where cot 4 —cotB=0=cot(4d—B)=0or tand—tanB=0=tan(4—-B)=0.
As long as they don't state cot.4 —cot B =cot{4— B)or tan 4 —tan B = tan{.4 — B) this 15 acceptable

Al: x=25°

M1: For the key step in realising that cotx has a peniod of 180° and a second solution can be found by solving
x+180°=3x—50°. The sight of x=115°can imply this mark provided the step x = 3x—50°has been
seen. Using reciprocal functions 1t 15 for realising that tan x has a period of 1807

Al: x=115° Withhold this mark if there are additional values in the range (0,180) but ignore values outside.

B1: Deduces that a solution can be found from cosx =0 = x=00°. Ignore additional values here.

Solutions with limited working. The question demands that candidates show all stages of working.
SC: cosxcotx =cosxcot(3x—50°)= cotx = cot3x—50°) = x = 25°115°

They have shown some working so can score B1, B1 marked on epen as 11000



Alt 1- Right hand side to left hand side

Question Scheme Marks AOs
(@) States or uses cot@ = cn.:ns' 6 Bl 12
siné
cosBootg =05 0 _1-sm° 0 M1 21
51 & sin &
| ] :
=——-smf@=cosecf-smf * Al* 2.1
sin &
(3)
Alt 2- Works on both sides
Question Scheme Marks AOs
@ States oruses  cot@ =" or cosecf=—— Bl 12
511 sin &
LHSs = ~~sin6 - 1_5“25 = ‘:‘f"";
> f;“ s M1 21
RHSY =cosBcotf= C‘:_'S
sin &
States a conclusion E.g.
"HENCE TRUE",
Al* 21
I'QEDII
or cosecf—smf=cosfcotf o.e (condone = for =)
(3)
Alt (b)
Question Scheme Marks AOs
) cos|3x-350°
tnt.1'=cnt|,31'—:':-D°|=}C'_asr= T — )
sinx s 3x—50°)
sin(3x—50°)cosx —cos(3x—50°)smnx =0 M1 3la
sin|((3x—50°)- 1:| =0
2x—50°=0
x=25° Al L1k
Also 2x-50"=180° M1 2.1
x=115° Al L1t
Deduces cosx=0—= x=90° Bl 22a
(5)




Q5

Question Scheme Marks
(@)
I Correct position or curvature | M1
Correct position and curvature | Al
o
(2)
(b) 3arcsin(x+l)+;?r=0$arcm1[.r+l)=—% Ml
- JTl
=(x+1) =sm(—€]
=x=-1 —? dMI1A1
(3)
(5 marks)

(@
M1

Al

()
M1

Al

Note: It 1s possible for a candidate to change

Ignore any scales that appear on the axes

Accept for the method mark

Either one of the two sections with correct curvature passing through (0.0).

Or both sections condoning dubious curvature passing through (0.0) (but do not accept any negative
gradients)

Or a curve with a different range or an "extended range”

See the next page for a useful guide for clarification of this mark.

A curve only in quadrants one and three passing through the point (0,0) with a gradient that is always
positive. The gradient should appear to be approx o at each end. If vou are unsure use review

If range and domain are given then 1gnore.

Substitutes g(x+1) =arcsin(x +1)in 3g(x+1)+ 7 = 0 and attempts to make arcsin(x + 1) the subject
Arceptarcsm(.r-kl):i% or even g(x+l)=i% _Condone %mdeci.mal form awrt] 047

Proceeds by evaluating 5111[ ig ] and making x the subject.

Accept for this mark = x= iﬁil_ Accept decimal such as —1.866

Do not allow this mark if the candidate works in mixed modes (radians and degrees)
You may condone mvisible brackets for both M's as long as the candidate 1s working correctly with
the function

-1- —-oe with no other solutions. Remember to isw after a correct answer

B . . 243 -2 3 . 2
Be careful with single fractions. — :{_ and 4:!- are mcorrect but — h

3.
1s correct

T
3

to 60°and work 1n degrees for all marks




Platinum Questions

Non-calculator
The total mark for this section is 28
QI
Solve, for 0 < 6 < 180°,
tan (0 + 35°) = cot (0 — 53°).
“)

(Total for Question 1 is 4 marks)

Q2

The angle 6, 0< 6@ < %, satisfies

tan @ tan 20 = ZZcos’ 20 .
r=0

(a) Show that tan 8 = 37, where p is a rational number to be found.

@®)

(b) Hence show that % << %

(2)
(Total for Question 2 is 10 marks)




Q3

(0,4)

v

Figure 1

The circle, with centre C and radius 7, touches the y-axis at (0, 4) and also touches the line with
equation 4y — 3x = 0, as shown in Figure 1.

(a) (1) Find the value of r.

(ii) Show that arctan (%) + 2 acrtan (%) =i

®)
The line with equation 4x + 3y = ¢, ¢ > 12, is a tangent to the circle.
(b) Find the value of g.

“4)

(Total for Question 3 is 12 marks)

End of Questions



Platinum Mark Scheme

Q1
si(#+35) cos(F-53) M1 Use of correct defns for tan
(@+35)  sin(6-53) and cot
cos 5 -5
(0= cos(# —53)cos(#+ 35)—sin(d + 35)sin(& - 53) M Use of cos(A+B) rule to
0 =cos(28 — 53 + 35) reach single tng tunction
AlAL | Al for 54 and Al for 144
20— 18=90.270 sox=54,144 4)
Use of tan (4 + B) doesn't score until tan2 &= tan(90 - -18)
ALT | tan(@ + 35) = tan[90 ~ (8 - 53)] M1 Use of cotr =+ tan(90£x)
#+35=90~(8-53) or B+35=90-(#-53)+180 | Ml cither
Q2
2 Identify GP and attempt
BH5=GPa=2 r=cos2f 5 ::W MI1AL | sum to @@ for M1
—cos
cos 28 =1-2sin* # = (RHS ) =cosec’ § (Allow i) M1 Use cos2 fto simplify
tan20=—229 _ qus) =22 Ml | Useoftan2@on LHS
l-tan™ & l-tan™ &
Etan: g . l+tﬂ.ﬂ: g Equate LHS=EHS and
Equating —_— =1+cot” & = M1 use formula to get egn in
1—tan" & tan” & tané or single trig func.
50 Jtan* 8 —-1=0 Al Correct eqn (either line)
4 : Solve their equn leading
tan f=% = tanf=(3) dni "
3 o to tanf=...Dep on 4™ M
tan & =377 cn»rp:—)l Al(R)
®) 11537537 = tani>tanf>tan M1
= Ixd>Z Al(2) | =0
[10]




Q3

4 (a) | Centre (7, 4), tan& = ¥ or OA4 =4 seen or implied anywhere Bl B1
(i) | Method &  Finding cords of 4
[A=(4k 3k) = 04 =5k =4 or{4cos &, 4sin &) with attempt at & ] M1
16 12 .
A=(—. ?) can be written down Al
505
—ya__4 2 2_ .2
Complete method for » =— 3 of (r—xy )" +d -1, =2 M1
r—x,
r=2 Al
(i) | 8 +2c="Yar M1
{ .f'
arctan| i} + 2arctan| l I _z AG (no errofs, convincing) Al (8)
i 4) W2 2 cs0
(b)
Method Tangent 1s perp. to given line; intercept = (4 + #)cosecd M1 Al
o:
Complete method for g; e.g 0+ 3(intercept) = g M1
= g =30 Al (D
Method 5 | (Other variations )
Finding pt. on 4x+3v=g M1 A1
i o,
e.g where circle meets it | E ‘—61
Vs 5
. 4g 3g. (24 18
where 4y = 3x meets it (—,—=) | —, —I
23 025 5 3}
Complete method to find g, ¢ =30 M1 Al
(12 marks)
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Teacher Notes

These Bronze, Silver and Gold worksheets are designed to be used either straight after the content
has been taught or as part of a skills gap analysis, especially as students move into year 13.

They are drawn from the latest specification questions and legacy questions. The papers are
between 25 and 35 marks.

The topic number on this worksheet relates to the corresponding chapter number in the ‘Pearson
Edexcel A Level Mathematics: Pure Mathematics Year 2’ textbook.

Non-Calculator Questions

The new specification allows calculators to be used in all papers. We have, however, put these
questions together with the intention that students can complete them without a calculator. It’s
important for pupils to be able to maintain their non-calculator skills, especially on topics such as
surds or indices, to support question that use the keywords “show that” or “prove”. If you wish to
ease the difficulty slightly then you can, of course, allow students to attempt them with the support
of a calculator.

Quick Links

(Press Ctrl, as you click with your mouse to follow these links)
e Bronze Questions

e Bronze Mark Scheme

e Silver Questions
e Silver Mark Scheme

e Gold Questions
e Gold Mark Scheme

The Platinum Questions below are taken from the Advanced Extension Award. You can use these in
class as high level problem solving questions, either with individual students or as group problem
solving exercises. On the Advanced Extension Award students, typically, need to get around 50% to
get a Merit and around 70% to get a distinction.

e Platinum Questions
e Platinum Mark Schemes

Extension and Enrichment

If you have students that have enjoyed the challenge of the Gold questions, then they should have a
go at the more challenging question from our Advanced Extension Award (AEA) papers. The
Mathematics AEA is a single, 3 hour non-calculator paper, taken at the end of year 13. It helps
students to develop high level problem solving and proof skills. It is entirely based on the content of
the A Level Mathematics Course. No extra material needs to be covered to take the AEA in
Mathematics. A second important difference is that marks are awarded for the clarity and quality of
their solution. Developing this key skill, alongside the extra problem-solving experience, can pay
dividends in the way they approach A Level Mathematics and Further Mathematics problems.

More information about the Advanced Extension Award can be found here on the Pearson Edexcel
Website, or here on the Maths Emporium

ALWAYS LEARNING PEARSON



https://qualifications.pearson.com/en/qualifications/edexcel-a-levels/advanced-extension-award-mathematics-2018.html
https://www.mathsemporium.com/category/advanced-extension-award-mathematics/

Bronze Questions

Non-calculator

The total mark for this section is 32

Q1
Prove that
n
1 —cos2f =tanfsin2f, 6+ (2n : ”H. nel
3)
(Total for Question 1 is 3 marks)
Q2
Prove that
sin2x—tanx=tanxcos2x, x#(2n+1)90°, nel
“4)
(Total for Question 2 is 4 marks)
Q3
Given that

tanf° = p, where p is a constant, p # £1

use standard trigonometric identities, to find in terms of p,

(a) tan26°

2
(b) cosé’

2
(c) cot(@—45)°

2

Write each answer in its simplest form.

(Total for Question 3 is 6 marks)

@ Pearson



Q4

(a) Use the double angle formulae and the identity
cos(4 + B) = cosAcosB — sindsinB

to obtain an expression for cos 3x in terms of powers of cos x only.

)
(b) (1) Prove that
m%x *l*smx=2.~;ecx, _T?‘{ZH—I)E .
l+sinx COS X 2
)
(i1) Hence find, for 0 <x < 2z, all the solutions of
cus:x N l+sinx _4
l+sinx COs X
3

(Total for Question 4 is 11 marks)

Q5
(a) Show that
cosec — sinf = cosBcotl 6+#(180n)° nel
3)
(b) Hence, or otherwise, solve for 0 <x < 180°
cosec x — sin x = cos x cot (3x — 50°)
(6))

(Total for Question 5 is 8 marks)

End of Questions



Bronze Mark Scheme

Q1
Question Scheme Marks | AOs
1T
l1-cos2f=tanfsin2F, F= M ned
(a) - _(sin@Y ., .
Way 1 tan &'sin 28 —|_. CDS&J(Qschns %)) M1 1.1b
(sing | M1 1.1b
=| el J(Esmé',ceﬁ?f}: 2sin’ 6 =1-cos28 * T
3)
(a) _ R TIN: T, PP I S S
Way 2 l-cos28 =1-(1-2smn" & =2sin" & M1 1.1b
(sind) . . _ M1 1.1b
-{ msﬁ.;|(25mﬁcmf:?}=tanc?sm25' = AL 71
3)
Notes for Question
(a) Wayv 1
. sin g _ : .
MI1: Applies tand = 5 and sin 28 =2sin fcos & to tan Fsin 28
cos
MI1: Cancels as scheme (may be implied) and attempts to use cos26=1— 2sin’ &
Al*: For a comrect proof showing all steps of the argument
(a)
Way 2
M1: For using cos26=1-2sin’
Note: | If the form cos26=cos’ 6 —sin’ & or cos28=2cos 61 is used, the mark cannot be awarded
until cos’ & has been replaced by 1—sin’ &
MI1: Attempts to write their 2 sin” & in terms of tan & and sin 28 using tand = smi and
cos
sin28 = 2sin fcos & within the given expression
Al*: For a correct proof showing all steps of the argument
Note: | If a proof meets in the middle: e.g. they show LHS = 2sin’ @ and RHS = 2sin’ & ; then some
indication must be given that the proofis complete. E.g. 1—coslf =tand sin 28, QED. box




Q2

Question
~ Scheme Ivlarks
Number
(a) sim2y—tanx =2sinxcosx—tanx M1
Veim vroet v i
Jsinxcos x  sinx
= - M1
COSX CosX
S X )
= ®(2cos” x—1)
COS X
= tan x cos 2x dhl Al
4)
(@)
M1 Uses a correct double angle identity involving sin 2x Accept sin{x+x)=sinxcos x+cos xsinx
i smx L . -
M1 Uses tanx = with sin 2x = 2sin xcos x and attempts to combine the two terms using a common
CosX
denomunator. This can be awarded on two separate terms with a common denomunator.
Alternatively uses sinx = tan xcosx and attempts to combine two terms using factonisation of tan x
divIl Both M's must have been scored. Uses a correct double angle identity involving cos 2x .
Al* A fully correct solution with no errors or omissions. All notation must be correct and variables must be consistent
: : . , sin
Withhold this mark 1f for instance they write tanx=—
cos
If the candidate xcosx on line 1 and/or +sin x they cannot score any more than one mark unless they are
working with both sides of the equation or it 1s fully explained.
(a) Alt 1 | tanxcos2x =tan x(? cos’ x—1) M1
.l
=2tanxcos ¥—tanx
sinxy
=2 cos” x—tanx M1
oS X
=2s5in xcos x —tan x
=sin 2x —tan x dM1 Al
)
a)  Alt1 Starting from the rhs
1 Uses a correct double angle identity for cos 2x . Accept any correct version including
cos(¥+X) =CO5XCOSX —SIN XS X
. SIXY o :
1 Uses tanx = with cos 2x=2cos” x—1 and attempts to multiply out the bracket
COs X
dnl Both M's must have been scored. It 1s for using 2sinxcosx= sm2x
Al* A fully correct solution with no errors or omissions. All notation must be correct and variables must be

consistent.
See Main scheme for how to deal with candidates who +tan x




(a) Alt 2 sin2x—tanx = tan xcos 2x
Zsinxcosx—tanx = tanx(2cos’ x—1) M1
Jsinxcosx —tarfy =2 tanxcos’ x — tarlx
. 510 X .
Jamxcosx=2 cos” X M1
cosX
2smxcosx=2siMmxcosx dndi
+statement that 1t must be true Al*
a) Alt 2 Candidates who use both sides
M1 Uses a correct double angle identity invalving sin 2x or cos 2x . Can be scored from either side
Accept sin(x+x) =sinxcosx+cosxsmx of cos(x+X)=cosxCcosxX —sSINXSmY
) SNX . N Y )
M1 Uses tanx = with cos2x =2c0s” x—1and cancels the tan x term from both sides
COSX
dndl Uses a correct double angle identity involving sin 2x Both previous M's must have been scored
Al* A fully correct solution with no errors or omissions AND statement "hence true”, "a tick”, "QED". W~

All notation must be correct and variables must be consistent

It 15 possible to solve part (b) without using the given identity. There are various ways of domng this, one of which 1s

shown below.

. : 4 S X s
sin2xy—tanxy =3tanvsinxy => 2sinvcosxy— =3 sinx
COSX  COSX
2sinxcos” x—sinx=3sin” x M1 Equation in sin x and cos x
2sinx(l—sin’ x)—sinx=3sin" x M1 Equation in sin x only

Q3

(3 sin’ x+3sinx—1)sinx =0

= M1 Solving equation to find at least one 3

Two of x=16.3163.7°.0,150° Al
All four of x=16.3°163.7°.0,180° and no extras Al

EEEE? Scheme Marks
2tan&” 2
(a) | tan2d" = > =P Final answer MI1ALl
—tan' & 1—p
(2)
cosfd” = L 1 _ Final answer
(®) et irtn0® iip MI1A1
(2)
. . 1 l+tanf tan45” 1+ p :
cot|f —45)"=—— — = — = Final answer
© f—43) tan(f—45)° tnf°—tand5’ p—1 MIAL
(2)
(6 marks)




(a)
M1 Attempt to use the double angle formula for tangent followed by the substitution tan 8 = p .
2tand” 2p
- tan 287 = =
For example accept It @ 117

Condone unconventional notation such as tan 28° =

} L4
ke _ followed by an attempt to
1xtand*”

substitute tan & = p for the M mark. Recovery from this notation 1s allowed for the Al.
tan 4+ tan B
lttan Atan B

tan 4 = tan B = p . The unsimplified answer IP TP i evidence
—PxP

Altemnatively use tan( 4+ B) = with an attempt at substituting

9% L = 1ﬁ
_sin28° 2sin6cosf” _ (lxp (1Ep oo

cos28”  2cos’8°—1 9 1

It 1s possible to use tan 28°

unlikely to succeed.

2p 2p
-7 A-p+p)

Al Correct simplified answer of tan26" =

]

Do not allow if they "stmplify” to

1-p

Allow the correct answer for both marks as long as no mcorrect workang 1s seen.



(b)
M1

Al

(c)
M1

Al

Attempt to use both cos8 = and 1+ tan’ # = sec” @ with tan # = p 1n an attempt to obtam an

secd

expression for cos@ in terms of p. Condone a slip in the sign of the second identity.

Evidence would be cos*g = 1
+1+p’

Altematively use a triangle method. attempt Pythagoras’ theorem and use coz8 = :L":’-
v

The attempt to use Pythagoras must attempt to use the squares of the lengths.

{\ 1+ p°

P g
1
cosf” = Jlj._p Accept versions such as ___go _ E, +:'|::sa5?“=:lz‘l'r1j_T
Withhold this mark if the candidate goes on to write cos&” ﬁ

1
tan(6 — 45)
formmla with 4=6 , B=45 andtanéd = p .

Use the correct identity co(g—45) = and an attempt to use the tan(4 - B)

1 1
tanf+tands  pxtands
T*tanfmands 1= ptands

It is possible to use ;o409 — 45) = c0s(#—45) and an attempt to use the formulae for sin(4 - B)

For example accept an unsimplified answer such as

sin (8 — 45)
and cos(4 — B) with 4=6, B=45 sinf = L — and cos§ =;q
1,|I'1:I:p' JiEp
cosd5 L sin 45

1 b
Sight of an expression V1= P’ Ji£p’ 1s evidence.
r 1 .
sin 45
;}'I = ;H +p

Uses tan45 =1lorsin45=cos45 = %ae and simplifies answer.
Accept _1TP orq,_2

1-p r—1
MNote that there is no isw in any parts of this question.

cosd45+



Q4

?\JLLIE?EEP Scheme Marks
(a)cos(2x+x) =cos2xcosx—sin 2xsin x |: M1
={:_3'c052 x—l]cosx—{Esinxccsx}sinx M1
= {:_3' cos’ x—1 ] cosx—2(1—cos’ x)cosx any correct expression | Al
=4cos’ x—3cosx Al (4)
5 + 51 cos” x+(1+sinx)
b)) co?x _l SINX _ { ‘ } M1
l+sinx  cosx {(1+sinx)cosx
cos’ x+1+2sinx+sin” x
= — Al
(1+sinx)cosx
2(14+sinx
= ; ] M1
[l—smx]lcosx
3
=—=2secx ¥ cso | Al (4)
COs X
1
(c) secx=2 or cosx=— M1
T 5T -
\:E_ . acceptawrt 1.03, 524 | A1 Al (3)
3
[11]




Q5

Question Scheme Marks AODs
(@) States or uses cosecf = Bl 1.2

sin &

. 1 1-sin'@
cosecf—simf =———sind = 51_1:1 M1 21
s sm &
‘s 8
=C':_rs =cosﬁ'xcés =cos&cotd ® Al* 21
s & sin &
)

(b) cosec x—sin x =cosxcot3x—50°)

=> cos xcot x = cosxcot | 3x—50°)
cotx = cot(3x—50°) = x=3x-50° M1 3la
xr=25" Al 1.1b
Also cotx=cot(3x—50°)=> x+180°=3x-50° M1 21
r=115° Al 1.1b
Deduces x =007 Bl 22a

()
(8 marks)
Notes:

(a) Condone a full proof in x (or other variable) instead of 5's here

| S
B1: States or uses cosecf = Do not accept cosec & =—with the # missing

sin & s
M1: For the key step in forming a single fraction/common denominator
1-sin’ & 1 1  sin'@

. Allow 1f written separately —— —sinf=————
s & sind  sn @

. 1 )
Eo cosecd—sinfd=———sinf=—"
- sin s &

Condone missing variables for this M mark

Al*: Shows careful work with all necessary steps shown leading to given answer. See scheme for necessary

steps. There should not be any notational or bracketing errors.

(b) Condone &'s instead of x's here

M1: Uses part (a), cancels or factorises out the cosx term. to establish that one solution is found when
x=3x-50°.
You may see solutions where cot d—cotB=0=cot(d—B)=00r tand—tan B =0=tan(4—-5)=0.
As long as they don't state cot 4 —cot B =cot(4—B) or tan 4 —tan B = tan{ 4 — B) this 15 acceptable

Al: x=25°

M1: For the key step in realising that cot x has a period of 180° and a second solution can be found by solving
¥ +180° =3x—50°. The sight of x =115 can imply this mark provided the step x = 3x—50"has been
seen. Using reciprocal functions it 1s for realising that tan x has a period of 180°

Al: x=115" Withhold this mark if there are additional values in the range (0,180) but ignore values outside.

B1: Deduces that a solution can be found from cosx=0—= x=00° . Ignore additional values here.

Solutions with limited working. The question demands that candidates show all stages of working.
SC: cosxcotx=cosxcot(3x—50°)=> cotx = cot(3x—50°) = x =25°115°

They have shown some working so can score B1. B1 marked on epen as 11000

@ Pearson



Alt 1- Right hand side to left hand side

Question Scheme Marks AOs
@ States oruses  cot & = —o g Bl 12
sin
cosfcorg =05 & _1-sm 6 M1 21
sin & sin &
| ; :
=———sinf#=cosec f —sin & * Al* 21
sin &
(3)
Alt 2- Works on both sides
Question Scheme Marks AOs
(@) States oruses  cotf= ﬂ or cosect = _1 Bl 1.2
sin & sin &
LHs = = -siné = 1_'511;9 = “f"";
510 35;11 s1n M1 11
RHS =cosfcotd= cc.-s
sin &
States a conclusion E g
"HENCE TRUE",
Al# 2.1
I‘QEDII
or cosecf—sinf=cosfcotd o.e. (condone = for =)
(3)
Ale (b)
Question Scheme Marks AOs
. . cos|3x—50°
cnt.1'=cml3:f—:’:[?l°|:>c?sr= ~ . )
siny  sinf3x-350°)
sin( 3x —50°)cosx —cos(3x—50%)sinx =0 M1 3la
sin((3x—50°)-x)=0
2x—50°=0
x=25° Al 1.1b
Also 2x-50°=180° M1 21
x=115° Al 1.1b
Deduces cosx =0= x=90° Bl 22a
(5)




X

Silver Questions

Non-calculator
The total mark for this section is 34
Q1

(1) Use an appropriate double angle formula to show that

cosec2x = A cosec x sec X,

and state the value of the constant A.

(©))
(i1) Solve, for 0 < # < 2z, the equation
3sec’d + 3sec = 2 tan’0)
You must show all your working. Give your answers in terms of 7.
(6)

(Total for Question 1 is 9 marks)

Q2
(a) Starting from the formulae for sin(4 + B) and cos(4 + B), prove that
I;an{A+B]= tan 4+ tan B
l—tan Atan B
C))
(b) Deduce that
tan(€+£)= 1-.|-~.'3tan{:‘
6 V3—tan#
(©))
(c) Hence, or otherwise, solve, for 0<6 <,
1+V3tan@ = (V3—tanf Jtan (7 -0)
Give your answers as multiples of 7.
()

(Total for Question 2 is 13 marks)




Q3

(a) Prove that

1  cos2d

, : =tanfl, @ #90n°, n€Z
sin2f  sin2#

(b) Hence, or otherwise,
(i) show that tan 15° =2 — /3,

(i1) solve, for 0 <x < 360°,

cosec dx—cotdx =1

C))

©))

©))

(Total for Question 3 is 12 marks)

End of Questions



Silver Mark Scheme

Q1
o Scheme Marks
(i) cosecly =— M1
sin 2x
1
= M1
2sinxcosx
1
=—goseCrsccr = A=— Al
2 2
(3)
(ii) 3sec’@ +3secH = 2tan’ @ = 3sec’@ + 3secd = 2(sec’ #-1) M1
sec” @+ 3secB+2=0
(sec@+2)(secE+1)=0 M1
secf=-2.-1 Al
cos@ =-0.5.-1 M1
g !
GuE Ax AlAl
i R
(6)
(9 marks)
5 i s 3
ALT @) | 35020+ 35ec6=2tan? = 3x—br—+3x—— =222 ¢
cos” @ cos @ cos” @
3+3cos@=2sin’ @
3+3cos@=2(1-cos’ @) | Ml
2cos’@+3cosd+1=0
(2eos@+1)(cosf@+1)=0= cos@=-0.5.-1 M1A1
2 4
o=""% & MI1.ALAL
i
(6)
(9 marks)

@ Pearson




Notes for Question

U]
M1 Uses the idenfity coseclxy =

sin 2x
M1  Uses the correct identity for sin 2x = 2sin xcos x in their expression.
Acceptsin 2y =sin X ¢os X 4+ COsYsiny
Al A= %ﬁ::-]]owing cormrect working
()
Mi Replaces tan” @ by +sec” @+ 1 to produce an equation m just sec &

M1  Award for a formung a 3TQ=0 m sec# and applying a correct method for factorising, or using the formula,
or completing the square to find two answers fo sec@

If they replace secf = it is for fornung a 3TQ 1n cos#and applying a correct method for finding two

coséd
answers fo cos®

1
Al Cormrect answers to sec@=-2.—1 or ms&:—:.—l

1
Ml  Award for using the identity sec9=—eandpmceedingtoﬁﬂdatleastnnevaluefurﬂ.
cos

If the 3TQ was i cosine then 1t 1s for finding at least one value of &.
Al Two correct values of 8. All method marks must have been scored.

5
Accept two of 120°.180°.240° or two of%.%r.f or two of awrt 2dp 2.09, 3.14,4.19
Al All three answers correct. They must be given in terms of 7 as stated in the question.

Accept 0.67.1.37.7

Withhold thus mark if further values m the range are given. All method marks must have been scored.
Ignore any answers outside the range.

Alt (ii)
3 1 in’ &
M1  Award for replacing sec’8 with ——— , sec 8 with _tan® @ with———— multiplying through by
cos” cos @ cos™ &
cos” @ (seen in at least 2 terms) and replacing sin” 8 with %1+ cos” @ to produce an equation in just

cos &

M1 Award for a forming a 3TQ=01n cos& and applying a correct method for factorising, or using the formula,
or completing the square to find two answers to cos @
Al cus&=—%.—l

-

M1  Proceeding to finding at least one value of & from an equation in cos &
Al Two correct values of & . All method marks must have been scored

£
Accept two of 120°,180°,240° or two nf%.%[. & ortwo of awrt 2dp 2.09, 3.14, 4.19

Al All three answers correct. They must be given i terms of 7 as stated in the question.

Notes for Question Continued

Accept 0.6x.1.31.7

All method marks must have been scored. Withhold this mark if forther values in the range are given.
Ignore any answers outside the range

@ Pearson



Q2

pestion No c 5
v N Scheme Mark
_ sin{A+B)  sindcosB+cosAsing MI1AL
{a} A {A + B} = cos {A+H) ~ cosAcosE-sinAsing
sind _ #inB
= % i+ cosdAcosB) MI
FOSACOSE
tand + tanB Al™
"~ 1-tanAtanB
. (4)
wYy _ tanfttan_ M1
ﬂ}} s (ﬂ L E) ifi i—tnnﬂmng
y tand+ ;,1;
l—mnﬂ?s— Ml
_ +3tand+ 1
T W3-tang Al *
(3)
() tan (6 + %) = tan(x - 6). Ml
(0+5)=@-6) dM1
i ddM1 Al
12
mn(ﬂ +%} = tan(2w — @) dddM1
=1 Al
12
(6)
(13 MARES)




Q3

x = 22.5%112.5°202.5° 292 5°

Alt for (b)(1)

tan 15° = tan(60° — 45°) or tan(45° — 30°)

tan60 — tan45 tan45 — tan30

tan 15° = :
o 1 + tan60tan4s o 1 + tan45tan30
; y V3
v3i—1 Yoo
tan 15° = i or %3
B gl \-3

Rationalises to produce
tanl5° = 2 — V3

Question Scheme Marks
Number
(a) 1 cos28 1 —cos28 M1
sin2d  sin28  sin2@
2sin®@ MI1A1
2sinfcosf
i 6 s
= =tan & cso Al
osf (4)
(b)(1
(b)) 1 cos30° M1
tanlbs® =— —
sin30° sin30°
]
tan15° == I — % = 2 - \;‘E3 Cso dl\-’Il .‘5&1:;:
2 2
(3)
(b)Gii) tanZx =1 s
Px=450 Al
2x = 45"+ 180°
M1

Al(any two)
Al
(5)

12 Marks

M1

M1

Al*




Gold Questions

Non-calculator

The total mark for this section is 33

Q1
Show that
cosec 2x +cot2x=cotx, x#90n°, nel.
S)
(Total for Question 1 is 5 marks)
Q2
Prove
s30  sin30
Cch + 32 2cot26 8=09m)°.neZ
sin @ cosfl
“4)
(Total for Question 2 is 4 marks)
Q3

(1) Solve, for 8 <6 < m, the equation
sin3f — \Ecos%’ =0

giving your answers in terms of 7.
(&)
(i) Given that

4sin” x + cosx =4 — k, 0<k<3

find cos x in terms of k.

©))

(Total for Question 3 is 6 marks)

@ Pearson



Q4

Prove that
208 A +sin A 2n +1
3&L:2A+1&|112A5u~ Ai{”—)?{~ nei
cosAd—smA 4
(5)
(Total for Question 4 is 5 marks)
Q5

(a) (1) By writing 30 = (26 + ), show that
sin 30 =3 sin 6 — 4 sin’6.

“4)
(ii) Hence, or otherwise, for 0 < 0 < 3, solve
8sin*d—6sin+1=0.
Give your answers in terms of 7.
S)
(b) Using sin(d — &) = sin € cosa — cosd sina, f)r otherwise, show that
sinl5° =7 (V6 —\2).
“4)

(Total for Question 5 is 13 marks)

End of Questions



Gold Mark Scheme

Q1
Cluestion
M b Scheme Marks
1 cos2x
(a) coseclx +cotly=— -— M1
smlxy smlx
l+cos2x
= M1
sin2x
N 1+2cos’ x -1
2sinxcosx
_ 2eos” x M1 Al
2sinxcosx ’
cosX .
=— =cotx Al*
sinx
(5)
(a)
. cos2x 1
M1 Writing coseclx =— and cot2x=— or
sin 2Xx s 2x tan 2x

. The denominator must be correct for

» : . a+b
M1  Writing the lhs as a single fraction

their terms.
M1  Uses the appropriate double angle formulae/trig identities to produce a fraction

: . » . pPxq
in a form containing no addition or subtraction signs. A form ~or
5%
similar
2 .
: : : 2cos” x 2sinxcosx =
Al A correct intermediate line. Accept or or similar

251N XCOS X 2sinxcosxtanx
This cannot be scored if errors have been made

. . Cos X
Al%*  Completes the proof by cancelling and using either Ty~ cotx or

=cotx
tan x
: : : . 2cosxcosx
The cancelling could be implied by seeing —— = ot X
2sinx cosx
: , cos , o
The proof cannot rely on expressions like cot =—— (with missing x’s) for the
si
final Al

@ Pearson



Question

Scheme Marks
Number
1 ST
(a)Alt 1 coseclx +cotlx=— + 1" M1
sml2x tanlx
1 1-tan’x
=— +
2sin xcosx 2tanx
B talr:uf+[l—'aa1:|2 X)sinxcosx 5 2tan x +2(1 —tan® x) sin x cos x 2 A
2sinxcosxtan x dsin xcos xtan x
_ tanx+sinxcosx—tan’ xsin xcos x
2sinxcosxtany
_ tan X +5in Xcos ¥ —tan xsin’ x
2sin xcosxtanx
_ tanx(l-sin’ x)+sinxcosx
2sinxcosxtanx
_ tan XCOS X + 510 X COS X
2sinxcosxtanx
_ SINXCOSX4SINXCOsX
2sinxcosxtanx
lsinxcosx o
L oe 3 M1Al
2smxcosxtanx
= =cotx Al* (5)
tanx
(a)Alt 2 Example of how main scheme could work in a roundabout route
1 1 1 st
coseclx+cot2x=cotxy < — = 1" M1
sin2x tanlx tanx
& tan 2x tan x + sin 2x tan x = sin 2x tan 2x 2% M1
2tanx . sinx . 2tanx
ﬁ—,xtanx+25m{59'ﬁx =2sinxXeos XX ————
1-tan” x c l1-tan” x
o |
2tan’ x .3 4sn” x
— 4+ 250" X = ————
l—tan" x 1-tan" x
) PR T : v
#(l—tan” x) < 2tan” x+ 2sin” x(l—tan” x) = 4sin” x
< 2tan’ x—2sin’ xtan® x =2sin® x
" < 3 rd
& 2tan’ r{l—slnz x)=2sin" x 3T M1
;i T 3
22tan" x & 1-sin“ x=cos5"x Al
As this 1s true. initial statement 1s true Al*
(5)




Q2

Part | Working or answer an examiner might | Mark | Notes
expect to see
(2) cos 36 + S Eae S0 Eas i 56 M1 | This mark 1z given for a method to form a
sin cosf sin Bcos £ single fraction
= M M1 | This mark 1z given for a method to use a
sin 6 cos 6 compound angle formula on the
numerator
= fﬂfﬂ M1 | This mark 1s grven for a method to use a
zsin 26 compound angle formula on the
denominator
=2cot28 Al | This mark 13 given for a fully correct
proof to show the answer required

Q3
Question ;
Number Scheme Marks
Way 1: Divides by cos3&to give Or Way 2: Squares both sides, uses
) tmjﬂ:ﬁ 50 cos’ 38 +sin” 38 =1, obtains i3
(1 .,
T 1 . 3 T
(SQ}:L cos3f=+— or 5n13ﬁ=:£ 50 {SE?):L
3 2 2 3
4r  Ixm
Adds 7 or 27 to previous value of angle ( fo give Tj or TJ) M1
T 4r Ix
So H:% % . ?j (all three, no extra in range) Al (3)
(1)@ | 4(l—cos’ x)+cosx=4—Fk Applies sin® x =1—cos’x | M1
Attempts to solve 4cos” x—cosx—k = 0, to give cosx = M1
1E4/1+16k 1 |I 1 k
CoOsX = T Of CO5X = g + a +Z or other correct equivalent Al (3)




Notes
(1) M1: Obtains Z Allow x=— oreven 8=—. Need not see working here. May be implied by & = Z in
3 3 3 9
final answer ( allow (36)=1.050r 6 =0.349 as decimals or (38) =60 or & =20 as degrees for this
mark)

1
Do not allow tan38 = —f3 nortan3d = iT

3
M1: Adding 7 or 2 7to a previous value however obtained. It 1s not dependent on the previous mark.

4; 7
(May be implied by final answer of &= ; or ?T ). This mark may also be given for answers as

decimals [4.19 or 7.33]. or degrees ( 240 or 420).

Al: Need all three correct answers in terms of 7 and no extras in range.
Three correct answers implies M1MI1AL

NB: 8=20° 80° , 140° earns MIMI1AD and 0349 140 and 2 44 earns M1IMI1AD

(i) (a) M1: Applies sin® x = 1—cos” x (allow even if brackets are missing e.g. 4% 1—cos” x ).
This must be awarded in (ii) (a) for an expression with £ not after k= 3 is substituted.
dM1: Uses formula or completion of square to obtain cosxy = expressionin &

(Factorisation attempt is M0O)  Al: cao - award for their final simplified expression

Q4
gﬁgﬁ? Scheme Marks
1 sin 2.4
a gsec?d +tan?.4d = - Bl
(@) cos2d  cosld
1+sin24
" cos2d Ml

1+ 2sin Acos A

~ cos’ A—sin’ 4 Ml
_cns:A-I-*siﬂfA-l-?sin;:lcm:i

B cos® A—sin® A

_ (cos A+sm A)cos A+smn A)

" (cos.A+sin 4)(cos A—sin A) M
=|:-::-s.4—5iu.{ Al

cos.d—sin 4

(




(a)

Bl A correct identity for sec24 = 1 OR tagog— ¥n2d

cos2d cos2d

It need not be i the proof and 1t could be implied by the sight of sec2.4 =

1
cos” 4 —sin® 4
M1 For setting their expression as a single fraction. The denonunator must be correct for their
fractions and at least two terms on the mumerator.

This is usually scored for l+cosldtanld  T+sinld
cos2.4 cos2d

M1 For getting an expression in just sin 4 and cos 4 by using the double angle 1dentities

sin24=2sin Acos 4 and COS2A=005 A—SIT A, 3c0s? 4_1 OF 1_2sin’ 4.
Altematively for getting an expression in just sin 4 and cos 4 by using the double angle

identities sin2.4d=2sin dcos 4 and tan2.4 = ﬂwith tan 4 = —— u .
1—tan” A4 cosAd
1 Zzin :
For example _ cosd 15 BIMOMI so far

v - - + - )
cos' A—sin® 4§ _sin’ )
cos” 4

M1 In the mam scheme it is for replacing 1 by cos® 4 + sin” 4 and factorising both numerator and
denonunator
Al* Cancelling to produce grven answer with no errors.
Allow a consistent use of another vanable such as 8, but muxing up variables will lose the
Al*.



Question

Number Scheme Marks
cosd+sin 4 cosd+sind cosd-+sind
AltT - = - b1 -
cos.d —sin 4 cosd—sind cosd+sind
From cos” A+sin® A+2sin Acos A
RHS = = — ____lh'ﬂl.agmas.] 1[1
: ——Cos—Ad—sm A
_1+sin24d — (Dowble Angle) M1
T coslA+—
1 sin 2.4
" cos2d  cos2d (single Fracson) M1
=sec24d+tan24 Blideatisy, A1
) cos A+ sin A
At II Assume true sec2d +tan2d="""-""""
cos.d —sin A
Both 1 sin 2.4 cos A+ sin 4
, + = B1 (identity
sides cos24 cos2d cos.d—sin 4 (m)
1+=in24d s A+3in A4
= . S_m M1 (single fracrien)
cos24 cos A —sin 4
1+2sin dcosd cosd+sind
- — = - M1 (double angles)
cos” Ad—sin” 4 cos 4 —sin 4
4 9gi
x(cos 4 —sin 4) = M =cos.d+szin A
cos. A+ sin 4
1+2sin dcos A =cos® 4+ 2sin Acos A+ sin® A=1+2sin Acos.4d True | M1@pyhazor=)A1*
Alt111 sec2A + tan24 = +tan24 {ldendry) Bl
cos24d
_ 1 2 tan A
cos24 1—tan® 4
Very 1—tan” 4+2tan Acos2.4 AL
. . — 5 (Single Faction) [
difficult cos 2A(1 —tan” 4)
1 —tan” 4+ 2tan A(cos” 4 —sin” A)
(cos® A—sin® A)(1—tan’ 4)
sin”® 4 sin 4 . o @loutile, inpleand in
1——— 2 (cos” A—sin” A) | just sinand cos ) M1
cos” A cosd
. ca o], sin*4)
(cos” d—sin” A)|1———
. costd
. cos” A—sin® 4+ 2sin Acos A(cos” 4 —sin® 4)
=cos A= - — . —
(cos” A—sm” A)cos” 4—sin” 4)
_ (cos” A—sia==A7)(1 +2sin 4cos 4)
(cos® A—sm*T)(cos® 4 —sin® 4)
Final two marks as in main scheme MI1AL=




Q5

Question Scheme Marks
Humber
(a)(i) sin36 = sin (26 +6)
=sm 2?0 cosf+cos2Fsin &
= zsmacos&msm(l—zsm*9)51'119 M1 A1
:2m9(1—5m39)+sin9—2m39 M1
=3sinf—-4dsin’ 8 * cso | Al (4)
(i) 8sin’ #—6sinf+1=0
—25in38+1=0 M1 A1
A M1
2
e =
6 6
A ATAT  (5)
18718
(b) sin15° = sin (60° — 45°) = sin 60° cos 45° — cos 60°sin 45° M1
[
=L3 L_l L M1 Al
2 42 2 N2
=le5—le2=l{*.'6—xf2] * cso | A (4)
4 4 4
[13]
Alrernatives to (b)
D sin15°=5iﬂ{45°—3f}°}=sin45°c053ﬂ°—cns45°sin30° M1
1 43 1 1
S *“__I_ Ll M1 A1
N2 2 42 2
=l~.f5—lxr2=1[~.'6—~.rz} * cso | Al (4)
4 4 4
@ Using cos26=1-2sin" #. cos30°=1-2sin"15°
: 3
25i11'15°=1—cns30°=1—%
T, e M1 A1
1 Al 2-43
—(V6-v2) | =—(6+2-2412)= M1
4 16
Hence si_u15°=%[*u'6—xf2) * cso | Al (4)




Platinum Questions

Non-calculator

The total mark for this section is 33

Q1
(a) Prove the identity

(sin x + cos y) cos(x —y) = (1 + sin(x — y))(cos x + sin y)

(6))
(b) Hence, or otherwise, show that
sin56+cos30 _ 1+tand
cos50+sin30 1—tan6
(6
(¢) Given that k> 1, show that the equation w =k has a unique solution
cos 56 +sin 36
in the interval 0 < 6 < %
“4)
(+S2)

(Total for Question 1 is 17 marks)

Q2
Solve, for 0 < x < 360°,

sin 47° cos® x + cos 47° sin x cos> x = —cos? x.

(7)
(Total for Question 2 is 7 marks)

Q3
Solve for 0 <x <360°

(secx)(sec78°)
2

cot2x—tan78° =

where x is not an integer multiple of 90°.

)
(Total for Question 3 is 9 marks)

End of Questions

@ Pearson



Platinum Mark Scheme

Q1

Hence the identity 1s true

Question Scheme Marks Notes
4. (@) |LHS =5.C.C, +5.S, +C,C,*+5,5,C ML | Applies cos(x ) formula and
e oy = A expands the brackets.
= 5Oy + (1 — ) S+ Ol - SJ?} + 550 M1 Replaces cos®™ by | - sin’x
and sin®x by 1 — cosx
respectively
=8 4 Co+ CA S0y — Cu8)) + S50 — CoS)) M1 Expands, rearranges and
factorises appropnately
=8+ Cr {85 + o) (50 — Cay) M1 Factors out the ( Sy + Cx )
= (& + Cy) (1+ sin(x — v)) = RHS Al Applies sin(x - y) formula and
completes to RHS (no
conclusion needed this way)
(5) {5+ for a direct approach)
Alt 1 M1 Use of both expansions (NB
cos{x— y)=cosxcos y+sinxsin y and may be awarded for use of one
) ) . and complete expansion of
SIn(x— ¥) =sINXCOs ¥ — COsS XsIn y one side as per main)
SCC +85°5 +CC 48585 C M1 Full expansion both sides
x-asy D Ba My U maty L {may be seen separately)
=C.+S +5.C.C ~-C S +S5C -CS’
=88 +CC=C +8 -C8 —-C §* M1 Cancelling terms
x Ty Ty “x ¥ “x Yy "y
=5 2."?-'_ +CC .: =C (] -§2 J +S {l -C :) M1 Use of relevant trig. identities;
=CC*+85°'% Al all correct, with concluding
STy T Ty (S+) statement.
Hence the result is true
(5)
Alt 2 M1 Multiplying out both sides.
sin xcos(x — ¥) + cos ycos(x — y) = May be done as scparate
) ; ) . statements
cosXx+sm y+cosxsimf x— y)+smn ysin[ x - y)
— [5i11 xcos(x — y) — cos xsin( x— J’}] M1 {Equates sides and) attempts
. A _ to rearrange to useful form
+ [‘-“-‘GJ"DUG{I —y)—sm ysm{ x— 1}] = MI Collecting into useable
COSX + s y groupings
Then L = sin {x —(x— 1’})+ MU, +(x— 'V)} Use of sin(4 — B) and
’ i M1 cos(4d + B) formulae
= sin {})+ DU&.[T} =R Al All correctly shown and
(5+) conclusion

-




(b) | Re-arranging and setting x = 56, y = 36 Use of {a)'s result
sin 58+cos3@ _ 1+sin 26 M1
cos5@+sn30  cos2f
1+ 25¢ Use of double-angle formulae
=— = M1 Al
co =5
(c+ S}: c+s MI Factorisation & cancelling
- (c‘—s}(c+s] Cc-s
V_{_ y M1 Converting to tans
_£C c o_ 1+t &k .
== ;5 = Al Given Answer all correctly
% - A -t obtained
(6)
c 1+t i =
(c) k=]—:>k—ﬁ.'f=| b= k—1=k+1) A Rearranging to tan 8= ...
—_— E -
k-1 -
=tan#=—— or & = arctan—— Al
k+1 k+1
Explain 1-1-ness of mapping k — & Bl ) x—1
e.g by graph of y= or
x+1
its gradient = 0 always
- Bl For convineing reasoning that
O<k—-1<k+ |5°0{k l{l each k gives a & in the
* required interval
=0<tanf <1=0<<4irm
(4)

81: Award 51 for a clear solution that
EITHER

Scores 9+ in (a) and (b) with one part fully correct and

concise
OR

that scores 12+ in total and includes an 5+ point but may be

laboured in places.

82: Award 52 for a clear and concise solution throughout that scores

at least 12 marks and includes an S+ point.

2)

S+ opportunities:

for a direct proof or correct use of <= notation through proof in (a)
for noting that we require ¢ + s 20 (L.e. tand =z -l ork=0) at #

and/or that t = tan# = | (Le. k= 1) at **

for completely clear handling of the trig. identities throughout
for any innovative ways used throughout the question.

Total 15 + 2 marks




Q2

Lo

2. | cos’ x(sin 47 cos x+cos 47sin x) = cos’ x M1 Fac;‘;“ or cancel
CO5
cos® xsin(474x) = %cos: x M1 Use of sin(4 + B)
|:+:c:r5J x(2sin(47+x)—-1)= D:I 20 cosx=0and x=90, 270 MI1A1 | Al for both
sin(47+3) =1 :s0 47 +x=30, 150, 390 My | oo anyone for
x =103, 343 ALAl | Deduct only from
Ienore solutions out of range. exiras in range deduct Al each ypto A2 [7] last 2 A marks
Q3
2 i Cot and tan to sin
3. LHS = c:_)s 2x sin 78 M Corane
sin2x cosT8
cos(2x +78) =1 (sin 2xcos T8sec xsec78) M1 Use of cos(4 + B)
_ 1 i[9 ~ X Use of sin2x and
[cos(2x+78) =] 4 [zm ¥ oSy MW] M1 o cancelling
cos(2x+78)=sinx or cos(2x+78)=cos(90-x) Al
—an_ M1 Non-trig eqn in x
2x+78=30-x Allow 90 + x
x=4 Al
2x+TR=270+x x=192 Award Al for each
v+ TR =450 — ¢ =124 A3 c.ri these 3 solutions
found. Extras
2x+78=810-x x=244 inside the range -1
L.e allow upto 4
191 answers. [f more

than 4 then deduct
1 for each in range
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Teacher Notes

These Bronze, Silver and Gold worksheets are designed to be used either straight after the content
has been taught or as part of a skills gap analysis, especially as students move into year 13.

They are drawn from the latest specification questions and legacy questions. The papers are
between 25 and 35 marks.

The topic number on this worksheet relates to the corresponding chapter number in the ‘Pearson
Edexcel A Level Mathematics: Pure Mathematics Year 2’ textbook.

Non-Calculator Questions

The new specification allows calculators to be used in all papers. We have, however, put these
questions together with the intention that students can complete them without a calculator. It’s
important for pupils to be able to maintain their non-calculator skills, especially on topics such as
surds or indices, to support question that use the keywords “show that” or “prove”. If you wish to
ease the difficulty slightly then you can, of course, allow students to attempt them with the support
of a calculator.

Quick Links

(Press Ctrl, as you click with your mouse to follow these links)
e Bronze Questions

e Bronze Mark Scheme

e Silver Questions
e Silver Mark Scheme

e Gold Questions
e Gold Mark Scheme

The Platinum Questions below are taken from the Advanced Extension Award. You can use these in
class as high level problem solving questions, either with individual students or as group problem
solving exercises. On the Advanced Extension Award students, typically, need to get around 50% to
get a Merit and around 70% to get a distinction.

e Platinum Questions
e Platinum Mark Schemes

Extension and Enrichment

If you have students that have enjoyed the challenge of the Gold questions, then they should have a
go at the more challenging question from our Advanced Extension Award (AEA) papers. The
Mathematics AEA is a single, 3 hour non-calculator paper, taken at the end of year 13. It helps
students to develop high level problem solving and proof skills. It is entirely based on the content of
the A Level Mathematics Course. No extra material needs to be covered to take the AEA in
Mathematics. A second important difference is that marks are awarded for the clarity and quality of
their solution. Developing this key skill, alongside the extra problem-solving experience, can pay
dividends in the way they approach A Level Mathematics and Further Mathematics problems.

More information about the Advanced Extension Award can be found here on the Pearson Edexcel
Website, or here on the Maths Emporium

ALWAYS LEARNING PEARSON



https://qualifications.pearson.com/en/qualifications/edexcel-a-levels/advanced-extension-award-mathematics-2018.html
https://www.mathsemporium.com/category/advanced-extension-award-mathematics/

Bronze Questions

Non-calculator
The total mark for this section is 27
Q1
A curve C has parametric equations
x=2f-1, }-‘=4f—?—§, t=0
Show that the Cartesian equation of the curve C can be written in the form
2x*+ax+b

y=——" x=-1
x+1

Where a and b are integers to be found.

€))

(Total for Question 1 is 3 marks)

Q2
The curve C has parametric equations

x:3t—4,y:5—§, t>0
t

a) Find —y in terms of z.
( )
dx

(09
The point P lies on C where ¢ = %
(b) Find the equation of the tangent to C at the point P. Give your answer in the form
y =px + g, where p and ¢ are integers to be determined.
3)
(c) Show that the Cartesian equation for C can be written in the form
_ax+ b . x>-4
x+4
Where a and b are integers to be determined.
(©))

(Total for Question 2 is 8 marks)




Q3

R \\ |

\ '|

\ .
0 4 3 x

Figure 3
Figure 3 shows the curve C with parametric equations
. s
x=28cost, y =4 sm 21, 0=tr= =

The point P lies on C and has coordinates (4, 2V3).
(a) Find the value of ¢ at the point P.
(2)
The line / is a normal to C at P.
(b) Show that an equation for / is y = —x\'3 + 6V3.
()

The finite region R is enclosed by the curve C, the x-axis and the line x = 4, as shown shaded
in Figure 3.

(5=

64
(c) Show that the area of R is given by the integral % sin’t cos ¢ dt.
C))
(d) Use this integral to find the area of R, giving your answer in the form a + b\3, where
a and b are constants to be determined.
C))

(Total for Question 3 is 16 marks)

End of Questions



Bronze Mark Scheme

Q1
Question Scheme Marks AOs
: +1. x+1 6
Attempts to substitute = into y=>y= 4| —— |-7 + Ml | 21
2 2 (x+1)
Atftempts to write as a single fraction
_ (2x—35)(x+D+6 M1 21
(x+1)
2x% —3x+1
y= LT g—3b=1 Al | 11b
x+1
(3 marks)
Notes:
o x+1 . : 3
M1: Score for an attempt at substituting ¢ ZTM equivalent mto y= 4r—7 +?
M1: Award this for an attempt at a single fraction with a correct common denominator.
: x+1 L
Their 4 > —7 term may be simplified first
2x° —3x+1
Al: Correct answer only y = —f a=-3b=1
X+




Q2

Question
Number Scheme Notes Marks
x=3t—-4, ¥ =5—g >0
(a) E=3, d—y=6f'2
di df
dy dy
their 2 divided by their %X to give . in terms of ¢
ds di x Ml
L o i 2 ; dy
¥ L2 ,4‘."——_1 ul'lh:ird—}nnﬂtjpﬁedb}'thdiﬁtngive Y in terms of 1
& 3 3 | dt dx dx
-1
ﬁtT, simplified or un-simplified, in terms of ¢ See note. | Al isw
2
Award Special Case 1 M1 if both % and % are stated correctly and explicitly. 21
Note: You can recover the work for part (a) in part (b).
Writes d_y in the form 4 - and writes d_y asa
@ |,os 18 & 18 18 Gr+4) = o
Way 2 x+4 de (x+4) (30 _ __ function of 7.
Correct un-simplified or simplified answer, ]
- Al isw
in terms of 7 See note.
[2]
(b) {r— L} :::} P'[—E —?} x= > v=-T7or P(—E —?.] seen or implied. | B1
2 2’ 27 27 )
dy . ) ) . dy
—=— and either Some attempt to substitute { = (0.5 into their —
@ (3) &
< which contains ¢ in order to find m_ and either
- y_ "_?“—"H“(I_"_f.‘] ) i ) I ]
‘ applies y — (therr w,}=(themr m_)x - ther x,) | M1
o T =R %"J be or finds ¢ from(their y, ) = (their m Ktheirx )+ ¢
So. y =(their m }x +"c" and uses their numerical e iny — (their m )x + ¢
T: y=8x+413 y=8x+13 or y=1348x | Al cso
Note: their x,, their ¥, and their m, must be numerical values in order to award M1 [3]
x4 6 An attempt to eliminate f. See notes. | M1
(c) {E }} ¥=3 Y .
Way 1 L 3 J Achieves a correct equation in x and y only | Al oe.
= yo5— LR € 0 B .
x+4 x+4d
S, p= it 2, {x>—4} y= el (or implied equation) | Al cso
x+4 x+4
[3]
© . f o 1% s An attempt to eliminate /. See notes. | M1
Way 2 T 5 ¥ *= 5oy - Achieves a correct equation in x and y only | Al oe.
= xHNE- =18 = 5x-xp+20-4y=18
{_>Ex F2=wx 4)} Su, p= M, {x}—d} ¥ = At (or implied equation) | Al cso
+4 x+4
I3]
Note: Some or all of the work for part (c) can be recovered in part (a) or part (b) 8




Question

Number Scheme Notes Marks
A full method leading to the value M1
(© Jal-Aa+h  3al da-b Aa— b S of a being found
o ¥= = =a a= —
Way 3 H—a4+4 3 3 3 y=a—4a 2 and a=5 | Al
4a-b
=6 = b=4(5)-6(3)=2 Both =5 and =2 | Al
[3]
Question Notes
‘_, §]
a Note ;oL
@ Condone dy L\t for Al
dx 3
.d_ i
Note You can ignore subsequent working following on from a correct expression for l‘; 1n terms of ©.
[
1
b v Using a changed gradient (i.e. applyi - Of ——— Of (ﬂ i "f“) is MO.
(®) Note g ged gradient (e. applying v O er® wir )
Note Final Al: A correct solution is required from a correct d—'}
Note Final Al: You can ignore subsequent working following on from a correct solution.
(c) Note 1" M1: A full attempt to eliminate ¢ is defined as either
* rearranging one of the parametric equations to make f the subject and substituting for ¢
in the other parametric equation (only the RHS of the equation required for M mark)
* rearranging both parametric equations to make ¢ the subject and putting the results equal
to each other.
Note Award M1A1 for s 6 = x-;—4 or equivalent.
-V




Q3

%‘:::E:: Scheme Marks
(@) | AtP(4.243) either 4=8cost or 243 =4sin2¢ M1
=only solution 1s t=Z where 0. ¢ £ Al
(b) | x=8cost, ¥y =4sin2¢
—-——83111?' E—Brcos-,"'r M1 Al
dr Tode T .
dy 8cos()
AtP, —————=—
dx —8sin(f) Ml
| 8(—-%) 1 .
= =—==awrt 0.3
L)) B J
Hence m(N) = —f3 or _—1 M1
F
N y—28=—4B(x—4) M1
N: y==x+683 (® Al cso (6)
4 i
(¢) | A=[ydr=[4sin2r(-8sint) dt M1 Al
,:[=.[—32si112r_sin.rdr = .|-—32|j:2':im'cosr].sinrdr M1
A= [—64.5in3 tcost dr
A= ‘|-64.sinlrcosr dr (*) Al (B
@] 4=64|2L0 or 4-ea|L MI Al
3 _IL ‘J’_.-g
1 (18533
{— 64 __|__£_££‘_ M1
3 13727272 ]
S N ¥ Al &)
3 8 / 3
(16 marks)




X

Silver Questions g

Non-calculator

The total mark for this section is 28

Q1
L
<
o
o x
S
Figure 2

The curve Ci with parametric equations
x = 10cost. vy = 4~[2sint, 0 SIi<2n

Meets the circle C> with equation

At four distinct points as shown in Figure 2.

Given that one of these points, S, lies in the 4" quadrant, find the Cartesian coordinates of S.

(6)

(Total for Question 1 is 6 marks)




Q2

Y

(0] X

Figure 2
Figure 2 shows a sketch of the curve with parametric equations

x=2cos2t, y=6sinf, O0<t<

Iul-L-fI

(a) Find the gradient of the curve at the point where ¢ = % .

“)
(b) Find a Cartesian equation of the curve in the form
p=fx), “k< <k
Stating the value of the constant k.
“)
(c) Write down the range of f(x).
@)

(Total for Question 2 is 10 marks)




Q3

Ya :
Diagram not
C| drawn to scale
IIII
P(k, 8)
R
o k x
Figure 4

Figure 4 shows a sketch of part of the curve C with parametric equations
x=30sinf, y=sec’0, OSQS%

The point P(k, 8) lies on C, where £ is a constant.
(a) Find the exact value of k.

The finite region R, shown shaded in Figure 4, is bounded by the curve C, the y-axis, the
x-axis and the line with equation x = k.

(b) Show that the area of R can be expressed in the form

)
,:_J (0sec® @ + tan Osec 0 )do

il

Where 4, a and f are constants to be determined.

(c) Hence use integration to find the exact value of the area of R.

2

“)

(6)

(Total for Question 3 is 12 marks)

End of Questions



Silver Mark Scheme

Q1
Part | Working or answer an examiner might | Mark | Notes
expect to see
(10 cos £ + (442 sin 7 = 66 M1 | This mark is grven for combining the two
equations to show where the curve and
circle meet
100 (cos £ + 32(1 —cos £)* =66 M1 | This mark 1s given for forming an
equation in cos ¢ only
68 cos? =34 Al This mark 1s given for simplifying to find
an equation in terms of cos ¢
cost=t— = ¢==Z M1 | This mark is grven for finding a value
4 for ¢
x=10x L M1 | This mark is grven for a method to
V2 substitute back into the original equations
) . ) 1 to find value for x and y
y=M2x—sin 2 = 4T x——
4 V2
§=(52. -4 Al | This mark is given for the correct

coordinates of §

(Total 6 marks)




Q2

ﬁﬁ:\:: Scheme Marks
Q (a) %=—45er —I=6cusr B1, B1
dy Geost [ 3 ]
—_— =—— M
dx 4sin 2t 4sinr
b 3 \'3‘ .
At t=—, M= ——— = ——— accept equivalents, awrt —0.87 Al i4)
3 4 2
(k) Use of cos2t=1-2sin’t M1
cos2t=2, sinr=2
2 &
i=1_3[l] M1
2 6
Leading to v=1(18-9x) (z 34(2 —x}] cao Al
-22x52 k=2 B1 (4)
(c) 0<f(x)<6 either 0<f(x) or f(x)<6 B1
Fully correct. Accept 05y <6, [0. 6] B1 (2)
[10]
Alternatives to (a) where the parameter is eliminated
@ y=(18-9x)
dy 1 4
E=E{13—9r]—x{—9] B1
Y
Atr=£.x=cus£=—1 B1
3 3
dy 1 1 V3
&2y T 2 padll -
@ ¥ =18-9x
dy
2y—==0 B1
e
Att=—, y=6smn—=3+3 B1
ﬂ=— < =—L3 M1 AT (4)
dx 2x343 2




Q3

Question
Number Scheme Notes Marks
x 30sing, y s’ 00 «E
(a) {Wheny=8,}8=9ecjﬁ:>cu53§=%:>cusﬁ=%::>ﬁ‘=% Sets y =8 to find &
T x and attempts fo substifute their & | M1
k(orx)= 3[;]““[?] into x = 3sind)
3 3
Sﬂ'k{m’x]=ﬁ \_”m ;-: Al
2 2 23
Note: Obtaining two value for & without accepting the correct valuoe 1s final A0 [2]
3&sin & 3siné + 3Pcosd
® | % _3sin6+36c0s8 SRY 7 JSME VST gy
dg Can be implied by later working
: : il Y
dr Applies { | Ksee’ )| thei
!J-ym{tlﬂ}>—-‘-{scc-.'ﬂ}[ﬁisinﬂ—'.Wc-nsﬂ]{d-."f} oplies {1 Ko et o) | Mt
' ! Ignore integral sign and df/; K # 0
Achieves the correct result no errors in their working, e g.
:;Ifjsocz £ + tan Pscc’ # 4dp bracketing or manipulation errors. | Al *
Must have integral sign and d& in their final answer.
T
¥x=0and x=k = =0 and ﬁ'=; a=0 and £=§ or evidence of 0 —0 mdk—»% Bl
vote: The work for the final B1 mark must be seen in part (b) only. [4]
Osoc’ 6 > AOp(0)- B g(6).4>0, B>,
where g(fNis a trigonometric function in {7 and | M1
thair [ see” 0dg. [Note: g(#) # sec” (]
'{c)- J-Hsm_'-lfhw Mant! -I-lmﬁ!dﬂ:l @) '[ L(J}
Wayl (g dependent on the previons M mark
Either 20scc’0 > 40tnd B[ tn6, 450,80 | o\py
or fsec’ -y Mand lemﬂ
= ttan - In(sccth) fsec” ) —» Plan /- In(secd!) or #land +In{cos &) or
or = anf+Incost) | ;psec’ 0 A0tand - Aln(secd) or Aand+ Aln(cosd?) | Al
Note: Condone @sec” ) — #tané? In{secx) or #lané+ Infeosx) for Al
tanfsec’ @ or Atandsec’ @ = + Ctan’ @ or L Csec” 0
Imrfsm* i L. M1
or + (", where u=cos{/
1 N 1 3 : 1 . 1 N 1 . 1 3
= —tan" & or —sec”l tanfsoc” & > —lan” & or —sec™ @ or — or tan” &~ —sec” @)
2 2 2 2 Z2eos™ O 2
or ! where 1w = cos ¥ of (154 °, where & = cosf or () 52", where u = tanf Al
2u* 2 A, A, i
1 or Atanfsec’f — —tan” & or —sec” @ or 5
of —g' where u = lanf! 2 2 2eos” &
2 or 0.54n *, where #=cosfor 0.5in", where & = lan&}
{ Arca(y)} anmﬂ 31:(3:;9};;:;1119! or | 30und - nfsecd 4 ;mla‘;
L )
& 3. s 3 E)
- 3_Ji—31n2+_3]—o or [ LAY 3 _[_J
[ (31 7® (0) }[3)4’5 3m1+2{4)J :
C AP SN B (1 _ 9 (1 oy Al
5 Fyia—3In2 or 5 V3 3]nk2J or E+\l{3_3’i'—|-ﬂ3 or |nL3|.:' ] oE
[6]
12




Question

Number Scheme Notes Marks
(c) Way 2 for the first 5 marks: Applying integration by parts on j(ﬁ 1 lansoc” Hdo
Way 2 i 1 )
g 0+ tmf > = 1+ sec™ @ }
I{Hsuu: 6+ tan Osec” O)de) I{u T lan #sec” #do, 1 4o
av -
— = f] > tand? — gt
[y w0 v o 0
h(#/) and g(ff)are trigonometric functions in Fand g(ff) - ther .I'su;l fdg. [Note: g} = sec” 0]
A0 + tanO)yp(0) - B[(1+ W@)g(0), 4> 0, B>0 | M1
dependent on the previous M mark
2 Either .. : soc”
(2 + ) and j{l  sec” Oytam 0|40} e L(ﬂ HtanB)seo UJ >
A0+ tan@)tand - B(1+ W(@)tang, A+ 0, B>0 | dMI
or (f#+ lanfytand? I{I + h{&am 7
(& + lanHtam 7 _[{tan £ + tanfFsec” O dy}
P (& + antHand ~In(sec) o e
{¢ + tanfHtand  In{secl) It:ln fscc™ 0 dir N Al
- ot .-‘.’—(ﬂ + tan &) tan In(socﬂ]—l 0e
1 tanéfsec’ @ — 1+ Clan™@ or + Csec™ @ | M1
= (' + tan M tan - In(sec M tan* 1,
2 (& + tantan & - tan i
'l £
of = {4 tan M tan - In(secc ) — —sec” i etc. | Al
7 ot ({ + tan{ftan - see t
Note Allow the first two marks in part (c) for ftan? Itan f} embedded in their working
Note | Allow the first three marks in part (c) for /tan - In(sec ') embedded in their working
; 1, , 1,
Note | Allow 3™ M1 2™ A1 marks for either tan” 5 lan“ ¢ or tan" & 5 see”
embedded in their working ' '
Question Notes
3
(a) Note | Allow M1 for an answer of & = awrl 2.72 without reference to - > Z o z
] 2.3
. o . \'Efr im
Note Allow M1 for an answer of } — l(a:m-.(_iﬂ 51n|kamun5{; )J without reference to ~—— ;
' 2,03
Note | E.g. allow M1 for #= 60°, leading to & = }60)}sin{&0) or & = 90 3




Question Notes Continued

(b) Note | Togain Al, (7 does not need to appear until they obtain 'ij (fsec® 6 + lanfsee® ()l
Note | For M1, therr TS where their 7 # 3¢sin ), needs to be a tigonometric function in (7
L [
Note | Writing J-fs;x" OH3sm &+ 30cos 7} '.ij{ fsee™ @ +lan@sec” )4 is sufficient for BIM1A1
. dx . . dx ) N 3
Note | Writing i 3sind + 38cos @ followed by writing J-_v T dff = _iJ-(r}';oc &+ lan Hsec” Hdi?
L
1s sufficient for BIM1A1
1
Note | The final A mark would be lost for J- .ﬂiis.in.‘if' + 3cost! = 'jJ-wm‘ﬂ b tan Psec’ ¢1d o
cos”

[lack of brackets in this particular case].

Note Give 22 B0 for ¢ — 0 amd = 60°, without reference to fi= J;
(c) Note | A decimal answer of 7.861956551 . (without a correct exact aﬁswer) 15 AD.
Note | First three marks are for integrating #sec’ & with respect to &
Note | Fourth and fifth marks are for integrating tan #sec® # with respect to &
Note | Candidates are not penalised for writing ]n|5cc f as either In(scc@)or Inscc @
Note fsec” & — tand + In(see) WITH NO INTERMEDIATE WORKING is MOMOAO
Note flsec” O — fan & — In(cos ) WITH NO INTERMEDIATE WORKING is MOMOAO
Note fisec” & — land — In(sec ) WITH NO INTERMEDIATE WORKING is MIMIA1
Note fIsec” 0 — fan 64+ In(eos ) WITH NO INTERMEDIATE WORKING is MIM1A1
1z 1 o :
Note | Wrting a correct o jv{ ! with o = {/, & land/, ! _land v= their 2{&) and making
i dd dd
one error in the direct application of this formula is 1% M1 only.
(c) | Alternative method for finding | tan #sce’ #de

= lan » {1 e

dv
di?

200 3 v- tand

da

Jlanﬂswzﬂdﬂ tan’ & .I-ta:uﬁsnx:!ﬂdﬂ
> ZItanﬂswlﬂdé' tan”

1
lemiisoc‘ gdo) = ) lan*

tan@sec’ @ or —» + Clan’f | Ml

1
tan{sec’ >?1an‘|5‘ Al

[ sl > secftan
ox

v
1“ sec ftan > v =sech
dit

du
aa

)Ikmﬂswlﬂdﬂ sec’ B J-su:zﬂtimﬂdﬂ
» Zj-tanﬂswlﬂdﬂ' sect O

1
[rantsec 0d0 = sec0

tanfsec’ 8 or — + Csec’H | Ml

1
tan Fsec® £ >?5cc‘|5‘ Al




Gold Questions

Non-calculator

The total mark for this section is 30

Q1

=y

Figure 3

Figure 3 shows a sketch of the curve C with parametric equations

x:4cos(t+%j, y=2sint, 0<t<2xn

(a) Show that

xX+y= 3 cost
(©))
(b) Show that a Cartesian equation of C' is
(x+1P+al=b
Where a and b are integers to be determined.
(09)

(Total for Question 1 is 5 marks)




Q2

A curve C has parametric equations

x=3+2sint, y=4+2cos2t, 0<¢<2m

(a) Show that all points on C satisfy y = 6 — (x — 3)?

(2)
(b) (1) Sketch the curve C.
(i) Explain briefly why C does not include all points of y=6 — (x —3)%, xell .
(&)
The line with equation x + y = k, where k is a constant, intersects C at two distinct points.
(c) State the range of values of k, writing your answer in set notation.
)

(Total for Question 2 is 10 marks)




Q3

ya

w¥

1 0 B o

Figure 2

Figure 2 shows a sketch of part of the curve C with parametric equations
x=1- lt =2'-1
2" 7

The curve crosses the y-axis at the point 4 and crosses the x-axis at the point B.
(a) Show that 4 has coordinates (0, 3).

(2)
(b) Find the x coordinate of the point B.

(2)
(c) Find an equation of the normal to C at the point 4.

S)

The region R, as shown shaded in Figure 2, is bounded by the curve C, the line x = —1 and the
X-axis.

(d) Use integration to find the exact area of R.

(6)
(Total for Question 3 is 15 marks)

End of Questions



Gold Mark Scheme

Q1
i Scheme Marks
b3 .
I=4ﬂ.‘0'§[!‘ +E} ,  ¥=2sn¢
Main Scheme
(a) x=4[msrms{£}—sinmn[in ms{r+£]—rms:ms[£]isin:sin[fJ M1 oe
6 6 6 6 6
A ol p— - - - Adds their expanded
So, {x + ¥} —4(msrcm[ ﬁ} smfsm[;]]-h 2sint Gk of ) fo 2sint dM1
=4 ﬁ cusr—[l]si.nr + 2sint
2 2
=2\3cost * Correct proof | Al *
[31
(a) Alternative Method 1
xy o ST P e L
x=4[msrms[—]~5mrsm(—-]] ms{r+ w]ﬁmsrms[—Ji smrsm[_] M1 oe
[ 4] 6 & 6
= 4[{?]0&5! —[%]sinr}: 2+/3cost — 2smnt
So, x=zﬁcasr—y Forms an equation in x, v and r. | dM1
1‘+}':2g"§c05r ¥ Correct proof | A1 *
31
Main Scheme
®) X+y -+[i]:=1 Applies cos’t +sin’r =1 to achieve an i
2 JE 2 equation contamng only x’s and y's.
L s s B A
12 +
= (x+)) + 3y'=12 (x+)) + 3*=12 | A1
fa=3,b=12} 12
(b) Alternative Method 1
(x + ¥ =12cos"t =12(1—sn® ) =12 — 12sin? ¢
So, (x + y)* =12 — 3y? Applies cns'r+s.m't =1to achevean M1
g ! equation contammng only x's and s,
= (x+¥F+3y°=12 (x+y) +3y°=12 | Al
[2]
(b) Alternative Methaod 2
(x+3) =12cos’t
As 12cos’ t +12sin’t =12
then (x+ ) + 3y'=12 M1, Al
[21
5




Question  Notes

T T AT 3 \G 1-Y.
(a) Ml | cos|r+ — |—costcos, — | = sinfsin| — or cos|ft+=|—= | —=—|eosrx|=[sint
6 & 6 6 2 2
Note | If a candidate states cos{ 4 + B) =cosAcosB + sm 4sin B | but there 15 an error in its application
then give M1
Awarding the dM1 mark which is dependent on the first method mark
Main dM1 | Adds their expanded x (which is in terms of 7) to 2sin ¢
Note | Writing ¥ + y = . is not needed in the Main Scheme method.
Alt 1l dM1 | Forims an equation in x, v and 7.
Al* | Evidence of ms(%] and siu(%] evaluated and the proof is correct with no errors.
Nate | {x+y}= 4ms[: + %] + 2sint, by itself is MOMOAO.
(b) M1 | Applies cos’t + sin’f =1 to achieve an equation contamning only x’s and y’s.
Al | leading (x +3) + 3y'=12
SC | Award Special Case B1B0 for a candidate who wrnites down either
» (x+¥) + 33" =12 from no working
* g=3 b=12, but does not provide a correct proof
Note | Alternative method 2 15 fine for M1 Al
Nate | Writing (x + y)°=12cos" ¢ followed by 12cos’t + a(4sin°f) =b = a=3,b=12 is 5C: BI1B0
Note | Wnting (x + y)*=12cos’ ¢ followed by 12cos’t + a(4sm’ 1) = b

« states g=3 b=12
o and refers to either cos”t + sin’f =1 or 12¢cos’t + 1250 1 =12

* and there 15 no mcormrect working
would get M1A1




Q2

Question Scheme Marks AOs
(a} - y— {4 — 32
Attempts to use r:u::rslr=1—2sin"r‘:.‘»%:].—z'l1 33 ] M1 21
x-3) s
PR . ; )y —6—(x-3) * Al L1b
(2)
()
M1 1.1b
V- M
shaped
(ia) parabola
S Fully Al 11b
e . correct
[ (5.2} with
: 'ends’ at
(1.2) &
o X -
(5.2)
B1 2.4
Suitable reason - Eg states as x =3+ 2sinf, 1< x =<5
(3)
(c) Either finds the lower value for k=7
B1 2.2a
or deduces that & < %
Finds where x+ v =k meets y=6—(x—3)°
] _ M1 3.1a
= k—x=6—(x—3)" and proceeds to 3TQ mn x or y
Correct 3TQ in x ¥ —Tx+(k+3)=0
Al 1.1b
Ory ¥V H(T-2k) v+ (k> —6k+3)=0
; . (37
Uses b’ —dac=0= 49-4x1x(k+3)=0=k=| T]
or M1 |21
p 2 '] "3_."‘ Y
(7-2k) —4><1><(k-—6k+3)=0:>k=|T1
Range of values for k= {i’r T=k< %} Al 25
(5)
(10 marks)

@ Pearson



(a)
M1: Uses cos2f =1—2sin’ # in an attempt to eliminate ¢

Al*: Proceedsto y=6- {x -3 ]2 without any errors
. 2 . . . .
Allow a proof where they start with y =6 —( x—3)" and substitute the parametric coordinates. M1 is scored

- bl . -
for a comrect cos 2f =1—2sin" £ but Al 1s only scored when both sides are seen to be the same AND a
conument is made, hence proven, or simlar .

(b)

M1: For sketching a (" parabola with a maximum in quadrant one. It does not need to be symmetrical
Al: For sketching a () parabola with a maximum in quadrant one and with end coordinates of (1. 2:] and
(5.2)

B1: Any suitable explanation as to why C does not include all points of y=6—(x—3)*. xR

This should include a reference to the limits on sin or cos with a link to a restriction on x or y.
For example

‘As —l=sinr=1 then 1< x< 5" Condone in words “x lies between 1 and 5° and strict inequalities
‘Ag sinf =1 then x<5° Condone in words “x is less than 57

*As —1=2cos(26) =1 then 2< v<6 " Condone in words “y lies between 2 and 67

Withhold if the statement 1s incorrect Eg "because the domainis 2< x< 5"

Do not allow a statement on the top linut of ¥ as this 1s the same for both curves

(c)
B1: Deduces erther

e the correct that the lower value of & =7 This can be found by substituting into (35,2)
x+y=k=rk=Torsubstituting x=5 into X =Tx+ (E+3)=0=25-35+k+3=0
=k=7

* or deduces that k < ? This may be awarded from later work

M1: For an attempt at the upper value for k.

Finds where x+ y =k meets ¥ =6—(x—3)" once by using an appropriate method.
Eg. Sets k—x=6—(x—3)" and proceeds to 2 3TQ

Al: Correct 3TQ X —Tx+ (k+3)=0 The = 0 may be implied by subsequent work

M1: Uses the "discriminant” condition. Accept use of 5° = 4ac oe or b”.. 4ac where .. is any inequality

leading to a critical value for k. Eg one root = 49 —4x1=x{(k+3)=0=F% :¥
Al: Range of values for k= {rk T=k< %} Accept ke {?,%X‘ or exact equivalent
ALT As above Bl 2.2a
Finds where x+ v =k meets ¥=6—(x—3)" once by using an
appropnate method. Eg. Sets gradient of v =6—{(x— 3): M1 3.1a
equal to —1
—2x+6=—1=x=35 Al 1.1b
Finds point of intersection and uses this to find upper value of .
y=6—(3.5-3)" =5.75 Hence using k=3.5+575=925 M1 2.1
Range of values for k= {fr:?'fg k= 9_25} Al 25




Q3

Snesion Scheme Marks
Number
Working parametrically:
x:lh—;—L y=2"-1or y=e™ -1
(a) {x=0 =>}0=1m—};r:>r=2 Applies x =0 to obtain a value for r. | M1
Whent=2, y=2"-1=3 Correct value fory. | Al
i 2]
. Applies y =0 to obtain a value for 7.
y=0=;0=2"-1=1t=0 2 : M1
®) b } (Must be seen in part (b)).
When t =0, x:l—%(O):l x=1 | Al
[2]
dx 1 5 dv ¢ d‘r' th?
] _=2 2 e — = 2
(c) ar 5 and either = In2 or 5 e ‘In2 B1
Q: Zag _dy . dx
dx I Attempts their Td? divided by their o M1
2
i -1
At t="2" so m(T)=—8l2 = m(N) = 811112 Applies 1 ="2" and m(N) = - | M
e N r = | . M1 Al oe
y—3= Shis (x-0) or y=3+ S x or equivalent. See notes. e
[51
T 1 Complete substitution
@ Ama(R)-j{z —1}—[—5}* forboth y anddr | M!
x=-1—>t=4 and x=1—->1=0 B1
Either 2° — 2
In2
f)r
i ot or (2{ —1) —)—-—'—-—('— ) —1 Mi1*
)
2)\In2 i 4
or (2 -1)>+a(n2)2) -1
l)i'
(2 -1)> —-1|A1
In2
1T o 1 1 16 Depends on the previous method mark.
—;I:ﬁ;—!jl = _?[[E]_{E_4]J Substitutes their changed limits in 7 and | dM1*
TR 4 = I subtracts either way round.
15 15 ;
e 2 — — 2 orequivalent. | A1l
[6]
15




Platinum Questions g
Non-calculator
The total mark for this section is 13
Q1
The curve C has parametric equations
X =cos’ ¢t
y=cos tsin ¢,
where 0 <t < 1.

(a) Show that C is a circle and find its centre and its radius.

S))
y
P_— ,‘\
R
II
0 . .'I x
Figure 1

Figure 1 shows a sketch of C. The point P, with coordinates (cos? @, cos a sin a), 0 < a < %,

lies on C. The rectangle R has one side on the x-axis, one side on the y-axis and OP as a
diagonal, where O is the origin.

(b) Show that the area of R is sin « cos® a.
(0))
(¢) Find the maximum area of R, as a varies.

(7)
(Total for Question 1 is 13 marks)

End of Questions



Platinum Mark Scheme

Q1

T el NP A B

At B 1 B

1 ILA

1WA Ly

()

(b)

()

2y = 2sint cost = sindt
2x=2cos’t =2x—1=2cos’r—1=cos2s
(2x—1)" +(22) =1

b 2
&

(=1} +|'L'2 =[%]& so centre (1.0), r=1
Area of R= cos® @ xsin ¢t cos @ = cos” esin &

dd 3 12
— =—cos@cos” & —3cos” gsin” &
dex
d_;l 2 a .2 '-
d—=U:>cos‘a[cos‘a—3s1n‘a|=D
e \ !

) ) 1 i
cos“a=0=|a=Z| or tan" d=—=x=— (or 307
[ 41 3 6 (or )

T

A"=2sin crcosax(3— 8cos” o) and show =0 for o = T

or argument based on &= § gives min so this is max

Maximum area is % _(oe)

M1

M1
M1

AlAlL
(3)
BI(1)
MIAL
MI
Al
Al

M1

Bl

(7
(13)

Use of sin2f

Use of cos2i
Successfully eliminating ¢
and eqn. for circle

Al for centre
Al for radius

Some evidence of xy leading
to given result

M1 for use of product rule

M1 for setting derivative =0
and attempting to solve

Al for “trigt = Al foro=_

Can ignore o= 7 but

consider for 3+

Some check that this value of
o gives a max

Single fraction with rational

denom
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Teacher Notes

These Bronze, Silver and Gold worksheets are designed to be used either straight after the content
has been taught or as part of a skills gap analysis, especially as students move into year 13.

They are drawn from the latest specification questions and legacy questions. The papers are
between 25 and 35 marks.

The topic number on this worksheet relates to the corresponding chapter number in the ‘Pearson
Edexcel A Level Mathematics: Pure Mathematics Year 2’ textbook.

Non-Calculator Questions

The new specification allows calculators to be used in all papers. We have, however, put these
questions together with the intention that students can complete them without a calculator. It’s
important for pupils to be able to maintain their non-calculator skills, especially on topics such as
surds or indices, to support question that use the keywords “show that” or “prove”. If you wish to
ease the difficulty slightly then you can, of course, allow students to attempt them with the support
of a calculator.

Quick Links

(Press Ctrl, as you click with your mouse to follow these links)
e Bronze Questions

e Bronze Mark Scheme

e Silver Questions
e Silver Mark Scheme

e Gold Questions
e Gold Mark Scheme

The Platinum Questions below are taken from the Advanced Extension Award. You can use these in
class as high-level problem-solving questions, either with individual students or as group problem
solving exercises. On the Advanced Extension Award students, typically, need to get around 50% to
get a Merit and around 70% to get a distinction.

e Platinum Questions
e Platinum Mark Schemes

Extension and Enrichment

If you have students that have enjoyed the challenge of the Gold questions, then they should have a
go at the more challenging question from our Advanced Extension Award (AEA) papers. The
Mathematics AEA is a single, 3 hour non-calculator paper, taken at the end of year 13. It helps
students to develop high level problem solving and proof skills. It is entirely based on the content of
the A Level Mathematics Course. No extra material needs to be covered to take the AEA in
Mathematics. A second important difference is that marks are awarded for the clarity and quality of
their solution. Developing this key skill, alongside the extra problem-solving experience, can pay
dividends in the way they approach A Level Mathematics and Further Mathematics problems.

More information about the Advanced Extension Award can be found here on the Pearson Edexcel
Website, or here on the Maths Emporium

ALWAYS LEARNING PEARSON



https://qualifications.pearson.com/en/qualifications/edexcel-a-levels/advanced-extension-award-mathematics-2018.html
https://www.mathsemporium.com/category/advanced-extension-award-mathematics/

Bronze Questions g

Non-calculator
The total mark for this section is 35
Q1

The curve C has equation
y=3x"-8x"-3

(a) Find
-~ dy
1) ==
(1) r»
4y
e
3
(b) Verify that C has a stationary point when x = 2
2
(c) Determine the nature of this stationary point, giving a reason for your answer.
2

(Total for Question 1 is 7 marks)

Q2

Given y = x(2x + 1)*, show that
dy
— =(2x+1)"(4Ax+ B
. ( ) )

where n, A and B are constants to be found.

“)

(Total for Question 2 is 4 marks)




Q3

A curve C has the equation y* — 3y =x> + 8.
(a) Find % in terms of x and y.

C))
€))

(b) Hence find the gradient of C at the point where y = 3.

(Total for Question 3 is 7 marks)

Q4

Find the gradient of the curve with equation

Iny=2xlnx, x>0,y>0

at the point on the curve where x = 2. Give your answer as an exact value.
(7
(Total for Question 4 is 7 marks)

Q5

(1) Find, using calculus, the x coordinate of the turning point of the curve with equation

1x T
y=e¢ cosdx, —<x<

b | N

Write your answer in the form

x=marctan(b)

Where m and b are constants to be determined.

(6))
(if) Giventhat x =sin’*2y, 0<y< % , find % as a function of y.
Write your answer in the form
b @), 0<y<>
— = p cosec(gy), P —
e ! gy, ] 2
where p and g are constants to be determined.
)

(Total for Question 5 is 10 marks)

End of Questions
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Bronze Mark Scheme

Q1
Question Scheme Marks AOs
@ o oo —oax el B
dx Al 1.1b
2
@) T _36x - 48 Alft | 11b
dx
(3)
®) Substitutes x =2 into their %:12 %2 —24x2* M1 1.1b
Shows % =0 and states "hence there is a stationary point" Al 21
(2)
(c) :
Substitutes x =2 into their le—y=36x22—48x2 M1 | L1b
dzy . e e : ieve "
- =48 > 0 and states "hence the stationary point 1s a minimum Alft | 2.2a
(2)
(7 marks)
Notes:
(a)()

M1: Dafferentiates to a cubic form

Al: d_y =12x" —24x"
dx

(a)(ii)

dy

. d’ .
Alft: Achieves a correct A for their E =36x" —48x

e

(b)

M1: Substitutes x =2 into their %

Al:  Shows % = 0 and states "hence there 15 a stationary point" All aspects of the proof

must be correct

(c)

M1: Substifutes x = 2 into their jx_:r

2

Alternatively calculates the gradient of C erther side of x=2
Alft: Fora correct calculation, a valid reason and a correct conclusion.

Follow through on an incorrect o

dy

2




Q2

Question Scheme Marks AOs
Attempts the product and chain rule on y = x(2x+1)* M1 2.1
% =(2x+1)* +8x(2x +1) Al | 11b
Takes out a commeon factor %:(2x+1}3{{2x+1)+8x} Ml 1.1b
%:{2x+1)3(10x+1):>n:3,A:lD,B:l Al L1b
(4 marks)
Notes:
Mil: Applies the product rule to reach % =(2x+1* + Bx(2x+1)°
Al: %=(2x+1)"+8x(2x+1)3
M1: Takes out a common factor of (2x+1)°
Al:  The form of this answer 1s given. Look for (2x+10(10x+)=n=3.4=10.B=1
Q3
Question
Number s
(@) | ¢ ¥ -3y =x"+8
Dufferentiates imphicitly to include esther
M dy _dy ., oL PR [E-J M
{EK 2)’E_sa=sx _*ydxur_ dr'([m dx ')
Correct equation. | A1
A correct (condoning sign error) attempt to
(2y-3)2 =322 i i Bickine e~ 2y 2 < 3% +_| iy
dx dr dx
& 38 3!
de 2y-3 2y-3 o e
(4)
(b)| ¥y=3= 9-3(3)=x"+8 Substitutes y =3 into C. | M1
Pu—f = 1a-2 Only x=-2 [ A1
E—‘i from correct working
P :
(_2,3)1.%_% - %_4 Also can be ft using their x’ value and y =3 inthe | gq
E x
correct L
part () of (=
(3)
l{b)mil.il\'—. Note if the candidate inserts their x value and y =3 into %=23_x]3
y—
thmanmmof%-meirrz, muay mdicate a correct follow through
[7]




Q4

CQuestion
Number Scheme Marks
ldy _
ydx_ Bl
=2]nr+2r[i] M1 Al
s
At x=2, Iny=2(2)In2 M1
leading to y=16 Accept y=e"=| || Al
1 dy
At (2,16 ——=2ln2+2
(2.16) i 2 M1
dy
—=16(2+2In2
L ) Al ™M
[7]
Alternative
y =gt Bl
i{lenx]:2]1::_'c+13r[—] M1 Al
dx X
dy {]]] Ixlnx
—=|2lnx+2x|— M1 Al
= ( x+2x = [
dy a2
At x=2, ——=(2In2+2)e Ml
dl.
=16(2+2In2) Al (7




Q5

Question Scheme Marks
vy
(i) y=e't cusil-x::-[%J:cosah'x 3+’ x—4sindx Mi1Al
Sets cosdxx3e’” +e'* x—4sindx=0=>3cos4x—4sindx=0 Ml
1 3
3
G) | x=sin’ 2y =S =2sin2yx2cos2y MIA1
'1I
Uses sin4y =2sin2ycos2y m their expression Ml
dv : dy 1 1
— Y : —— e — — 5
R S TR T Y ik sl BiEa3
&)
(10 marks)
(ii) AltI | x=sin’ 2_1'=>_1'=%-%c054}' 2nd M1
E=25in4j‘ Ist M1 Al
dy
d 1 1 .
& Zsmdy 2000 MiAl
&)
@ar | 3 .13 o b
b x¥ =sin2y=>=x 7 =2c0s2y— MIAl
1
Uses x? =sin2y AND sin4y =2sin 2y cos 2y in their expression Ml
dy 1 1
— e 4 ¥
&~ Tsmdy zcnsec 3 M1A1
(6]
m) Ale | L 1 , 1
(n;}u x? =smly= 2y =1mvsin x? =~2% = ,1_1 x*%x : MIAl
1
Uses x* =sin2y, V1=x =cos2y and smndy =2sin2ycos2y i their M1
expression
de 1 1 :
e Ty T 2:05&:4_1 MIA1
3)

®

M1  Uses the product rule i +vu' to achieve (—] = e’ cosdxt Be sindx A Bz0

Al

dy
dx
The product rule if stated must be correct

Correct (unsimplified) % =cosdxx3e’™ +e'* x—4sindx

@ Pearson




M1  Sets/implies their % = 0 factorises/cancels)by & to form a trig equation in just sin4x and cos4x

sindx

M1  Uses the identity =tan4x . moves from tan4x =C. C # 0 using correct order of operations to

cosdx
x=.. Accept x=awrt 0.16(radians) x =awrt 9.22 (degrees) for tlus mark.
If a candidate elects to pursue a more difficult method using Rcos(# + &), for example, the

minimum expectation will be that they get (1) the identity correct, and (2) the values of R and a
correct to 2dp. So for the correct equation you would only accept 5 cos{4x+awrt 0.93) or

Ssin(4x —awrt 0.64) before using the correct order of operations to x=_..
Simularly candidates who square 3cos4x—4sm4x =0 then use a Pythagorean identity should

3 4
proceed from either sindx= 3 or cosdx= 3 before using the correct order of operations ...

Al = x=awrt 0.9463 .

Ignore any answers outside the domaimn. Withhold mark for additional answers mside the domain
(11)
M1  Uses chaimn rule (or product rule) to achieve £Psin 2 y cos 2 y as a derivative.

There 1s no need for lhs to be seen/ correct

If the product rule 1s used look for % =tA4Asm2ycos2ytBsin2ycos2y.
Al  Both lhs and rhs correct (unsimplified) . j—; =2smn2yx2cos2y=(4sin2ycos2y)or

1=2sin2v=2cos EIVE
dx

M1l  Uses sindy=2sm2ycos2y in their expression
You may just see a statement such as 4sin2ycos2y = 2sin 4 v which 1s fine.

Candidates who write % = Asin 2xcos 2x can score thas for % = g sindx

dy dx

Ml  Uses & _ / _ for their expression in y. Concentrate on the trig identity rather than the
dv

coefficient in awarding this. Eg :12 =2smdy= % =2cosec4y 1s condoned for the M1
y x

dx _ 11
If $—a+b do not allow dr_a+b

Al % = éccsecély If a candidate then proceeds to write down mncorrect values of p and g then do not
withhold the mark.

NB: See the three altematives which may be less commeon but mark i exactly the same way. If yvou are
uncertain as how to mark these please consult your team leader.
In Alt I the second M is for writing x=sin” 2y => x= i%i%cm 4y from cosdy =+142sin’ 2y
1 1
In Alt II the first M is for writing x2 = sin 2 v and differentiating both sides to Px 2 =Qcos?2 }% oe
In Alt 111 the first M 1s for writing 2 y = im-'si_n{x”'i }oe and differentiating to M’% = N;qx x03
1— { L )—

@ Pearson



X

Silver Questions

Non-calculator

The total mark for this section is 36

Q1

Given that

1 3
2x =7

y=3+6x+—", x>0
Ivx

Find % Give each term in your answer in its simplified form.

(6)

(Total for Question 1 is 6 marks)

Q2

The curve C has the equation 2x + 37 + 3x? y = 4x°.
The point P on the curve has coordinates (—1, 1).
(a) Find the gradient of the curve at P.
(6))

(b) Hence find the equation of the normal to C at P, giving your answer in the form
ax + by + ¢ =0, where a, b and c are integers.

€))

(Total for Question 2 is 8 marks)

Q3

Given that 6 is measured in radians, prove, from first principles, that the derivative of sin 8 is
cos O

sink d cosh—1

You may assume the formula for sin(4 + B) and that as 2 — 0, 5 —1 an —0.

©))

(Total for Question 3 is 5 marks)

Q4

@ Pearson



= . x # —1
(x +1)
(a) Show that Y = — where 4 and n are constants to be found.
dx (x + 1)
“4)
(b) Hence deduce the range of values for x for which % <0.
(0))

(Total for Question 4 is 5 marks)

Q5
(1) Given that

x = sec? 2y, O<y<§

show that
dy _ 1
dr  4xf(x —1)
C))
(i1) Given that
y=(x%+x3)In2x
find the exact value of % at x = %, giving your answer in its simplest form.
(6))
(ii1) Given that
. 3cosx
f(x) = LDHL , x -1
(x +1)F
show that
f'(x) = 8(x) - x# -l
(x +1)7
where g(x) is an expression to be found.
3)

(Total for Question 5 is 12 marks)

End of Questions

@ Pearson



Silver Mark Scheme

Q1

Question
Number

Scheme

Notes

Marks

y=3"+62° +

2 -7

3Wx

Attempts to split the fFi‘lCtiU‘ﬂ into 2 terms
and obfains either g x7 or gx~*. This may
be implied by a correct power of x in their
differentiation of one of these terms. But

— -
beware of Sx * conung from

2y
LX 3 -1
=2x"—T+3x "

Wr

M1

Differentiates by reducing power by one for
any of their powers of x

M1

(dy 2 52
Y el By 2y 4+
[ — | X+ 2% +2x

7 =
173

6

Al: 6c Do not accept 6x'. Depends on
second M mark only. Award when first seen
and isw.

Al: 2x7. Must be simplified so do not

X
on second M mark only. Award when first
seen and isw.

g 5
accepte.g. 'Tx'* but allow ET Depends

Al: %Jﬁ. Must be simplified but allow e.g.

R .
1%1”01[ eg %-Jl_j Award when first seen

and 15w,

Al %_{*—'_ Miust be simplified but allow ¢

_ Award when first

1
1—-x"7 oreg
5 g

7
X

seen and isw.

ATATATAL

In an otherwise fully correct solution, penalise the presence of + ¢ by deducring the final

Al

[6]

i
dl

| 3Jx

| (6 (26 -7) 3

2% =7

dx

(3x)

Use of Quotient Rule: First M1 and final A1Al (Other marks as above)

Uses correct quotient mule

M1

C10x 727
6x

Al: Correct first term of numerator and
correct denominator

Al: All correct as simplified as shown

AlAl

So b _ 6x =
dx

2x

o3 10xT+7x7F
t—_—

scores full marks
Gx

6 marks




Q2

Question
Numt Scheme Marks
(a) Hx 2+ﬁyﬂ+ 6;y+3fﬂ1=s,r M1 Al Bl
Hx dx dr | — o
d Ex-2-6
{Ey - ﬁ} not necessarily required.
dy _ B(-1)-2-6(-1X1) 4
At Pi-11), o|T)=s—= —m—————— = —— dM1 Al
it e 6(1) +3(-1)° 9 -
(51
-1 9
(b) So,m(N) = — {= -} M1
-4 4
9
N: y-l=:(1+l] M1
N: Ox—4y+13=0 Al
[31
8
: ESLilsini = E dy 2 dy dy
(a) M1: Differentiates implicitly to mnclude esther j:iya or 3x a{]gnum E =)
Al: [2x+3yz]—p{2+ﬁy%] and [4.\*2 —)8_1'] Note: If an extra “sixth” term appears then award AO.
— G/
Bl: 6xy+3xzd—y_
dx
dM1: Substituting ¥ =-1and y =1 into an equation involving % Allow this mark if either the numerator
dy  Bx—2-Gxy ¢ :
or denommator of — = —————— 15 substituted into or evaluated comrectly.
de  6y+3°
If it is clear, however, that the candidate is intending to substitute x=1and y = -1, then award MO.
Candidates who substitute x =1and y =1, will usually achieve m(T) =-4
Note that this mark is dependent on the previous method mark being awarded.
Al: Fm‘—%m’—% or -0.-; or awrt —0.44
If the candidate s solution 15 not completely correct, then do not give this mark.
(b) M1: Applies m(N) =— .

their m(T) *

ML: Uses y—1=(m,)(x——1) or finds ¢ using x=—1land y =1land uses y=(m,)x +"c",
1 1

their m(T) their m(T)

Al: 9x-4y+13=00r -9x+4y-13=00r 4y -9x-13=0 or 18x -8y + 26=0 efc.
Must be “=0". So do not allow 9x+13 =4y etc.

C‘;_p+3.x2
B2 _6xy

Where my, =— of fiy = or m, = —their m(T).

Note: m,,=—( ]isMﬁMOunJcssanumcﬁcalva]ucismmIomdiormN.

Alternative method for part (a): Differentiating with respect to v

i
Ex 2£+6y+lmyﬁ+3f =li,:¢-E
dy =2y dy

X

M1 Differentiates implicitly to include either 2E aﬁzyﬂ or d:k.tE.ﬂme IE =]).
dy dy dy Ldy

3 \
Al: [21+3y1}—)[2‘;ﬂ+6_yJ and [4.1.'2 _)SI;EJ- Note: If an extra “sixth” term appears then award AQ.
ok A G

Bl 6;y+3.:‘£.
dx

d
dM1: Substituting .x=—l=nd}'=linmanequaﬁminwlvingt;£m£. Allow this mark if either the
y
: dx 6y+3x° | : ]
mmuadmommataofazmlssuhmmmoreﬁlumm‘

If it is clear, however, that the candidate is intending to substitute x =1and y = -1, then award MO.
Candidates who substitute x =1and y = -1, will usually achieve m(T) = -4
Note that this mark is dependent on the previous method mark being awarded.

Al: Fot—%or—% or —0.-1 or awrt —0.44
If the candidate’s solution is not completely correct, then do not give this mark.




Q3

Question Scheme Marks AOs
Use of sin(@+ h)—sin & - 51
(@+h) -8 ’
Uses the compound angle identity for sin(4+B) with 4=8 B=h . L.13b
=@+ h)=sinfcosh+cosdsinh ’
Achieves sin(@+h)—sinf  sinfcosh+cosfsimnh—sind Al L1b
h - h '
=Smhc056+(cmh_l)si_nﬁ' ML 51
Uses h—0. sinfi —land cosh—1 —0
Hence the limit, M =cos#and the gradient of Al* 25
(@+n)-a
the chord —» gradient of the curve = % =cosd *
(5 marks)
Notes:
Bl:  States or implies that the gradient of the chord 15 sin(6+ ';? —510.6 o1 similar such as

M1:

Al:

M1:

Al=:

si(f+08)—smé
g+06-6
Uses the compound angle identity for sin(4 + B) with 4=6, B=h or &6

for a small / or &8

smBeosh+cos@smh—sind

Obtains p or equivalent
Writes their expression in terms of S";:h and cns;f -1
dy

Uses correct language to explain that i cosé

For this method they should use all of the given statements h — 0, 511.; h —1,

cosh—1 si(6+h)—smn &

— 0 meaning that the lint, cos &
@+h—a

and therefore the gradient of the chord — gradient of the curve — % =cosd




Question Scheme Marks AOs

alt Use of S(@+h)—snd B1 21
(@+h) -8

. h h . h h

. . sin| f+—+— |—sm| +———

sin(6+h)—sin6 _ 2 2 2 2
(8+h)-@ h

and uses the compound angle identity for sm(4 + B) and

Sets

M1 1.1b

sin(4 — B) with A=g+§, B—

1o | =

sm(@+h)—smé
h

[+ 2 e wcon{ o2 (] [sa{ o2 Jos 2] e 2 2] | A1 | P

Achieves

=

2 h
= 2 XCOS(€+E] M1 21

! (hJ
sin| — .
h 2 h
Uses k_)oj;_){)hence A —1land cos 6'+: —cos @

-

2

_ _ Al* | 25
Therefore the limit, su@+h)—sind =cos & and the gradient of
(@+h) -8
the chord — gradient of the curve = % =cosd *
(5 marks)

Additional notes:

Al*: Uses correct language to explain that % =cos & . For this method they should use the

()
51 ;
(adapted) piven statement i — 0, % — O hence i =

— 1 with cos[9+§) —cosfd

2
meaning that the limit, e i i =cos 8 and therefore the gradient of the
(@+h) -8
dy

chord — gradient of the curve — 8- cos




Q4

Part | Worling or answer an examiner might Mark | Notes
expect to see
@ | dy _ (x+Dx(10x+10)—(5x" +10x) = 2(x+1) M1 | This mark is given for an attempt to
e et D* differentiate the expression for v
Al This mark 1s given for correctly
differentiating the expression for v
dy (x+Dx(10x+10)— (52 +10x) %2 M1 | This mark sis given for cancelling
e (x+1)° the expression through by (x + 1)
dy _ 10 Al | This mark is given for a fully
de  (etl) correct expression for d—l
(b) |Ifd=0andn=13 then x=-1 Bl | This mark 15 given for deducing
that & <0 = x<1.
dx
Q5
Question
ik Scheme Marks
dx 2 Bl
(i) —=4sec” 2ytan 2y
dy
_ody 1
Uses tan’ 2y =sec’ 2y—1 and sec2y =+/x to get & or D in terms of just x M1
: ' ' & dr
dy 1 Al#
—— = ———— ( conclusion stated with no errors previously)
dx  4x(x- 1)*
4
fll'l' 3 5 2 P b -
(id) ——=(x"+x)x—+(2x+3x")In2x M1 Al Al
X 2x
: dM1 Al
e d 1 ace 2
When x=—, . 3(5)+4(3) =3(5)+e
2 dx = = = 5
(3)
; :.\'+1f[—3 sinx)—3cos :r(]—[.'r+l}ﬂ%]
i) £ (x) =- sin %) - 3cos (3 M1 A1
(x+1)°
i —3(x+1)(sinx)—cosx Al
t'(x)= =
(x+1)° (3)
12 marks

@ Pearson



()

dx : dv  sin2ycosly
Bl —-=4se¢:21ytau2_voreqmvalentsmhas—-=4l—‘4—'
dy dy cos” 2y
dx 5 dy
Accept d—=15eclyranIJ'x5ec2_v+Zsecl_‘rranlyxsecly, l=4sec” 2ytan 2y —
JI‘
; dv .
M1 Uses Eﬁ:%m get an expression for émterms of y.

&

It may be scored following the award of the next M1 1f ;ﬁ has been written in terms of x.
y

Follow through on their expression but condone errors on the coefficient.

dx . dy 1 : _dy 2
For example — = 2sec” 2ytanly = —= 1s0Kas)s —=—+—
dy ) " dx 2sec’2ytanly dr  sec’2ytan2y
Do not accept ' s going to x's. So for example £=25cc22vtau2y=:«d—y=+ishﬁﬂ
dy " dx 2sec”2xtan2x

: % ; . de  dy. -
M1 Uses tan’ 2y =sec’ 2y—land x =sec” 2y to get their d—or Emtemn of just x
2

dx 2 dx - 5
=2sec” l}rlal.l."y:b—=2.t1,|ll{s:c' 2y—1) = 2x+/x—1 15 mncorrect but scores M1

dy dy

dx : i
= 2seclytan Ey:>d— =2sec2yyf(sec’ 2y-1) = 2Jxx~1 is incorrect but scores M1
v

&

The stating and use 1+tan’ x =sec’ xis unhkely to score this mark.

Accept l1+tan?2y=sec’ 2y =31+ tan’ 2y =x=>tan2y=3-1. So £-+_ -
dv  4sec*2ytanly 4xyx—1

Condone examples where the candidate adapts something to get the given answer

dy 1 1 1
g L= =

dv  dsec’2ytan’ly 4sec’ 2y [secl 2y- 1) i 4x,/(x-1)

Al* Completely correct solution. Thas 15 a ‘show that” question and 1t 15 a requirement that all elements are seen.
(ii)

M1 Uses the product rule to differentiate {xz - xl]lulx . If the rule 1s stated 1t must be correct. It may be implied by
their v =...u'=.,v=_.v'=_followed by vu'+uv'. If the rule 15 neither stated nor implied only accept expressions

of the form hlxx(m+bxzj+(13+xi}x%



It 15 acceptable to multiply out the expression to get ' In2x+x° In 2x but the product rule must be applied to both
terms

,
Al One term correct (unsimplified). Either (x* + .ri)x_};or (2x+3x%)In2x
X
If they have multiplied out before differentiating the equivalent would be two of the four terms correct.

r 3 2 ]
Al A completely correct (unsimplified) expression dé =(x!+x°) x"_x+ (2x+3x")In2x

dM1 Fully substitutes x=—i (dependent on previous M mark) into their expression for %: ... Imphied by awrt 11.5

dy

e %=3(§']+e2 Accept equvalent sumphified forms such as %=1.5».=:+».=:21 E:e(l_ﬁ_‘_e}l %= e(2e+3)

2

(i1}

\H| [

1
M1 Uses quotient rule with # = 3cosx, v=(x+1)?, u'=tAsinxand v'=B(x+1) .

1
If the rule is quoted it must be correct. It may be implied by their u =3cosx. v=(x+1)7, u'=+Asinxand

||I-l

v '— v’

‘L'J

v'= B(x+1) ? followed by

5 S
Additionally this could be scored by using the product rule with ¥ =3cosx, v=(x+1) ? u'=x4sinx and

4 1
= B{x—l—l}-ﬂj.Ifﬂ:ieruleisquded:ltm:sihemmct.ltma}’bemq}hedbyﬂleir u=3cosx, v=(x+1) 3

4
u'=+Asinx and v'= B(x+1) * followed by ve'+ uv’

If 1t 15 not quoted nor imphed only accept either of the two expressions
1
(x+1)° x+Adsinx—3cosxx B(x +1)

Lul ]
] 1

1
- (x+1)° x+Adsinx—3Icosxx B(x+1)

1) Using quotient form TV 1

[{x+1)3] (x+1)°
ks ! ..

2) Using product form (x+1) 3 xtA4sinx+3cosxx B(x+1) 3

(x+D} (=3sinx)—3cos x{%(x+1}_i)

Al A correct gradient. Accept I (x) = s
[{x+l}’)

1 4
’ 1 =
or f(x) ={x+1}-3r x—35:ux+3msxx—§(x+1] H

=3(x+1)(sinx)—cosx

Al f'(x)= iy

oe. or a statement that g(x) =—3(x+1)(sinx)—cosx oe.



Gold Questions

Non-calculator

The total mark for this section is 35

Q1
(1) Differentiate with respect to x
(a) x?cos3x

ln(x2 + 1)

®) xi+1

(1) A curve C has the equation

y=V(4x+1),

©))

C))

x>—4, y>0

The point P on the curve has x-coordinate 2. Find an equation of the tangent to C at
P in the form ax + by + ¢ = 0, where a, b and c are integers.

(6)

(Total for Question 1 is 13 marks)




Q2

+«— A
\\\___)/./

hm
<“rm Ny

Figure 9

e 4
[A sphere of radius 7 has volume — 773 and surface area 4m2]
-]

A manufacturer produces a storage tank.

The tank is modelled in the shape of a hollow circular cylinder closed at one end with a
hemispherical shell at the other end as shown in Figure 9.

The walls of the tank are assumed to have negligible thickness.
The cylinder has radius » metres and height # metres and the hemisphere has radius 7 metres.
The volume of the tank is 6 m®.

(a) Show that, according to the model, the surface area of the tank, in m?, is given by

12 5
Ry
I k|
)
The manufacturer needs to minimise the surface area of the tank.
(b) Use calculus to find the radius of the tank for which the surface area is a minimum.
4

(Total for Question 2 is 8 marks)




Q3
A curve C has equation
25+ y*=2xp
Find the exact value of % at the point on C with coordinates (3, 2).

(7

(Total for Question 3 is 7 marks)

Q4
The curve C, in the standard Cartesian plane, is defined by the equation
x =4sin2y Z< y < z
4 +

The curve C passes through the origin O

(a) Find the value of %at the origin.

@)

(b) (1) Use the small angle approximation for sin 2y to find an equation linking x and y for
points close to the origin.

(i1) Explain the relationship between the answers to (a) and (b)(i).

2
(c) Show that, for all points (x, y) lying on C,
__ 1
dr avbh —x’
where a and b are constants to be found.
3)

(Total for Question 4 is 7 marks)

End of Questions



Gold Mark Scheme

Q1
Question
Rebas Scheme Marks
Q f(i)a) | ¥ = xcosdx
u=x v =cos3x
Apply product rule: | 4y, _ dw s
—=2x —==3sin3x
dx dx
Apphes vu' + uv' correctly for
their u, u', v, v' AND gives an M1
expression of the form
dy T ey axcosix * fx’sin3x
dr Any one term correct | A1
Both terms correct and no further
simplification to terms | 41
cosax’ or sin A
(3)
©) | = LD
r+1
In(e +1) — Owmething |
B du 2x ¥+l
U =hix+) = —=—— it
- (e +1) = ——— | A1
X +1
W=ln(x*+1) v=x +1]
Apply quotient rule: idy  2x " J
lax = ¥+ dc
Iy 3 3 vu' —uv'
= ¥ +1) - 2xin(x’ +1 A bl R S T
ﬂ_ ll"+l]{1 - } yIn{x~ +1) pplying =
dr (x + 1}3 Comect differentiation with correct Al
bracketing but allow recovery.
(4)
7 2x — 2xIn(x* +1
1 - 8 w} {Ignore subsequent working. }

.dt |:'_T“ +1]:




?(l":;:w Scheme Marks
(i) y=Vax+l, x>-1
AtP, y=/42)+1=+0 =3 AtP, y=+9 or 3 | B1
| M1
Y. Larayt t“"“”J
de 2 2(4x+1)7 | A1 aef
dy _ 2
& (@x+t
dy 2 Substituting x = 2 info an equation
e et ; . g | M
dx (4(2p1) mvolving 2+ ;
7
Hemenﬂ)=i
y—¥ =mix-2)
Either T: y-3=4(x-2); or y- v, = mix— their stated x) with
‘therr TANGENT gradient’ and N
or y=3x+c and their y;; | AM1%;
% b S oruses y=my+c with
=T =iy = ‘their TANGENT gradient’, their x
and therr y;.
Either T: 3y-9=2(x-2);
T. 3y-9=2x-4
T 2x-3y+5=0 2x—3y+5=0 | Al
Tangent mwst be stated in the form
ax+by+c=0,wherea, band ¢
are integers.
(6)
o T. y=24x+4
T: 3y=2x+5
T. 2x-3y+5=0
[13]




Q2

Part | Working or answer an examiner might | Mark | Notes
expect to see
(a) |6=mh+ 2 Bl | This mark is given for a method to find
3 the volume of the cylinder and the semi-
hemisphere
{2 3 M1 | This mark is given for a method to find
. | 6—§m the surface area of the tank
A=3m-+2r — 2
| ™ Al | This mark is given for finding an
- expression for the surface area of the
tank
A=3m2+ 12 _ dm _ 12 + Smr” Al This mark 1s given for a fully correct
r 3 r 3 proof to show the surface area of the
tank as required
) |4=12 0@ dd_ 12, 1w M1 | This mark is given for a method to
r 3 dr re 3 differentiate to find »
Al | This mark 15 given for accurately
differentiating to find »
When d;fi =0, _% + 10z _ 0 M1 Ej;s mark 15 given for a method to set
r r 3 — =0to find a value for »
18 dr
Fi=
5w
»=1.046 Al | This mark 15 given for finding the radius

for which the surface area 1s a minimum




Q3

Cuestion 5
il Scheme Marks
d
—(2")=In2.27
Eh_'[ Bl
222y W =242, Ml Al=Al
dx dx
Substituting (3. 2)
dy dy
Sin2+4L =446 M1
x x
dy e ;
—=4Iln2-2 Accept exact equivalents | M1 Al (M
z
[7]
Q4
Part | Working or answer an examiner might | Mark | Notes
expect to see
dx dy 1 . . . .
(a) — =8cosly = X = M1 | This mark 1s given for differentiating and
dy dx 8cosly inverting
dv 1 . . . dy
Ar(0.0), = =2 Al | This mark 1s given for finding — when
dx dx
y=0
(b)1) |sin2y=2y = x= 8y Bl | This mark 1s given for finding an
approximation for x
(b)11) | When x and v are small, x =4 sin 2y Bl | This mark 1s given for a valid explanation
approximates to the line x = 8y of the relationship between x and v when
both are small
() | sinf2y+cost2y=1 M1 | This mark 1s given for a method to use
= cos? 2y = 1 — sin? 2y find an expression for sin® 2y in terms
of x
x=4sm2y = s’ 2y= ' J—c}
\4)
dy _ Al | This mark is given for an unsimplified
dx expression for d—l
dy _ 1 Al | This mark 1s given for a fully correct
E_zm answer with a=2 and & = 16

@ Pearson



Platinum Questions

Non-calculator

The total mark for this section is 22

Q1
. d 1
a) Given that y =In [t + V(1 + )], show that & = ———.
(a) y=In[r+~N(1+1)] & 1)
3)
The curve C has parametric equations
x=;2,y=ln[t+\/(1+t2)], teR.
V(1+2%)
A student was asked to prove that, for # > 0, the gradient of the tangent to C is negative.
The attempted proof was as follows:
&
y=In|t+—
X
(tx+1]
X
=In(tx+1)—Inx
oy _ ot 1
Cdr x+1 x
13
_ox 1
E
X
_ A+ (1+7)
t+N(1+1%)
o (1+1Y)
t+V1+¢%)
As(1+2)>0,and 1+ (1 +2)> 0 for >0, jﬁ <0 fort>0.
(b) (1) Identify the error in this attempt.
(i) Give a correct version of the proof.
(6)



(¢) Provethat In[—¢+(1+2)]=—In[z+ N1 +A)].
3
(d) Deduce that C is symmetric about the x-axis and sketch the graph of C.

3)
(Total for Question 1 is 15 marks)

Q2

YV A

R

0 /A

=V

Figure 2

Figure 2 shows a sketch of the curve C with parametric equations

x=2sins, y=In(sect), 0<t<g

The tangent to C at the point P, where ¢ = % , cuts the x-axis at 4.

3
(a) Show that the x-coordinate of 4 is %(3 —In 2) )
(6)

The shaded region R lies between C, the positive x-axis and the tangent 4P as shown in
Figure 2.

(b) Show that the area of R is V3 (1+In2) —2In(2+V3) — ?(1112)2 . (11)

(Total for Question 2 is 17 marks)

End of Questions
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Platinum Mark Scheme

Q1
gl;zi:;:: Scheme Marks
5 (a) Attempt at E = LA : Mi
dr u
Fy=1t [ x+q.f(1+xl)]
)= = —— Bl
W+ L+
Completion: Ez ! - AG Al @)
dr 1+ (cso)
dv t 1 . dr
Nl —= - = t in numerator should be 7+x—
®) @ dr m+1 x [ d\'] Bl
de t
()| dar : M1 Al
(1+£7)4
d_ dvd 1 A+t | A+ M1 Al
dx dr dx i+ t £
Correct complete argument Al (&)
© | Im{—t+V1+M + n{t+VA+2} =ln {(1+ A -~} or equiv M1 M1
In{—t+ 1+ + n{t+V(1+)} =0 = result Al (3)
Ast— -1 (nyv)—=2(x—1)
()] v oA [Accept that as enough, if fuller | Bl
explanation not given]
\ Asymptotic to y-axis, symmetric in M1
7 7 : X-ax1s
Correct curve, (1, () and no cusp | Al (3
(15 marks)




Q2

(a)

(k)

P is (4f3.In2)
dy ¥ tanf
dx

i 2cost

When ¢ = —

a

m =«4'§

Equation of tangent at P is: v —In2 = .3(x—+3)

In2

——=tala=X ==

43

A iz where v =0

N

(=)L 6-n2)

=T a
Area under curve = J vy = J'Jf Insect 2 costdr

=[2sintlasecs]- [ 2sinftan 7 ot

- _(l—-cos' #)
= _ .2—‘??'
[ ] J cosf B
= 1 -EJ‘ sectdr +2 J
cos § o
= [ 2sin ¢ Insec #] - 2in|secs + tan/|
+3siné o
= +3n2 22+ 3]-0+(2
By
2
L n2+1)-2m2+ 3
Areaof A =%|:«.-'{3_—£{3—]112}:|]112
a
“%ﬂﬂl} P

E1l

M1 Al

Al

M1

Al gap
(8)

M1

M1
Al

M1

M1

E1l

Score
anywhere.

M1 attempt 27
dx
Al correct

Attempt
tangent at F.

+ their Pand m

3—In2

3

Allow

Useofs’=1-

(7]

Split

Arcept cos £

Use of corract
limits on all 3
integrals

Any correct
EEpression.




Areaof B = are under curve —area of A
=f\;'§{]n2+l}—2]:1(2+«.5}—%{]n2}:
{=+)
1 " ¥’
ALT Area=-— J]r.{l-—}dx
2 4
0.8
-|-Lama-Xy| o+
2 4
| ==&
4-x
-1 1 e
e
4—x°
S | R
V2—x 24x
= —lxlni-l—x—-} +x+l-n,':2_x-.f
2 \ 41| - L2+
Then use of limitz etc az before.

M1

Algso

(11)
[17]

M1

M1
Al

M1

=
=

Strategy must

ke J or area

Condone
missing -1

Parts

cotrect

Split

Partial
Fractions




Topic 10: Numerical methods

Bronze, Silver, and Gold for

A Level Mathematics

ALWAYS LEARNING PEARSON



@ Pearson

Teacher Notes

These Bronze, Silver and Gold worksheets are designed to be used either straight after the content
has been taught or as part of a skills gap analysis, especially as students move into year 13.
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Bronze Questions

Calculator
The total mark for this section is 34
Q1
fx)=In(x+2)—x+1, x>-2 x=[.

(a) Show that there is a root of f(x) =0 in the interval 2 <x <3.

2
(b) Use the iterative formula
Xn+1=In(xn +2)+1, x,=2.5
to calculate the values of x1 , x2 and x3 giving your answers to 5 decimal places.
3)
(c) Show that x =2.505 is a root of f(x) =0 correct to 3 decimal places.
(2)

(Total for Question 1 is 7 marks)

Q2

fo)y=—x>+3x*>— 1.

(a) Show that the equation f(x) = 0 can be rewritten as

=

(2)

(b) Starting with x, = 0.6, use the iteration
xn+1 =
3-x,
to calculate the values of x,,x, and x, , giving all your answers to 4 decimal places.

(2)
(c) Show that x = 0.653 is a root of f(x) = 0 correct to 3 decimal places.

3)

(Total for Question 2 is 7 marks)




Q3
Fix)=x" +3x" +4x—12

(a) Show that the equation f (x) = 0 can be written as

_Tz\ll(‘“}_'ﬂ)* x#-—3

(3+x)
3)
The equation x° + 3x? + 4x —12 = 0 has a single root which is between 1 and 2.
(b) Use the iteration formula
_ |{4(3—x,) 5
'TJ.I.rI _J\ll [ {34—_1['”] )* H =2 0
with xo = 1 to find, to 2 decimal places, the value of x,,x, and x; .
(&)
The root of f(x) =0 is a.
(c) By choosing a suitable interval, prove that o = 1.272 to 3 decimal places.
(&)

(Total for Question 3 is 9 marks)

Q4

f(x)=3xe"—1
The curve with equation y = f (x) has a turning point P.
(a) Find the exact coordinates of P.

)
The equation f (x) = 0 has a root between x = 0.25 and x = 0.3
(b) Use the iterative formula
|
X =75€ 7
3
with x, =0.25to find, to 4 decimal places, the values of x,,x, and x; .
3
(c) By choosing a suitable interval, show that a root of f (x) = 0 is x = 0.2576 correct to
4 decimal places.
3)

(Total for Question 4 is 11 marks)

End of Questions
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Bronze Mark Scheme

Q1
Cluestion
Number Scheme Marks
(a) f(2)=038 .
f(3)=-039 ... M1
Change of sign (and continuity) => rootin (2, 3:] * cso | Al (2)
(b) n=In454+1~250408 M1
x, ~2.50498 Al
x; = 250518 Al (3)
(c) Selecting [3.5045, 2.5055]. of appropriate tighter range. and
evaluating at both ends. M1
£(2.5045) = 610~
£(2.5055)~—2x107"
Change of sign (and continuity) = root £(2.5045, 2.5055 :]
= root=2505 to 3 dp * cso | Al 2)
[7]
Note: The root. correct to 3 dp. 15 2 50524




Q2

(uestion Scheme Marks
Numbher
(@) |F(3-x)—1=0 oe. (egx(=+3=1) M1
1
x= *
x 4,||3_Jf (%) Al (cs0) (2)
Note(#). answer 1s given: need to see appropriate working and Al is cso
[Reverse process: Squaring and non-fractional equation M1, form f{x) Al]
(B) |x=06435, x==06317, x=06326 Bl:Bl ()
1¥ B1 1s for one correct. 2% B1 for other two correct
If all three are to greater accuracy, award B0 Bl
{¢) | Choose values i interval (06325, 0.6533) or tighter and evaluate both M1
f{0.6525)=—0.0005 (372... f{0.6335)=0.002 (101...
At least one correct “up to bracket” 1e -0.0005 or 0.002 Al
Change of sign, ~ x=0.6353 15 a root (correct) to 3 dp. Al 3
Requires both correct “up to bracket” and conclusion as above
(7 marks)
Alt (1) | Continued iterations at least as far as x5 M1
x5 =0.65268, x5 =0.6527. x7- ... two comrect to at least 4 s.f. Al
Conclusion - Two values correctto 4 dp  so 0653 1srootto 3 dp. Al
Alt (1) | Ifuse g(0.6325) =0.6527_=0.6525 and g(0.6533) = 0.6528_<0.6535 M1Al
Conclusion : Both results correct, so 0.6533 1s root to 3 d.p. Al
Q3
Ousastion
Murmbas SChame Marks
(@) @ +3 +dx-12=l= 1" +32" =12-dx
=rlr+H=12-dx M1
12-4 I“' 3= x)
=N - LS Ll dMIAL®
[x+T {8
3
B} x=ld4l awrx,=120 x=13i B1AL A
&
(] Choosing (1.2715,1.2725)
of lighier comiaining root 1271 #8323 ki1
012725 = [+ 00827 .. F(1.2T15) =—0.00821... il
Change of sipn=-=].272 Al
[3)
(% marks)




Q4

Note: x=0257 627 65 __. 1s accurate

%ﬁggp Scheme Marks
(a) f'(x)=3e"+3xe’ M1 A1
3e"+3xe” =3 (14 x)=0
x=-1 M1 A1
f(-1)=-3e"-1 B1 (5)
(b) x, =0.2596 B1
x, =02571 B1
x; =0.2578 B1 (3)
(c)| Choosing (0_25? 53,0257 65) or an appropriate tighter interval M1
£(0.25755) =—0.000379 ._.
£(0.257 65)=0.000109 ... Al
Change of sign (and continuity) => root (0.25? 35,0257 65] %* cso | Al
( = x=0.2576. is comrect to 4 decimal places) (3)
[11]




X

Silver Questions

Calculator
The total mark for this section is 39

Q1
g)=e"'+x-6

(a) Show that the equation g(x) = 0 can be written as

x=In6—-—x)+1, x<6
2
The root of g(x) =0 is a.
The iterative formula
Xn+1=1n(6 —x,) + 1, X, =2
is used to find an approximate value for a.
(b) Calculate the values of x,,x, and x, to 4 decimal places.
(©))
(c) By choosing a suitable interval, show that a = 2.307 correct to 3 decimal places.
(©))

(Total for Question 1 is 8 marks)




Q2
f(x)=x —3x+2cos(%xj, 0<x<m

(a) Show that the equation f (x) = 0 has a solution in the interval 0.8 <x < 0.9

The curve with equation y = f (x) has a minimum point P.

(b) Show that the x-coordinate of P is the solution of the equation

3+sin(1x)
r=— =
2
(c¢) Using the iteration formula
3+sin(1x,)
Xn+1 = 2 5 xo = 2

find the values of x,,x, and x,, giving your answers to 3 decimal places.

@)

“)

©))

(d) By choosing a suitable interval, show that the x-coordinate of P is 1.9078 correct to 4

decimal places.

(€))

(Total for Question 2 is 12 marks)




Q3

R

Figure 2

Figure 2 shows a sketch of part of the curve with equation
y= 2cos(%x2j+x3 —3x-2

The curve crosses the x-axis at the point O and has a minimum turning point at R.

(a) Show that the x coordinate of Q lies between 2.1 and 2.2.

2
(b) Show that the x coordinate of R is a solution of the equation
[ 2 1,
x = ,‘Jl + Exsin [?x*)
C))
Using the iterative formula
[ 2 1,
X, 0= J1+-x, sin(—_r”;], x, =13
\ 3 2
(c) find the values of x, and x, to 3 decimal places.
2

(Total for Question 3 is 8 marks)




Q4

f(x) = 3x’ - 2x — 6.

(a) Show that f(x) =0 has a root, a, between x = 1.4 and x = 1.45.

2
(b) Show that the equation f (x) = 0 can be written as
[ 2
X = |'I 242, x=0
X 3
3)
(c) Starting with xo = 1.43, use the iteration
1= [ 2+2]
T )
to calculate the values of x,,x, and x;, giving your answers to 4 decimal places.
3)
(d) By choosing a suitable interval, show that o = 1.435 is correct to 3 decimal places.
3)

(Total for Question 4 is 11 marks)

End of Questions



Silver Mark Scheme
Q1
Question
Number Scheme Marks
(a) O=e'+x-6=>x=mn(6-x)+1 MI1AL*
(2)
(b) Sub x, =21 mtox , =ln{6—x, )+1=x =2.3863 MI1. Al
AWRT 4dp. x,=2.2847x, =2.3125 Al
(3)
(e ) Chooses interval [2.3065.2.3075] M1
£(2.3065)=-0.0002(7). g(2.3075)=0.004(4) dmM1
Sign change . hence root (correct to 3dp) Al
3)
(8 marks)
Q2
Question No Scheme Marks
6 (a) f(0.8) = 0.082, f{0.9)= -0.089 Ml
Change of sign = root (0.8.0.9) Al
(2)
(b) i
fx)=2x—3—sin (Ex} e
. 1
3+sin (zx)
Sets fl(x) =0 x= —— 2 MIAL*
4
) 3+sin (x,)
(c) Subx=2into x,4q4 = —-——2-3- M1
X=awrt 1.921, xo=awrt 1.91(0) and xy=awrt 1.908 Al.Al
(3
(d) [1.90775,1.90785] M1
£(1.90775)=-0.00016.. AND {(1.90785)= 0.0000076.. M1
Change of sign = x=1.9078 Al
(3)
(12 marks)




Q3
%ﬁﬁgg? Scheme Marks
(a) Vo ==0224 . ,,=(+)0.546 M1
Change of sign=0 lies between Al
(2)
(b) AtR %=—~2rsm[%xl]+3f—3 MI1Al
= ] = 5 2. 11
—2.1'5111[?1 ]+3x —3=0= 1'=J1+5xsm[) cso [ MIAL®
4)
2 R
(c) X = 1+§x1.35u1[5xl.3 } M1
X, =awrt 1.284 x, =awrt1.276 Al
(2)
(8 marks)




Q4

3111::;:: Scheme Marks
(@) | £(1.4)=—0.568 ...<0
f(145)=0245 ... =0 M1
Change of sign (and continuity) = o =(1.4. 1.—‘1-5:] Al ()
(®) | 3x =2x+6
Ty
x = 3 +2
3
s 2 2
Xr=—+— MI Al
3 ox
I/ 2 4-} ".I
x=»\/|—+:; * Al cso(3)
vx 3
(c) | x=14371 Bl
x, =14347 Bl
x; =1.4355 Bl (3)
(d) | Choosing the interval (14345 14355) or appropriate tighter interval. M1
f(1.4345)=-0.01 .
£(1.4355)=0003 _. M1
Change of sign (and continmity) = o« =(1.4345.1.4355)
= a=1435_ correct to 3 decimal places % cso Al (3

(11 marks)




Gold Questions 47 Marks

Calculator

The total mark for this section is 47

Q1

B

Figure 8
Figure 8 shows a sketch of the curve C with equation y =x*, x>0
(a) Find, by firstly taking logarithms, the x coordinate of the turning point of C.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

)
The point P(a, 2) lies on C.
(b) Show that 1.5<a<1.6
2
A possible iteration formula that could be used in an attempt to find a is
x . =2xt%
n+l n
Using this formula with x, =1.5
(c) find x, to 3 decimal places,
(2)
(d) describe the long-term behaviour of x;,.
(2)

(Total for Question 1 is 11 marks)




Q2

Figure 1

Figure 1 shows part of the curve with equation y = —x* + 2x? + 2, which intersects the
x-axis at the point 4 where x = a.

To find an approximation to a, the iterative formula

2
= +72

o

n

1s used.

(a) Taking x, =2.5, find the values of x,,x,,x; and x,.
Give your answers to 3 decimal places where appropriate.

3)
(b) Show that a = 2.359 correct to 3 decimal places.

(€))

(Total for Question 2 is 6 marks)




Q3

The curve with equation y = f(x) where
f(x) =x* + In (2x* — 4x + 5)
has a single turning point at x = a.
(a) Show that a is a solution of the equation
2 -4 +7x—2=0
C))
The iterative formula
1
Yus1 ™ 9
a.

is used to find an approximate value for

(2+ 4.1'"1 - Jx”-‘}

Starting with x, =0.3
(b) calculate, giving each answer to 4 decimal places,

(1) the value of x,
(i1) the value of x,
(©))
Using a suitable interval and a suitable function that should be stated,

(c) show that a is 0.341 to 3 decimal places.
(2)

(Total for Question 3 is 9 marks)




Q4
The curve with equation y =2 In(8 — x) meets the line y = x at a single point, x = a.
(a) Show that3 <a <4

(2)
Y
y=X
'-n.__‘_-‘--‘-q.-:
y=2In(8 —x)

oL 4

4 4 \
Figure 2
Figure 2 shows the graph of y = 2 In(8 - x) and the graph of y =x.
A student uses the iteration formula
x_ ,=2In(8-x), nelN
in an attempt to find an approximation for a.
Using the graph and starting with x, =4

(b) determine whether or not this iteration formula can be used to find an approximation for
a, justifying your answer.

@)

(Total for Question 4 is 4 marks)




Q5

for)=InQx—5)+2x*—30, x>2.5
(a) Show that f( x ) = 0 has a root a in the interval [3.5, 4]

(2)
A student takes 4 as the first approximation to a.
Given f(4) =3.099 and f'(4) = 16.67 to 4 significant figures,
(b) apply the Newton-Raphson procedure once to obtain a second approximation for a,
giving your answer to 3 significant figures.

2
(c) Show that « is the only root of f(x) =0

2

(Total for Question 5 is 6 marks)

Qo6

R

f(xx) = 25x%* — 16, x

(a) Using calculus, find the exact coordinates of the turning points on the curve with
equation y = f(x).

(6))
(b) Show that the equation f(x) = 0 can be written as x = i?e’x

1)
The equation f(x) = 0 has a root a, where o = 0.5 to 1 decimal place.
(c) Starting with xo = 0.5, use the iteration formula

xﬂr—l = E e

to calculate the values of x,,x, and x, , giving your answers to 3 decimal places.

(©))
(d) Give an accurate estimate for o to 2 decimal places and justify your answer.

2

(Total for Question 6 is 11 marks)

End of Questions



Gold Mark Scheme

Q1

Part | Working or answer an examiner might | Mark | Notes
expect to see
() |y=x*=ly=xlnx M1 | This mark is for a method to find the
x-coordinate of the turning point of C by
taking logarithms
_ 1 dy M1 | This mark is given for a method using
lny=xlax= - =hx=l implicit differentiation
Al | This mark is given for a correct
. 1 dy
expression for — —
Vv odx
Setting d—l =0, lnx+1=0 M1 | This mark 1s given for a method for
dx finding the turning point of C by setting
dy
—~ =10
dx
x=¢ Al | This mark 1s given for correctly finding a
value for the x-coordinate of the turning
point of C
(b) |15 =1837._..16Y%9=2121__. M1 | This mark 1s given for substituting 1.5
and 1.6 into v =x*
The curve C contains the points (1.5, 1.8) Al | This mark is given for a valid explanation
and (16,21) AtP y=2 that C contamns the points (1.5, 1.8) and
Since C is continuous, 1.5 < o < 1.6 (1.6,2.1) and 15 continuous
(c) |x=15 M1 | This mark is given for finding a correct
x =2 %1595 =1633 value forx;
x; =2 x 1.633093 =1 466 Al | This mark is given for finding a correct
xy=2 x 146670455 = 1 673 value for x4
(d) | For example: Bl | This mark is given for a valid statement
v oscillates about the long-term behaviour of
1s periodic
1s non-convergent
between 1 and 2 Bl This mark 1s given for stating that the
behaviour 1s between 1 and 2
(Total 11 marks)




Q2

Question
Number Scheme Marks
Q (a) | Iterative formula: x, , = ﬁ +2 , =25
Iﬂ
An attempt to substitute
T X, = 2.5 into the iterative formula. M1
Vs Can be implied by x; = 2.32 or
2320
X, =232 Both x, = 2.32(0) e
X, =2.371581451.. and x, =awrt 2.372
X, =2.355593575... Both x, = awrt 2356 |
x, =2.360436023__ and x, = awrt 2.360 or 2.36 e
i3)
(b) Let f(x) =—% + 2% +2=10
Choose switable inferval for x,
s e Gl 5?"' e.p [2.3585, 2.3595] or tighter "
f(2.3595)= -0.00142286... any one value awrt Lsf | g1
Sign change (and £(x) 15 continuous) therefore a root or tuncated 1 sf
ar1s such that o =(2.3585, 2.3595) = a = 2.359 (3 dp) both values correct, sign change | , .
and conclusion
At a mummum, both values must be (3)
correct to 1sf or truncated 1sf
candidate states “change of sign,
hence root”.
(6]




Q3

Question Scheme Marks AOs
(a) £ (x) = 2044 Ml | L1b
2x" —4x+5 Al 1.1b
31‘+L=0:>2x{2x:—41‘+5]—41‘—4=0 dM1 | 1.1b
2x" —4x+5 '
2x° —4x +T7x—2=0% Al 2.1
6]
b ; 1 W2 \3
(b) (1) xle[Z—-ﬁl{D_S] -2(03)) M1 1.1b
x, = 0.3294 Al | L1b
(11) x, =0.3398 Al 1.1b
(3
() h(x)=2x" —4x" +7x-2
. R M1 3.1a
h(0.3415)=0.00366.. h(0.3405)=-0.00130...
States:
¢ there is a change of sign
¥ . . 2
o f'(x) is continuous e =4
s  g=0.341to3dp
(2)
(9 marks)
Notes
Q4
Question Scheme Marks AOs
(a) Atternpts f(3) = and f(4) = where f(x)=+(2In(8—x)—x) M1 21
f(3)=(2In(5)—x)=(+)022and f(4)=(21n(4)—4)=-123
Al* 24
Change of sign and function continuous in mterval [3__ 4] = Root *
(2)
(b) For annotating the graph by drawing a cobweb diagram starting at N
3 =4 It should have at least two spirals Ml 24
Deduces that the iteration formwla can be used to find an approximation Al 392
for @ because the cobweb spirals inwards for the cobweb diagram T
(2)
(4 marks)




/|

‘\\
p 1] 9
L}
Q5
Question Scheme Marks AOs
(a) f(3.5)=—-48, f(4)=(+3.1 M1 1.1b
Change of sign and function continuous in interval Al 24
[3.5,4] = Root * i
2)
(b) f(x,) 3.099
Attempts x; = x, — = -4
Pls X =Xy ) X 16.67 M1 1.1b
=381 Al 1.1b
y=In(2x-5) 2)
() I F
Ty=30-2
C ¥ % M1 | 3.1la
Attempts to sketch both y = In(2x — 5) and y = 30 — sz
States that y = In(2x — 5) meets y=30— 23{:2 1n just one place,
therefore y = In(2x — 5) = 30 — 2x has just one root =f (x) = 0 has Al 24
Just one root
@)
(6 marks)




Q6

Question
Naiabior Scheme Marks
(@) f'(x)=50x"e™ + 50xe™ oe. MI1AL
Puts £'(x) = 0to give x =-1 and x = 0 or one coordinate dmM1A1
Obtains (0,-16)and (-1. 25¢7-16] cso | At
()
1_lx 2 16 =1x 4 =X
() Puts 25x"¢" —16=0=x ek =:x=:|:;: B1*
(1)
_ 4 _,
(c) Subs x,= 0.5 mto x= ¢ =x=awrt 0.485 MI1A1
= x, =awrt 0.492, x; =awrt 0.489 Al
3)
(d) a=1049 Bl
£(0.485) = —0.487. £(0.495) = (+)0.485 _ sign change and deduction Bl
(2)
(11 marks)

Notes for Question

(a)
M1

Al

Al

Al

No marks can be scored in part (a) unless you see differentiation as required by the question.

Uses v+ uv' . If the rule 15 quoted it must be correct.
It can be implied by their u=...v=...u'=..v'=.. followedby thewr vu'+uv'
If the rule is not quoted nor implied only accept answers of the form Ax"e™* + Bxe™
£'(x) = 50x%e™ + 50xe™.
Allow un simplified forms such as £'(x) = 25x" x2e™ + 50x x ™
Sets f'(x) =0, factorises out/ or cancels the ¢** leading to at least one solution of x
This is dependent upon the first M1 being scored.
Both x=-1and x =0 or one complete coordinate . Accept (0.-16)and {-L 25¢7-16)or

(=L awrt=12.6)

CS0O. Obtains both solutions from differentiation. Coordinates can be given mn any way.

x=-10 y=2—?— 16. — 16 or linked together by coordinate pairs {D.-lﬁ}and(-l. 25:'2-16} but
"

the “pairs’ must be correct and exact.
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Teacher Notes

These Bronze, Silver and Gold worksheets are designed to be used either straight after the content
has been taught or as part of a skills gap analysis, especially as students move into year 13.

They are drawn from the latest specification questions and legacy questions. The papers are
between 25 and 35 marks.

The topic number on this worksheet relates to the corresponding chapter number in the ‘Pearson
Edexcel A Level Mathematics: Pure Mathematics Year 2’ textbook.

Non-Calculator Questions

The new specification allows calculators to be used in all papers. We have, however, put these
questions together with the intention that students can complete them without a calculator. It’s
important for pupils to be able to maintain their non-calculator skills, especially on topics such as
surds or indices, to support question that use the keywords “show that” or “prove”. If you wish to
ease the difficulty slightly then you can, of course, allow students to attempt them with the support
of a calculator.

Quick Links

(Press Ctrl, as you click with your mouse to follow these links)
e Bronze Questions

e Bronze Mark Scheme

e Silver Questions
e Silver Mark Scheme

e Gold Questions
e Gold Mark Scheme

The Platinum Questions below are taken from the Advanced Extension Award. You can use these in
class as high-level problem-solving questions, either with individual students or as group problem
solving exercises. On the Advanced Extension Award students, typically, need to get around 50% to
get a Merit and around 70% to get a distinction.

e Platinum Questions
e Platinum Mark Schemes

Extension and Enrichment

If you have students that have enjoyed the challenge of the Gold questions, then they should have a
go at the more challenging question from our Advanced Extension Award (AEA) papers. The
Mathematics AEA is a single, 3 hour non-calculator paper, taken at the end of year 13. It helps
students to develop high level problem solving and proof skills. It is entirely based on the content of
the A Level Mathematics Course. No extra material needs to be covered to take the AEA in
Mathematics. A second important difference is that marks are awarded for the clarity and quality of
their solution. Developing this key skill, alongside the extra problem-solving experience, can pay
dividends in the way they approach A Level Mathematics and Further Mathematics problems.

More information about the Advanced Extension Award can be found here on the Pearson Edexcel
Website, or here on the Maths Emporium
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Bronze Questions g
Non-calculator

The total mark for this section is 32
Q1

dy -
—=06x 2+X\/;, x>0
dx

Given that y =37 at x = 4, find y in terms of x, giving each term in its simplest form.
(7

(Total for Question 1 is 7 marks)

Q2
The gradient of a curve C is given by

dy _ (' +3)

dx ¥

x =0,
dy 2 -2
(a) Show that —=x"+6+9x".

(2)
The point (3, 20) lies on C.
(b) Find an equation for the curve C in the form y = f(x).

()

(Total for Question 2 is 8 marks)




Q3

VA

Y

Figure 3
Figure 3 shows a sketch of part of the curve C with equation
y=x(x+4)(x—2).

The curve C crosses the x-axis at the origin O and at the points 4 and B.

(a) Write down the x-coordinates of the points 4 and B.

(1
The finite region, shown shaded in Figure 3, is bounded by the curve C and the x-axis.

(b) Use integration to find the total area of the finite region shown shaded in Figure 3.
(7

(Total for Question 3 is 8 marks)




Q4
(a) Find
ﬁﬂﬂxf—zuﬁ
giving each term in its simplest form.

“)

¥

¥

o—__ 1 9 X
Figure 2

Figure 2 shows a sketch of part of the curve C with equation
y=10x(x*—=2), x=0

The curve C starts at the origin and crosses the x-axis at the point (4, 0).

The area, shown shaded in Figure 2, consists of two finite regions and is bounded by the
curve C, the x-axis and the line x = 9.

(b) Use your answer from part (a) to find the total area of the shaded regions.
(6))

(Total for Question 4 is 9 marks)

End of Questions



Bronze Mark Scheme

Q1

Question
Nignbice Schemea Marks

b

xwx=x?|Bl
" -3 J.rr—l M1
3
6 1 x?
y=x +=(+c) Al Al
g 2
<
Use x=4,y=37 to give equationine. 37= 1244 + :(ﬁ]ﬁ +C M1
5
1 :
=>c= = or equivalenteg. 0.2 Al
155 4
(M=12x+=x2 +— Al
5 5
(7 marks)

=

e [ s

Bl xJx=x

. This may be implied by + J? oe in the subsequent work.

2
1 3
M1 x" — 1™ in at least one case so see either x2or x? or both
5
6 3 :
Al One term integrated correctly. It does not have to be simplified Eg. T xlor T
2 2

No need for +¢
Al Other term integrated correctly. See above. No need to simplify nor for +e. Need to see

Fo

+ or a simplified correct version

b | =] e
| '-""| :1_‘[-...

M1  Substitute x =4. y =37 to produce an equation in .

1 ;
Al Correctly calculates c= 5 or equivalente.g. 0.2

1 5 1 1 Z
Al oo y=12x1+ %xl = Allow 5y =60x? + 2x? +1 and accept fully simplified equivalents.

|

L. ¥

= 2 1
eg ¥y=+(60x*+2x*+1) . y=12x +:u|r_1?+;



Q2

%‘:1‘::;:: Scheme Marks
(@) | (x?+3) =x*+3x7 4327 +3° M1
1:_1'2 T ;f 4 6 2 9
\ = L x + '1‘ + =J{2 + ﬁ+93{_: (r) A]. C50 (2}
x” x”
&
(B) | y=—+6x+—x""(+c) MI1 A1 Al
3 _
27
20=""+6x3-+c M1
3
= —4 Al
[y =1%+6x-9x"1-4 Al £t (6)
3
(8 marks)




Q3

Q,“ﬁﬁw Scheme Marks
Number
(a) Seemng —4and 2. Bl
(1)
(b) x+4x—2) = C+IC -8 or X -2 +4x" —8x { without sumplifying) Bl
= 3 2 4 o3 2
j'{f+2r —8dr = i_i{,,r} T ﬁ_m_{“-} M1A1R
3 z 4 3 3 2
4 3 27" ” 4 3 3
.I_.+2i...,BL =m]_[54_.1‘_3._.~54] or L+£,ﬂ =[4+E_.1,5]._m} dM1
T 3 , X F 2L 3
One integral =+ 41% (426 or awrt 427 ) or other integral = + 6% (6.6 or awrt 6.7) Al
2 . 7 2
Hence Area = "rheir'4.*§"+ ".*hefrﬁ?“ or Area = “.*hafri‘rli“— " rheirﬁi" dM1
=45!l mdQ.BWE ['NDT—E} Al
3 3 3
T
(An answer of = 49% may not get the final two marks — check solufion carefully) 0
(8]
Notes for Question
{a) Bl: Need both —4 and 2. May see (-4.0) and (2,0) (correct) but allow (0,4)and (0, 2) or4=4, B=20r
indeed any mdication of -4 and 2 — check graph also
h) B1: Multiplies out cubic correctly (terms may not be collectad, but 1f they are. mark collected terms here)
M1: Tries to integrate their expansion with x™ — x"*' for at least one of the terms
Alft: completely correct integral following through from their CUBIC expansion (if only quadratic or
quartic this 15 AQ)
dM1: (dependent on previous M) substituting EITHER -4 and 0 and subtracting either way round OR
sunilarly for 0 and b, If their limits —a and & are used in ONE integral, apply the Special Case below.
Al Obtain either :42% (or 42.6 or awrt 42.7)from the integral from -4 to 0 ar £ 6% (6.6 or awrt 6.7)
Jiom the integral firom 0 fo 2; NO follow through on their cubic (allow decimal or improper equivalents
*¥
% or ? } 15w such as subtracting from rectangles. This will be penalized in the next two marks,
which will be MOAO.
dM1 (depends on first method mark) Correct method to obtain shaded area so adds two positive
numbers (areas) together or uses their positive value nunus their negative value, obtained from two
separate definite integrals.
Al: Allow 4934933 49333 etc. Must follow comrect logical work with no errors seen.
For full marks on this question there must be two defite mtegrals, from -4 to 0 and from 0 to 2, though
the evaluations for 0 may not be seen.
(Trapezinm rule gets no marks after first two B marks)
(b) Special Case: one integral only from —a to b: BIM1A1 available as before, then
£ oo 17? ., ._,
et LS = (4+E—16} - (64 %0 6—1] = —6—§+422=.,,, dM1 for correct use of their
&3 =y 3 3 3
linuts —a and b and subtracting esther way round.
Al for 36: NO follow through. Final M and A marks not available. Max 5/7 for part (b)

@ Pearson




Q4

i Scheme Marks
Number
May mark (a) and (b) together
(3) | Expands to give 10x* —20x Bl
lﬂ - _Ilzﬂ"x] M]. .A].ﬂ-
Integrates to give —x T+ e (+c)
N £ - Alecao
Simplifies to 4x7 —10x" (+ ¢) @
(b) Use limits 0 and 4 either wav round on their integrated function (mav only see 4 substituted) | [ M1
Use limits 4 and 9 either way round on their integrated function -
Obtains either =+ -32 or = 104 needs at least one of the previous M marks for this to be awarded | Al
4 g
(Soarea= || ydx|+|ydx ) ie 32+194,=226 dd]”'“f%
[ 3 .

[9]

Notes
(a) B1l: Expands the bracket correctly
M]1: Correct integration process on at least one term after attempt at multiplication. (Follow correct expansion or

one slip resulting in 10x* —20x where  may be 1 or $ orresulting in 10x" — Bx . where B may be 2 or 5)

X’ x’

or x* > or x%—>1 and/or x ——.
A A A 2
Al: Correct unsimplified follow through for both terms of their integration. Does not need (+¢)

Al: Must be simplified and correct— allow answer in scheme or 457 ~10x". Does not need (+c)
{b) M1: (does not depend on first method mark) Attempt to substitute 4 into their integral (however obtained but
must not be differentiated) or seeing their evaluated number (usually 32) is enough — do not need to see
MINnus Zero.
dM1: (depends on first method mark in (a)) Attempt to subtract either way round using the limits 4 and 9

Ax9% —Bx9 with 4x4% — Bx4%is enough — or seeing 162 —( -32) {but not 162 —32 }
Al: Atleast one of the values ( 32 and 194) correct (needs just one of the two previous M marks in (b))
ormay see 162 +32 + 32 or 162 + 64 or may be implied by correct final answer if not evaluated until last line
of working
ddM1: Adds 32 and 194 {may see 162 + 32 + 32 or may be implied by correct final answer if not evaluated until
last line of working). This depends on everything being correct to this point.
Alcao: Final answer of 226 not { - 226)

So ¥ =

Common errors: 4x4° —10x 4% +4x97 —10x9” — 4x47 —10x4” =+ 162 obtains M1 M1 A0 (neither 32 nor
194 seen and final answer incorrect) then MO A0 s0 2/5
Uses correct limits to obtain -32 +162 +32 =+/-162 is M1 M1 A1 (32 seen) MO AD so 3/5

Special case: In part (b) Uses limits 9 and 0 =972 - 810 -0=162 MO M1 A0 MOAO scores 1/3
This also applies if 4 never seen.




Silver Questions

Non-calculator

The total mark for this section is 33

Q1

d_y:_x3+4x_—35’ x#0
dx 2x

Given that y=7 at x = 1, find y in terms of x, giving each term in its simplest form.

(6)
(Total for Question 1 is 6 marks)

Q2

Given that a is a positive constant and

j' irldz —In7

show that a = Ink, where £ is a constant to be found.
“4)

(Total for Question 2 is 4 marks)

Q3

A curve C has equation y = f(x).
Given that

e f'(x) =6x?+ ax—23 where a is a constant
e the yintercept of C'is —12
e (x+4)is a factor of f(x)

find, in simplest form, f(x).

(6)

(Total for Question 3 is 6 marks)

X



Q4
Given that kel *.

3k
(a) show that I 2 dx is independent of £,
. (3x - k)
C))
2k 2
(b) show that I—zdx is inversely proportional to £.
% (2x - k)
(©))

(Total for Question 4 is 7 marks)

Q5

d

Figure 4

Figure 4 shows a sketch of the curve C with equation
y= 5x2_ox+11,x > 0
The point P with coordinates (4, 15) lies on C.
The line / is the tangent to C at the point P.
The region R, shown shaded in Figure 4, is bounded by the curve C, the line / and the y-axis.
Show that the area of R is 24, making your method clear.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(10)

(Total for Question 5 is 10 marks)

End of Questions

@ Pearson



Silver Mark Scheme

Q1
Question
Numt Scheme Marks
dy noysty=t _nf 2 Ju -3
& e {2 -
(=) 1., . iyt .{5].. o2 dii Rﬂsesmﬂ;mﬂym:ny m:u_-temi. M1
= —X = —_ T '} ol
y T e ey Aoy e Solom Dok e | nan
r Lo 28 5 Thas 15 not follow through — must be correct
(y=) 4x + D 2 (+c) Al
Giventhat y=7, atx=1then 7=-1-2+3+¢c = ¢= M1
So, (y =) —lJr4 -2x" + Ex'z +c, =8 or (y=) —lx‘ -2x+ Ex'c +8 Al
K 4 4 ¢ R T4
[6]
6 marks
Notes
M1: Expresses as three term polynomial with powers 3, -2 and -3. Allow slips in coefficients.
This may be implied by later integration having all three powers 4, -1 and -2,
M1: An attempt to integrate at least one term so A (not a term mn the munerator or
denonunator)
Alft: Any two integrations are correct — coefficients may be unsimplhified (follow through errors mn
coefficients only here) so should have two of the powers 4, -1 and —2 after mtegration — depends on 2%
method mark only. There should be a maximum of three terms here.
Al: Correct three terms — coefficients may be unsimplified- do not need constant for this mark
Depends on both Method marks
M1: Need constant for this mark. Uses y = 7 and x = 1 n therr changed expression m order to find ¢, and
attempt to find ¢. This mark is available even after there is suggestion of differentiation.
Al: Need all four correct terms to be simplified and need ¢ = 8 here.
Q2
Question Scheme Marks AOs
. t+1 1 .
Writes o dr= 1+; df and attempts to integrate M1 21
=t+Int (+c) M1 | 11b
(2a+]n2a)—(a+].ua}=]n? M1 1.1b
T . 7
a=In— with k=— Al 1.1b
Z 2
(4 marks)
Notes:
M1: Attempts to divide each term by ¢ or alternatively multiply each term by ¢ -
1 . . .
M1: Integrates each term and knows I—dr: Int. The + ¢ is not required for this mark
t
M1: Substitutes in both limits, subtracts and sets equal to In7
7
Al: Proceedsto a= ]_u% and states K =—or exact equivalent such as 3.5
2




Q3

Via firstly integrating

Question Scheme Marks AOs
. 1, M1 1.1b
" — 2, _1 - 3, - 2 _ .
ff(x)=0xr +ax-23=1f(x)=2x 1rur 23x+c Al 11b
"e"=-12 Bl 22a
f{—4j=D:>1x{—4]j—%a[—4]:—23{—1}—12=D dM1 31a
a=...(6) dM1 1.1b
(£(x)=)2x +3x" - 23x-12

Or Equivalent e.g. Alcso 21

(£(x)=)(x+4)(2x* =5x-3) (f(x)=)(x+4)(2x+1)(x-3)

(6)
(6 marks)

M1: Integrates £'(x) with two correct indices. There is no requirement for the + ¢

Notes:

Al: Fully correct infegration (may be unsimplified). The + ¢ must be seen (or implied by the —12)

Bl1: Deduces that the constant term 15 —12

dM1: Dependent upon having done some integration. It is for setting up a linear equation in a by using f{—4) =0
May also see long division attempted for this mark. Need to see a complete method leading to a remainder in
terms of @ which is then set= 0.

For reference. the quotient is 2x~ +

| 22

-
|

1

|
LY

—3};+9—2a and the remainder is 8q— 48

) 3 1 4 ]
May also use (x + )(p- + gx + 1) = 2x° +;m" —23x —12 and compare coefficients to find p, g and r and

hence a. Allow this mark if they solve for p, g and r
Note that some candidates use 2f{x) which is acceptable and gives the same result if executed correctly.
dM1: Solves the linear equation in @ or uses p, g and r to find a.
It is dependent upon having attempted some infegration and used f({+4) =0 or long division/comparing
coefficients with (x + 4) as a factor.
Alcso: For (f{x)=)2x"+3x" —23x-12 oe. Note that “f{x) =" does not need to be seen and ignore any “= 0~



Via firstly using factor

Question Scheme Marks ADs
Alt T LY M1 11b
f(x)=(x 4}[~_=1;1 +B:c+C’] Al 11b
f(x)=Ar +(44+B)x +(4B+C)x+4C = C=-3 Bl 22a

"1} =3, 2 24, T+ r__=__1_ -2
f(x)=34x"+2{44+B)x+(4B+C) and f'(x)=6x" +ax—23 M1 312

— A=
Full method to get 4, B and C dM1 1.1b
f(x)=(x+ 4]{_21‘3 —5x-3) Alcso 21
(6)
(6 marks)
Notes:

M1: Uses the fact that £{x) 15 a cubic expression with a factor of (x + 4)
Al: For f(x) = (x + 4)(dx’ + Bx + O
Bl: Deduces that C=-3

dM]1: Attempts to differentiate either by product rule or via nultiplication and compares to £{(x) = 6% + ax— 23
to find 4.

ddIl: Full method to get 4, B and C

Alcso: f(x) =(x+ N2 - 5x—Nor fxX) =(x +N(2x + Dix - 3)



Q4

Question Scheme Marks AOs
(a) ) 7 M1 1.1a
dr =—In(3x— k)
(Bx—k) 3 Al 1.1b
= 3 2 2
——dx="In(%—k)--In(3k k) dM1 1.1b
; Bx—k) 3 3
2. (8K 2
=1 _‘K =—In4 oe Al 21
3 02€) 3
(4)
(b) 2 1
sdr=— M1 1.1b
(2x—k) (2x—k)
%
2 1 1
——dx=— + dM1 1.1b
¢ (2x—k) (4k—k) (Zk—k)
RN P Al 21
_E \E =.
3)
(7 marks)
(@)
2
M1: ——dr=Aln(3x—k) Condone a missing bracket
(B3x—k)
2 2
Al: dr=—In(3x—k)
(3x—k) 3

Allow recovery from a missing bracket if in subsequent work Aln9% —k — Aln8k
dM1: For substituting & and 3k into their 4 In(3x — k) and subtracting either way around

)
or —In4 oe (ie independent of k)

_ 2. (8)
Al: Uses comrect In work and notation to show that I = —ln(— ‘ 3

3 2)
(b)
M1: j 2 —dx
(2x-k)°

dM]1: For substituting & and 2k mto their

. C
C(2x-k)

and subiracting
r—

Al: Shows that 1t 15 mversely proportional to & Eg proceeds to the answer 1s of the form % with 4 =3

There is no need to perform the whole calculation. Accept from . +L = [ L + 1] P 1 o L)
(3k) (k) L 3 k k

If the calculation 1s performed 1t muost be correct.

Do not isw here. They should know when they have an expression that is inversely proportional to &.

You may see substitution used but the mark 1s scored for the same result. See below

U= Ex—k—:{g} for M1 with linmts 3% and & used for dM1
u




Q5

Question Scheme Marks AOs
1
i M1 31a
ﬂ ZEXZ -9
o 2 Al | L1b
. dy
Substitutes x=4=>—=6 M1 2.1
dx
Uses (4, 15) and gradient = y—15=6(x—4) M1 2.1
Equationof /15 y=6x-9 Al 1.1b
N
AreaR = j [5x2 —9x+1]]—(ﬁx—9)dx M1 3.1a
0
- 15 ’
=[2;xI ——=x +2ﬂx(+c]} Al | 11b
2 L]
Uses both limits of 4 and 0
5 5
5 15 5 15
|:2x2_7x2+20x:| =2x4% ——x 4" +20x4-0 M1 | 21
2 A 2
Areaof R=24 # Al* 1.1b
Correct notation with good explanations Al 25
(10)
(10 marks)




Notes:

1
—9x 411 to a form Ax?+ B

|

()

M1: Differentiates 5x
dv_15

Al: = x? —9 but may not be simplified

M1: Substitutes x =41n their % to find the gradient of the tangent
M1: Uses their gradient and the point (4, 15) to find the equation of the tangent
Al: Equationof/isy=6x-9

4 3
M1l: UsesAreaR= J (5x5 —9x+1 1]—(6.7(—9)(11( following through on theirr y=6x-9
0

Look for a form Ax2 + Bx® +Cx

"3

[

4
Al: =|: x? —%  + 20x(+c):| This must be correct but may not be simplified
- li]
M1: Substitutes in both linuts and subtracts
Al*: Correct area for R = 24
Al:  Uses correct notation and produces a well explained and accurate solution. Look for
e Correct notation used consistently and accurately for both differentiation and
integration
e Correct explanations in producing the equation of /. See scheme.
e Correct explanation in finding the area of R. In way 2 a diagram may be used.

Alternative method for the area using area under curve and triangles. (Way 2)
4 3 5 4
M1: Areaunder curve = J (5;{5 —9x+1 1] =|:A_:(E + By’ +l’_'.‘x:|

o ]

4
x'+1 1x:| =36
0
M1: Ths requires a full method waith all triangles found using a correct method

Al =|:2x5 -

1 | o

i -

. .3 . .
Look for Area R = their 36 —%xli P [4— their E}+%x their 9x then‘%




Gold Questions

Non-calculator

The total mark for this section is 34

Q1
- x
(i) Find j In (E]dx .
“4)
(i) Find the exact value of j-sinz xdx.
:
(5)

(Total for Question 1 is 9 marks)

Q2
Given that 4 is constant and
f[zﬂ + A)dv = 2.4°

show that there are exactly two possible values for 4.

S))

(Total for Question 2 is 5 marks)




Q3

-1. ‘I

=Y

Figure 2
Figure 2 shows a sketch of part of the curve with equation y = x(x + 2)(x — 4).

The region R; shown shaded in Figure 2 is bounded by the curve and the negative x-axis.

(a) Show that the exact area of R; is ? .

C))
The region R; also shown shaded in Figure 2 is bounded by the curve, the positive x-axis
and the line with equation x = b, where b is a positive constant and 0 <b < 4
Given that the area of R; is equal to the area of R»
(b) verify that b satisfies the equation
(b+2)* (3> —20h+20)=0
C))
The roots of the equation 36% — 20b + 20 = 0 are 1.225 and 5.442 to 3 decimal places.
The value of b is therefore 1.225 to 3 decimal places.
(c) Explain, with the aid of a diagram, the significance of the root 5.442
2

(Total for Question 3 is 10 marks)




Q4

VA

1 /
““Rxaﬂhffﬁeae}

R

[
el

oM “‘x}

Figure 2
Figure 2 shows a sketch of part of the curve C with equationy=xInx, x>0
The line / is the normal to C at the point P(e, )
The region R, shown shaded in Figure 2, is bounded by the curve C, the line / and the x-axis.

Show that the exact area of R is 4e*> + B where A and B are rational numbers to be found.
(10)

(Total for Question 4 is 10 marks)

End of Questions



Gold Mark Scheme
Q1

Question , :
Number Scheme Marks
1
;|,r=||:|_[.i.J = %_%__
@ | |m(s)ar = ‘[l.ln[j:]d: = T
* ﬂ =1 = V=X
 dx
Use of “integration by parts’
| In($)dr = xln($)- |x— d formmula mﬂ:_,-ii:;: M1
Correct expression. | Al
( [ An attempt to multiply x by a
=xln|$|-|1ldx ; 3
*in(%) ..|_ candidate’s £ or -Lor 1. dM1
=x]n[§:]—.1'+c Correct integration with + ¢ | Al aef
[4]
4-_‘ \
(11) sin” x dx
. . - 2 R Consideration of double
[NB: cos2x=+1+2sin’ x gives sin®x =" | anele formula forsin® x | M1
f1-cos2 £
= I lc%dx =%I (1—cos2x) dx
Integrating to give -
1r . £ tax +hsin 2y ;
=—| x—%smﬁx] .
aL— s Correct result of anything
equivalent to 1 x—1sin2x Al
_tf [z = - _ =
- T[QT 2)-(5-5 ] Substitutes limits of £ and £
and subtracts the correct way | ddM1
~ round.
‘%[':l:_ﬂ:' -3 ]
=3(§+1) =§+3 Hitd) or §4% | Avaet
Candidate must collect their [5]
O term and constant term
together for Al
9 marks




Question

Number Scheme Marks
Aliter
@ | [w(2)dr = [(lwx-1m2)de = [ — [1m2
- Jm[ij dr = |(lnx—1a2)dr J]n.'r dx J]n; dx
[ d
. ju=lnx = d._u =1
|].1.1.rd.x=j1.].uxdx::> ! :
J v
—=1 = v=x
Lax
a Use of “integration by parts’
| Inx dx = J:IJ.l;vc—jx._—Lr dx formula in the correct | M1
- direction.
rlmr—ric Correct i.l:.negrﬂtic:n of Inx Al
with or without + ¢
[]n? dr = vin2<c Coi‘rectil:.negrmic!n of In2 Mi
J with or without + ¢
Hence, | lﬂ(f] dr =xlnx—-x-xln2+e Correct integration with + ¢ | Al aef
[4]
Questmg Scheme Marks
Number
Aliter
“;_:'I']: J{ sin’ x dr = ‘L_sm xsmmxde and = ] sin® x dx
u=siny = &=cosx l
£=sinx = v=-cosx|
L J= 'F—Sj.tl.‘{'CO'.‘_-.I+JC05“ . d).l An attempt to use the M1
i } cotrect by parts formula. |~
~I= -t—sinxcosx+‘[[1—siu:x:jdx}
| siny drx= {—sin_rcosx+‘[1 dr — | sin’ x d.x}
E|siu‘1xdx=[—smxcosx+‘[l dx} For the LHS becoming 27 | dM1
El sin’ x dy = {—siux-:nsx+ x}
| sinly dre {—%smxcosx+ %] Cotrect integration | Al
4 - / =y i oy " - x
J in?x do= |:| —Lsin(Z)cos(Z) + 111 _ L—-}&in{::}cns{::)+ ii‘] i| Substitutes limits of §and
§ b ! i Z and subtracts the | ddM1
= [(0 +3 - (-3¢ *E)] correct way round.
=f+3 $lr+2) or F+4 | Al aef

Candidate must collect
their p1 term and constant
term together for Al




Q2

Question Scheme Marks AOs
(35" +.4) dr =2x" + 4x(+c) ML 3 1a
Al 1.1b
Uses limits and sets = 2.4 = (2x8+44)—(2x1+4)=24" M1 | L1b
Sets up quadratic and Sets up quadratic and attempts . L1b
attempts to solve b —4ac )
7
— A=-2, — and states that | States b* —4ac =121> Oand hence
Z there are two roots s 24
there are two roots
(5 marks)

Notes:

M1:

Al:

M1:

Mi1:
Al:

Integrates the given function and achieves an answer of the form o +Ax(+c] where k 15

a non- zZero constant
Correct answer but may not be simplified

Substitutes in limits and subtracts. This can only be scored if j.A dx = Ax and not =

Sets up quadratic equation in 4 and either attempts to solve or attempts b” —4ac

Either 4=-2, % and states that there are two roots

Or states b” —d4ac =121> 0and hence there are two roots

2

2




Q3

Part | Worlking or answer an examiner might | Mark | Notes
expect to see
(a) |y=xx+2x—-4=x"-2x—-8 Bl | This mark 1s given for expanding
brackets as a first step to a solution
v_xj_zx: Y M1 This mark 1s given for a method to find
5 the exact are of R,
_ lxd'—zx':——Ix‘ ) M1 | This ma:kis.given for a method to
3 2 evaluate the integral
-16 20 . .
=0-{4—- — —-16)="— Al This mark 15 grven for a full method to
3 3 show the exact value of R;
® | Llp-Zp_ap=-2 M1 | This mark is given for deducing the area
4 3 20
Dng =
3
36— 86 — 4802 +80=0 Al | This mark 1s grven for rearranging the
equation to a quartic
(b+2)2 (35 — 206+ 20) M1 | This mark 1s given for expanding the
= (B + 4b + 4)(3b2 — 205 + 20) equation given
=30 — B0 — 4802 +80=0 Al | This mark 1s for showing, and stating,
The two equations are the same, so verified that the equations are the same
(c) 1.‘ Bl This mark 15 grven for a sketch of the
' curve with b = 35442 shown
1."‘
5442 '
Between x =—2 and b= 5442 _the area B1 This mark 15 grven for a valid
above the x-axis 1s the same as the area explanation of the significance of the
below the x-axis root 5.442

@ Pearson



Q4

Question Scheme Marks | AOs
C:y=xlnx; /is anormal to Cat Ple, €)
Letx, be the x-coordmate of where [ cuts the x-axis
; 2
Y _ ]nx+x;l| [=1+Inx) Ll 2
dx x Al 1.1b
1 1
x=e.mr=212=my=——=)y-e= —;(.\'—e)
1 2 - M1 jla
:I.'=C|:}—E‘=—?'I:JL'—E) = x=..
[ meets x-axis at x =3e (allow x=2e+elne) Al 1.1b
{Areas:} either | rlnxdy = [ ]: =_.. or %{{Thei: x4)—ele M1 21
| L
: J‘xh';rdx = l lx: Inx - Il TT_ .' "l.d‘f} M1 21
2 x{ 2]
P11 o | f 1 My . dM1 1.1b
= — - —_ — t — I—
| 2.1 X sz, 1}| 2.'v: X——Xx Al 116
Al . 1 .
Area(R)=| xlnxdy =[ .. | = ... ; Area(R,) =—((their x,) —e)e
®)=| [ -] (Ry) = ((their x,) —<) i | i
and so. Area(R) = Area(R) + Area(R,)  {=1e’ +i+e’}
Area(R)=3e’+ 1 Al 1.1b
(10)




Notes for Question

M1: Differentiates by using the product rule to give Inx + x(their g'(x)), where g(x)= Inx
Al: Correct differentiation of ¥ =xInx, which can be un-simplified or simplified
M1: Complete strategy to find the x coordinate where their normal to C at P(e, e) meets the x-axis

ie Sets =01 y—e=my(x—e)to find x=...
Note: My 15 found by using calculus and M, = w1,
Al: [ meets x-axis at x = 3e, allowing un-sumplified values for x such as x=2e +elne
Note: | Allow x=awit 8.15
M1: Scored for either

L]
* Areaunder curve = [ xlnxdr = [ ]; = ____with limits of e and 1 and some attempt to
#]
substitute these and subtract
: 1 . . .
s or Area under line = ;{{rhen' x,) —e)e. with a valid attempt to find X,

M- Integration by parts the correct way around to give A lnx— IE L1 [{dx}: 4=0.8>0
dM1: | dependent on the previous M mark

Integrates the second term to give +ix ;A =0
Al: l.\'j Inx —lxj

2 4
M1: Complete strategy of finding the area of R by finding the sum of two key areas. See scheme.
Al: | 2ef+d
Note: Area(R,) can also be found by integrating the line / between limits of e and their I,

their x,
. 1 ) 3 ) thesr 1,
ie. Aren{Rl}=J‘ | —SX+e lae=[ . [ =
. 2 2

Note: Calculator approach with no algebra. differentiation or integration seen:

» Finding / cuts through the x-axis at awrt 8.15 1s 2 M1 2™ Al

+ Finding area between curve and the y-axis between y=1 and x=e
to give awrt 2.10 is 3™ M1

s Using the above information (must be seen) to apply

Area(R) =2.0972...+ 7.3890... = 9.4862... is final M1

Therefore, a maxinmm of 4 marks out of the 10 available.




Platinum Questions

Calculator

The total mark for this section is 27
Q1

(a) On the same diagram, sketch y = x and y = \x, for x > 0, and mark clearly the coordinates
of the points of intersection of the two graphs.

2

(b) With reference to your sketch, explain why there exists a value @ of x (a > 1) such that

Jax dx = Ja\/x dx.

2
(¢) Find the exact value of a.
C))

(d) Hence, or otherwise, find a non-constant function f(x) and a constant b (b # 0) such that

j f(x) dx = J VIf(x)] dx.

@)

(Total for Question 1 is 10 marks)




Q2
fx)y=x—-[x], x=0
where [x] is the largest integer < x.

For example, (3.7)=3.7-3=0.7; f(3) =3 -3 =0.
(a) Sketch the graph of y = f(x) for 0 < x <4.

p
(b) Find the value of p for which J f(x)dx=0.18.
2

Given that g(x)zL, x>0, k>0,
1+ kx

and that x, = % is a root of the equation f(x) = g(x),

(¢) find the value of k.

(d) Add a sketch of the graph of y = g(x) to your answer to part (a).

The root of f(x) = g(x) in the interval n <x <n + 1 is x,, where 7 is an integer.

(e) Prove that

2x2 —(@2n—xy—(n+1)=0.

(f) Find the smallest value of n for which x, —n <0.05.

€))

©))

@)

)

“)

C))

(Total for Question 2 is 17 marks)




Platinum Mark Scheme

Q1
%‘ Relabie tkqf:s ;Bi
94p ' !
SO e (80) F»-fl\'d ;
Cand (L : Bl
(2)

cOn daxes o OKL,

B a irecse from | Rz iaciass, )iaﬁ?“h:{.g regins | B
(-Lw.-. a Je H.:.,l' ﬁ.ﬂ.? R' H«c.\ actns 6;:\“&1”-\ of ool
wll agument Riy, (2)
m:.l"kc lame.
: e Al 2] Allemph b Al
- L= L - _1_ 1 . % HI
(©y jo x dx -‘I\oxA(,) [9’]'9 [ax]o -"j‘?c‘,ﬁnb
. f} corvest cynt'on nal Al
L aft.Y% o Hi,f"ifi épiuc ™Mi
6 A
) (&)
‘rmﬂa.’('e -%-a- & .
Fl.x\:?c-t%- %+ & = Hx) (1T
TE—— {ﬂm,n.'nh.ir{c Hk}r.[r)
b= -1 =G Gir ['2} -
q a~
J‘H-\g\'-— . @

[(‘ (r:ﬂ and o) - ’k-fﬂ . e B oaly



Q2

Question

Scheme Marks
Number
b. _fa) General shape M1
Ya Marking 1 on v-axis Al
Totally correct (allow dotted Al _(3)
/ vertical line but not full)
0 1 2 p 3 3 "
b4 ]
()| [fddx = area of shaded triangle or [ (x — 2)dx M1
= Lpoap Al
2
Setting equal to 0 18 to give p=26 Al _(3)
1
Smallest root occurs where =x
2 1+ ox Ml
Settingx =% = k=2 (allow with no working) Al ()
(d) | Sketch of v = g(x) superimposad on v = f(x) — see above B1 (1)
(e) | Seluttoninn <x <n+1: 1 =x,—n M1 Al onk
1+2x,
= 2x'—2u-Dx—(n+D=0 cs.o. *_[MI evenif [x] for #] MIAl _($
(/) | Method using (&)
_\_=2n—1+\j(2n—l)‘ +8(n+1) _ n—1+.j4n" +4n+9 Ml
4 4
In—l+a|'4n: +4149 .

1 <n+005_[.f4n" +4n+9 < In+12] Al
=08r=75%6 = n=1 MIAl _(d
Alternative : =x_—-n = <0.05

Alt | Aldernaiive 2 112, " 1+2x, M1 A1
c013=095 - =95 (=945 n=10 MI1; Al
[Equality throughout lose final A1] (17 marks)
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Teacher Notes

These Bronze, Silver and Gold worksheets are designed to be used either straight after the content
has been taught or as part of a skills gap analysis, especially as students move into year 13.

They are drawn from the latest specification questions and legacy questions. The papers are
between approximately 25 and 35 marks.

The topic number on this worksheet relates to the corresponding chapter number in the ‘Pearson
Edexcel A Level Mathematics: Pure Mathematics Year 2’ textbook.

Non-Calculator Questions

The new specification allows calculators to be used in all papers. We have, however, put these
questions together with the intention that students can complete them without a calculator. It’s
important for pupils to be able to maintain their non-calculator skills, especially on topics such as
surds or indices, to support question that use the keywords “show that” or “prove”. If you wish to
ease the difficulty slightly then you can, of course, allow students to attempt them with the support
of a calculator.

Quick Links

(Press Ctrl, as you click with your mouse to follow these links)
e Bronze Questions

e Bronze Mark Scheme

e Silver Questions
e Silver Mark Scheme

e Gold Questions
e Gold Mark Scheme

The Platinum Questions below are taken from the Advanced Extension Award. You can use these in
class as high level problem solving questions, either with individual students or as group problem
solving exercises. On the Advanced Extension Award students, typically, need to get around 50% to
get a Merit and around 70% to get a distinction.

e Platinum Questions
e Platinum Mark Schemes

Extension and Enrichment

If you have students that have enjoyed the challenge of the Gold questions, then they should have a
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Bronze Questions

Non-calculator

The total mark for this section is 20

Q1

[In this question the unit vectors i and j are due east and due north respectively.]
A stone slides horizontally across ice.

Initially the stone is at the point A(—24i — 10j) m relative to a fixed point O.

After 4 seconds the stone is at the point B(12i + 5j) m relative to the fixed point O.

The motion of the stone is modelled as that of a particle moving in a straight line at constant
speed.

Using the model prove that the stone passes through O.
2

(Total for Question 1 is 2 marks)

Q2

Given that the point 4 has position vector 3i — 7j and the point B has position vector 8i + 3j,
(a) find the vector AB.

2
(b) Find |ﬁ| . Give your answer as a simplified surd.

2

(Total for Question 2 is 4 marks)




Q3

Given that the point 4 has position vector 4i — 5j and the point B has position vector —5i —2j,

(a) find the vector AB,
(2)

(b) find |Z)§| . Give your answer as a simplified surd.

@)

(Total for Question 3 is 4 marks)

Q4

Relative to a fixed origin O, the point A4 has position vector i - 3j + 2k and the point B has
position vector -2i + 2j - k. The points 4 and B lie on a straight line /.

(a) Find 4B .

2
(b) Find a vector equation of /.

2
The point C has position vector 2i + pj- 4k with respect to O, where p is a constant. Given
that AC is perpendicular to /, find
(c) the value of p,

C))
(d) the distance AC.

2

(Total for Question 4 is 10 marks)

End of Questions



Bronze Mark Scheme

Q1
Question Scheme Marks AOs
(a) Attempts to compare the two position vectors.
Allow an attempt using two of AO.OB or AB M1 1.1b
Eg (-24i-10j)=-2x (12i+5j)
Explains that as A0is parallel to OB (and the stone is Al 24
travelling in a straight line) the stone passes through the point O. -
(2)
Q2
Question Scheme Marks AOs
@ Attempts AB=0B—0A or similar M1 1.1b
AB=5i+10j Al 1.1b
2)
() Finds length using Pythagoras' |4B|=f(5)7+(10)’ M1 1.1b
|4B| =53 Alft | 11b
2)
(4 marks)
Notes
(a) MI1: Attempts subtraction but may omuit brackets
Al: cao (allow column vector notation)
(b) M1: Correct use of Pythagoras theorem or modulus formula using their answer to (a)
Alfi: |AB‘| =55 ft from their answer to (a)
Note that the correct answer implies M1A1 in each part of this question




Q3

Question Scheme Marks | AOs
@ Attempts AB=0B—0A or similar Mi 1.1b
AB =-9i +3j Al 1.1b

@)
(b) Finds length using 'Pythagoras' |4B|=[(=9)" +(3)’ M1 1.1b
|4B| =30 Alft 1.1b

@)

(4 marks)
Notes
(a)

M1: Attempts subtraction either way around.
This may be implied by one correct component AB =29+ 3]
There must be some attempt to write i vector form.

Al: cao (allow column vector notation but not the coordinate)

-9 91
Correct notation should be used. Accept —91+3j or { 3 ] but not [ 3; J
[ J

(b)

M1: Correct use of Pythagoras theorem or modulus formula using their answer to (a)

Note that |AB‘ = .J(Q)' +(3)" 1s also correct.

Condone missing brackets in the expression |AB‘| = 1}'—95 +(3)
Also allow a restart usually accompanied by a diagram.
Alft: |AB| =310 ft from their answer to (a) as long as it has both an i and j component.

It must be simplified, if appropriate. Note that +3./10 would be M1 A0

Note that, in cases where there is no working, the corrvect answer implies MI1AI in each part of
this question




Q4

Question
R B Scheme Marks
()| AB=-2i+2j-k—(i—3j+2k)=-3i+5j-3k M1 A1 (2)
(b) | r=i-3j+2k+2(-3i+5j—3k) M1 ATt (2)
or r=-2i+2j-k+A(-3i+5j-3k)
() | AC=2i+ pj—4k—(i-3j+2k)
—i+(p+3)j-6k or CA | Bt
1 (-3
ACAB=|p+3|| 5 |=0 M1
-6 )\ -3
—3+5p+15+18=0
Leading to p=-6 M1 A1 (4)
(d) | AC* =(2-1)’ +(-6+3)" +(—4-2)" (=46) M1
AC =446 accept awrt 6.8 | Al
2)
[10]




X

Silver Questions

Non-calculator

The total mark for this section is 34

Q1

A

Figure 7
Figure 7 shows a sketch of triangle OA4B.

The point C is such that OC = 204.
The point M is the midpoint of 4B.
The straight line through C and M cuts OB at the point N.

Given OA=a and OB =b
(a) Find CM interms of aand b

(2)
(b) Show that ON = (2 — %ﬂj a+ %ﬂb , Where A 1is a scalar constant.

(2)
(c) Hence prove that ON: NB=2:1

(2)

(Total for Question 1 is 6 marks)




Q2

Relative to a fixed origin O,
the point 4 has position vector (2i + 3j — 4k),
the point B has position vector (4i — 2j + 3Kk),

and the point C has position vector (ai + 5j — 2Kk), where a is a constant and a <0

D is the point such that AB=BD.
(a) Find the position vector of D.

2
Given |A—C] =4
(b) find the value of a.

(&)

(Total for Question 2 is 5 marks)

Q3

Relative to a fixed origin O, the point 4 has position vector (10i + 2j + 3k),
and the point B has position vector (8i + 3j + 4Kk).

The line / passes through the points 4 and B.

(a) Find the vector AB

(2)
(b) Find a vector equation for the line /.

(2)
The point C has position vector (3i + 12j + 3Kk).
The point P lies on /. Given that the vector CP is perpendicular to /,
(c) find the position vector of the point P.

()

(Total for Question 3 is 10 marks)




Q4

With respect to a fixed origin O the lines /1 and /> are given by the equations

1y (-2 -5\ (q)
I; r=| 2 |+4| 1 Iy r=|11|+4 2
17) |4 r}] \2)

where 4 and u are parameters and p and g are constants. Given that /; and /> are perpendicular,

(a) show that ¢ = —3.

(2)
Given further that /; and /, intersect, find
(b) the value of p,
(6)
(c) the coordinates of the point of intersection.
(2)
9
The point A4 lies on /; and has position vector | 3 |. The point C lies on L.
13
Given that a circle, with centre C, cuts the line /; at the points 4 and B,
(d) find the position vector of B.
3)

(Total for Question 4 is 13 marks)

End of Questions



Silver Mark Scheme

Q1
Part | Working or answer an examiner might Mark | Notes
expect to see
C
A
Q N B
(a) a‘u=a+ﬁ=a+lrg M1 Thisma:kisgivmgamethodtofmd
2 an expression for CM
E‘U=—a+l(h—a}=—ia+lb Al ﬂﬁsma:kisgifooracnnect
2 2 2 expression for CM mtermsofaandb
(b) ON=0C+CN=0C+iCM M1 | This mark is given for a method to find
an expression for ON
ON = 7a + ), : E At lb) Al | This ma..tl{ is given fjor a correct
.2 2 ) expression for ON in terms ofaand b
= | 2—3;:}“ f lﬂb
o2 w2
(c) (.3 } _ 4 M1 | This mark is given for deducing that the
EKE_E"‘J, =050 "_E coefficient of a = 0 and finding a value
for A
ON =0xa+2h Al | This mark is given for finding ON and
3 giving a valid conclusion
Hence ON:NB= -1 =21
j 3
(Total 6 marks)




Q2

Question Scheme Marks | AOs
04 =2i+3j—4k, OB=4i—2j+3k. OC=ai+5j— 2k, a<0
AB=BD. |AB| —4
(a) Es OD=0B+BD=0B+ AB
or OD=0B+BD=0B+AB=0B+0B-04=208-04
or OD=0B+BD=0B+AB =04+ AB+ AB=04+24B
A (4 [ 2 { N 2 1
=|—-2|+|—2 - 3| 9= —2;+;—5
3) 1 3] |-4) L3 7] J
P R _ M1 3.1a
2 4--2-[:2-'2-]
or = 3;—2 —2 —;3 -=;3+2—5
—4 | 3) -4/ { -4/ 1 7] J
[ 6)
= =7 or 6i-7j+10k Al 1.1b
| 10
2)
(h) @-2*+G-3+(2-—)’ M1 1.1b
4 1 2 ) 1 1
AC =4 = (@2 +(5-3) +(2——49'=(4)
4 R ) dM1 | 21
=(a-2y =8=a=.. or =a -4da-4=0=a=_.
(as a<0=>) a=2-242 (or a=2-8) Al 1.1b
3)
(5 marks)




Notes for Question

(a)

M1: Complete applied strategy to find a vector expression for oD

Al: See scheme

Note: | Give MO for subtracting the wrong way wrong to give e g
(4 —2j+3K) + (2i+3j—4K) — (4i—2j+3k) = (4i—2j+3K) + (2i+5j—7K) = (2i+3j—4k)

Note: | Writinge.g. OD = 0B+ AB or OD = 20B — 04 with no other work is M0

Note: Finding coeordinates, 1.e. (6, — 7, 10) without reference to the correct position vectors 15 AD

Note: | Allow M1A1 for wrting down 6i —7j + 10k with no working

Note: | M1 can be implied for at least two correct components in their position vector of D

(b) _ .

M1: Finds the difference between 04 and OC, then squares and adds each of the 3 components
Note: Ignore labelling

dM]1: | Complete method of correctly applying Pythagoras® Theorem on |AC| =4 and using a correct
method of solving therr resulting quadratic equation to find at least one of a = _.

Note: | Condone at least one of esther awrt 4.8 or awrt —0.83 for the dM mark

Al: Obtains only one exact value, a=2—-2.2

Note: | Writing a =2 + 2.2 . without evidence of rejecting a =2+ 2+f2 1s AD

Note: | Allow exact alternatives such as 2—+f8 or 4_;‘5 for Al, and 1sw can be applied

Naote: Writing @ =—0828 __, without reference to a correct exact value 15 A0




Q3

Sirmier i Marke
== (&) (10} (2
(a) ,:LB=;3:— 2 = 1 M1ALl (2)
i SR
r'lﬂ'r! 2y Coy .."_2‘-
(b) r=| 2 |+¢ 1 r=|3 +i| 1 M1 Alft (2)
35 4} L\ 1)
o (10-28Y [(3Y (7-28)
(c) CP=| 2+t¢ I= 12 [= :—m: — M1 Al
L3+ ) L3 i -}
(7-28) (-2
i—10 | 1|=-14+4f+1-10+1r=0 L M1
T B
Leading to t=4 Al
10-8Y [2)
Position vectorof Pis | 2+4 |= '5‘ | | M1 AL (6)
\3+4) |7}
[10]
Alternative working for (c)
i ;"S—Er" (3} {528}
CP=; 3+t & 12 |=| t-9 ; — M1 Al
\4+1 ) |3 ) t+1 )
(520 (-2
; -9 ; 1;=—1{}—4f+r—9+r—1={} L M1
Vil } 1)
Leading to i=3 Al
8-6Y )
Position vector of Pis | 3+3 |= 6‘ H MLAL (6)
\4+3) \7)




Q4

Question
Humi Scheme Marks
{a) |d;=-2i+j-4k , d,=gqi+2j+2k
-2 (¢ Apply dot product calculation
Asidiedy = 1 o 2| b= (=2xg)+(1x2)+ (=4 2) between two direchon vectors, | M{
—a) 2 e (-2xg)+(1x2) + (4x2)
dedy =0 = -2g+2-8=0 Sets dyod; =0
Al cso
~lg=0 = g=-3 AG and solves to find g = -3
(2)
(b) | Lines meet where:
11 -2 -5 g
2 +Al 1 | =11 |+pm|2
17 -4 P 2
i: 11-24 =—5+gu¢ (1 Need to see equations
Fisttwoof j- 2+4 =11+2u  (2) (1) and ). |y
k:17-44 = p+2u  (3) {(Note that g=—3 )
it = o Attempts to solve (1) and (2) to
M+ pves: 15=1T+u = u=-2 find one of either 3. orp dm1
Anyoneof A=5o0r p==2 | A1
) : 2a+d=11-4 = A=5 A
e | Both A=5and u=-2 | Al
Attempt to substitute their 4
(3 = 17 -4(3) = p+2-2) and g into their k component to | ddM1
give an equation n p alone.
= p=17-20+4 = p=1 p=1|Al cs0
(6)
ok O i W Substitutes their value of &
v or
)| r={2|+5 1| or b=f11|-2] 2 o Vo kB oy, | Y
17 -4 1 2
1 1
Intersectat r=| 7 | or (1,7,-3) 7| or(l,7,-3) | a1
-3 -3
@
Question
Humber Scheme Marks
{d) | Let OX - i+ 7j — 3k be point of intersection
o e 1 Y [ -8 Finding vector A¥ by finding the
AN =0 -04=| 7 | - = 4 difference berween OX and 04 . | M1 +
=3 13} |16 Can be ft using candidate’s OX
OB =04+ 4B = Od + 24X
9 -8
Of =3 |+2 4 3+2ﬂ:.e|IAX dmiy”
13 -16
-7
B R -?1+1]]-l'}k
Hence, OF —[ ll}m OB =-Ti +11j—19k [—19] A
-12
e =7.11,-19)
(3)
(131




Gold Questions

Non-calculator

The total mark for this section is 42

Q1

VA
' _ /j Not to scale

=Y

/D

Figure 3
The circle C has centre 4 with coordinates (7, 5).
The line /, with equation y = 2x + 1, is the tangent to C at the point P, as shown in Figure 3.
(a) Show that an equation of the line P4 is 2y + x =17

(©))
(b) Find an equation for C.

C))
The line with equation y =2x + k, k# 1 is also a tangent to C.
(c) Find the value of the constant k.

3)

(Total for Question 1 is 5 marks)




Q2

Figure 1

The points 4, B and C have position vectors a, b and c¢ respectively, relative to a fixed origin

O, as shown in Figure 1.

It is given that

a=itj,b=3i—-j+tkandc=2i+j— k.

Calculate
(@) bxe,

(b) a.(bx¢),

(c) the area of triangle OBC,

(d) the volume of the tetrahedron OABC.

(€))

(€))

2

0y

(Total for Question 2 is 8 marks)




Q3

Figure 1

The points 4, B and C have position vectors a, b and ¢ respectively, relative to a fixed origin

O, as shown in Figure 1.
It is given that

a=i+j,b=3i—j+rkandc=2i+j k.

Calculate
(@) bxe,

(b) a.(bxc),

(c) the area of triangle OBC,

(d) the volume of the tetrahedron OABC.

©))

@)

@)

)

(Total for Question 3 is 8 marks)




Q4

Figure 1
Figure 1 shows a pyramid PORST with base PORS.
The coordinates of P, Q and R are P (1,0,-1), O (2,-1, 1) and R (3, -3, 2).
Find

(a) POx PR,
3)

(b) a vector equation for the plane containing the face PORS, giving your answer in the form
r.n=d.

2
The plane /7 contains the face PST. The vector equation of /7 is r.(i — 2j — 5k) = 6.
(c) Find cartesian equations of the line through P and S.

)
(d) Hence show that PS is parallel to OR.

(2)
Given that PORS is a parallelogram and that 7 has coordinates (5, 2, —1),
(e) find the volume of the pyramid PORST.

(&)

(Total for Question 4 is 15 marks)

End of Questions

@ Pearson



Gold Mark Scheme

Q1
Question Scheme Marks AOs
(@) : 1
Deduces that gradient of P4 1s 3 M1 22a
Finding the equation of a line with gradient "—%" and pomt (7.5)
) M1 1.1b
y—3= —%(x—?)
Completes proof 2v+x=17* Al* 11b
3
() Solves 2y+x=17and y=2x+1 simultaneously M1 21
P=(3.7) Al 1.1b
Length PA=[(3-7) +(7-5)" =(+/20 M1 1.1b
Equation of C is (x—7)" +(»—5)" =20 Al 11b
“@
© Attempts to find where v =2x+Fk meets C using OA+PA i 1ia
Substitutes their {11,3] in _}‘=2I+k to find & M1 21
E—_19 Al 1.1b
&)
(10 marks)
Q2
?JL:}E.-.:EE: Scheme Marks
(a) bxe=0i+5j+5k M1 A1 A1
(3)
(k) a(bxe)=0+5=5 M1 AT ft
(2)
fc) Area of triangle OBC = 15j+5k|= 22 e
(d) Volume of tetrahedron = x5=2 B1 ft
(1
[8]




Q3

Question
it Scheme Marks
(a) bxe=0i+5j+5k M1 AT A1
(3)
(b} 1Y fo
albxel=|1 (|5 [=0+5+0=5 M1 Alft
0/1l5
(2)
(e} Area of triangle OBC = L[5j+5k|= $4/2 oe M1 A1
2)
(d) Volume of tetrahedron = %xﬁ =% B1 ft
(1)
[8]




Q4

IE or % instead of % , but method otherwise correct: M1 AD AQ

Number
@ | po=i-j+2k PR=2i-3j+3k Bl
i j K
POxPR=[1 -1 2[=3i+j-k M1 Al (3)
2 =3 3
)| r.@Gi+j-ky=(-k.Gi+j-k [may use OO0 or OR] | M1
r.Bi+j-kK)=4 0.e. ft from (a) | Alfi(2)
{c) Ix+y—z=4(),x—2y—52=06(ii)
(i) » 2+ (iiy Tx—Tz=14, x=z+2 (M: Eliminate one variable) | M1
In (i) 1+2-2y-52=6, y+2=-2z (M: Substitute back) | M1
Lx=z+2andy+2=-2z oe (y=2-1x) LAl
{Two correct ‘3-term’ equations)
x—-2 y+2 =z . .
= =-— o (M: Form cartesian equations) | M1 Al (5)
o 2 .
(d) Writing down direction vector of PS from part (). M1
OR =i-2j+k = PS ~.PS 1 QR (or cross-product = 0) | Al (2)
(€) | PT =4i+2j (or OT =3i+3j-2k or RT =2i+5j-3k)
Volume = %|Exﬁ.ﬁ‘l= %l(?.-i +j—K). (4 +2§) ft from (a)
— — _ — S — M1 Alft
(Instead of PPx PR, itcouldbe PQx QR or PRx OR)
=laa+2
3
=42 oe. Al(3)
(15)
| (a) If both vectors are ‘reversed’, BO M1 Al is possible
(c) Alternative:
i 3 1
Direction of line; | =2 »| 1 |=7] -2 M2 Al
-5 -1 1
Through P (1,0,—1): "T'lziz:zT” M1 Al
() Alternative:
4 2 j
%1 —1 2] gives M1 Al directly. Here fi from 1" line of part (2).
2 -3 3
Special case:




Platinum Questions

Non-calculator

The total mark for this section is 26

Q1

Points 4 and B have position vectors a and b, respectively, relative to an origin O, and
are such that OAB is a triangle with O4 = a and OB = b.

The point C, with position vector ¢, lies on the line through O that bisects the angle AOB.

(a) Prove that the vector ha — ab is perpendicular to c.

C))
The point D, with position vector d, lies on the line 4B between 4 and B.
(b) Explain why d can be expressed in the form d = (1 — A)a+ Ab for some scalar 1
with0<A<1
2
(c) Given that D is also on the line OC, find an expression for A in terms of @ and b only
and hence show that
DA :DB=04: 0B
®)
(+S2)

(Total for Question 1 is 16 marks)




Q2

The lines L1 and L have the equations

1 2 -15 4
L:r=|0|+s|p| and L,:r=| 12 |+t| -5
9 6 -9 2

where p is a constant.

The acute angle between L1 and L> is § where cos 6 =

« |

(a) Find the value of p.

(6))
-15 8
The line L3 has equationr r=| 12 |+u| —6 | and the lines L3 and L> intersect at the point 4.
-9 -5
5
The point B on L; has position vector | —13 | and point C lies on L3 such that ABDC is
1
a rhombus.
(b) Find the two possible position vectors of D.
)

(Total for Question 2 is 10 marks)

End of Questions



Platinum Mark Scheme

Q1
(a)
{5+ for good diagram
sketched)
C
0 Extends 04 and OB
. 3 R {may use unit vectors
Let P Eid. () be points such that OP —Eand OQ=ab. M1 instead)
Then |OP| =h |n| =ha=ab=a |h| = |UQ| hence OPQ is isosceles. Al Deduce isosceles or
Hence the angle bisector from () is perpendicular to PQ. equivalent.
M1 Use 1sosceles to
DD e . deduce perpendicular
But OF = OF — 00 = ba—ab and hence as C is on the angle Draw correct
bisector, so ba—ab is perpendicular to ¢. Al conclusion.
(4)
(b) | OD=04+24B = d=a+ i(b-2a) Mi Sets up appropriate
equation, either form.
i Al Correctly shown
=d=(l-da+ib (S+) (Reasoning for d )
(0= A=< 1 since 7 is between 4 and B)
(2)
(¢) | —= . lf— — M1 Makes deduction
{OD = ke and from (a) c= K = E(GP + G'Q) hence) that d is a multiple
— T of ptq
OD=k'(OP+00Q)
_idrAar. a1 3 MI Equates theird to d
Hence d=k'(OP+00)=(1-4)a+7b i
So k'{ba+ah}=(]—,1}a+;1h MI Forms equation in
aandb
Therefore (since a and b are not parallel) k'b=1—A and k'a=A4 Extracts
i a M1 simultaneous
—=b=1-A=2 A= "y equations and
a 4 Al solves for A.
( S+ for non-parallel
reasoning)




Q2

@| 2y 74y Attempt suitable
[ | scalar product.
p|® —5|=8-5p+12 M1 Intention and at
: 6 : least one correct
\ \ term.
EHS attempt —
= A
20-35p =40+ p" x4f45 ><£ Ml numerical slip OK
3 Al Correct equation
1 1 1 Solving (condone 1
4—p=.J40+p" = 16-8p+p =40+p M1 etror)
p=-=3 Al
(3)
®) | |4B|= fG—15T+13-127+(1-—9)  or when =5 |4p|=155] | My | MmO EdAE
(8] (8] A find
- | | . — Attempt to fin
AC=BD=u| —6|| Lengthof 6| is 8 +6°+5 =35 Ml | length of this
:\ -3 a -5 vector
(8)
So OC is given by u =+ 3 and therefore OD =0B+3 —6 M1 Correct expression
{ for position of D
| g
LT

To(sy (2 (29 (197
Soﬁﬁ: —13|+| 18 |=| 31| [or from u =-3] 5} AlAl
H 1 1 1 1 H
: {1 L -15) 1 -14 | 16 )
[ R R s
(3)
[10]
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