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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 AS and A Level Mathematics: Pure Mathematics Year 1/AS’ textbook.

Non-Calculator Questions

The new specification allows calculators to be used in all papers. We have, however, put these
guestions 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

Calculators may not be used

The total mark for this section is 32

Q1
4

(a) Find the value of 83

3

(b) Simplify 2%

2

(2)
(Total for Question 1 is 4 marks)

Q2
1
(a) Write down the value of 32°

2
(b) Simplify fully (32x°) 3

)

3)
(Total for Question 2 is 4 marks)

Q3

(a) Simplify

50 8

giving your answer in the form a~/2 , where « is an integer.

(b) Hence, or otherwise, simplify

V50 -/18

2

giving your answer in the form b\/E , where b and c are integers and b # 1

3)
(Total for Question 3 is 5 marks)
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Q4

Given that32+/2 = 2¢, find the value of a

(Total for Question 4 is 3 marks)

Qs

3

a) Evaluate 325, iving your answer as an integer.
gving 'y g

1

) ) 25x* ) 2
(b) Simplify fully 1

@)

(2)
(Total for Question 5 is 4 marks)

Q6

x+3

Express 8 *3 in the form 2”, stating y in terms of x

(Total for Question 6 is 2 marks)




Q7

Complete the table below. The first one has been done for you.

For each statement you must state if it is always true, sometimes true or never true, giving a

reason in each case.

Always | Sometimes Never

Statement
True True True

The quadratic equation
ac+bx+e=0, (@a=0)

has 2 real rc—ots., /

()

When a real value of x 15
substituted 1nto
i — 6x + 10 the result is

positive.
(11)
b
If ax = b then x > —
a
(111)

The difference between
consecutive square
numbers 1s odd.

Beason

It only has 2 real roots when

b —4ac > 0.

When 5 — 4ac = 0 it has 1 real
root and when 5 — 4ac < 0 it has
0 real roots.

(Total for Question 7 is 6 marks)




QS

The equation x> + 3px + p = 0, where p is a non-zero constant, has equal roots.

Find the value of p.

(Total for Question 8 is 4 marks)

End of Questions



Bronze Mark Scheme

Q1

Question Scheme Marks
number
(a) Attempt 8 or e M1
=16 Al @)
1 1
(b) 5x° 5. x% | B1.BI (2)
4

(a)

(®)

o - d . .
M1  for: 2 (on 1ts own) or |:2“]"' or %@or [Q@] or 2 or ilrST or 34096

8 or 512 or (4096 is MO
Al for 16 only

1*B1 for 5 onits own or ¥ something.

s 1

axt T -
Soeg — isB1 But 5% is B0

-

An expression showing cancelling 1s not sufficient

(see first expression of QC0184500123945 the mark 15 scored for the second expression)

B for 3

Can use ISW (incorrect subsequent working)

4
e.g 3x? scores B1BO0 but it may lead to -'.3||5.‘c4 which we 1gnore as ISW.

Correct answers only score full marks in both parts.




Q2

e Scheme Marks
Number
L
(a) 325 =2 B1 |
(1)
. FEY - —— )
(b) For 2™ or — or T1 or 0.25 as coefficient of x*, for any value of k
L Ml
meluding k=0
. " . A "
Correct index for x so 4 x™ or —-o0.e. for any value of A Bl
X
= — or0.25x7 ol .
A4x* ()
4 Marks
Notes

(a) Bl  Answer 2 must be in part (a) for this mark
(b) Look at their final answer

2
1 1
Ml For22or4or [3 l or 0.25 in their answer as coefficient of x* for numerical value of k
1
(including k& = 0) so final answer 4 is M1 B0 A0
A
= 10 _s0
Bl  Ax?or «* or equivalent e.g. Ax * or Ax * i.e. correct power of x seen in final answer
.l,- A 52
May have a bracket provided it is (4x) 2 or \ I
1 1

= _x _ . .
Al 4x* or4” or 0.25 x % oe but must be correct power and coefficient combined correctly and
must not be followed by a different wrong answer.

Poor bracketing: 2x 2 earns MO B1 A0 as correct power of x is seen in this solution (They can
1

recover if they follow this with 4t etc)

1

2
Special case (2x)? as a final answer and (H) can have M0 B1 A0 if the correct expanded answer is
not seen

1 L)z .
The correct answer 4x” etc. followed by [31 or (2x) 2, treat 4x” as final answer so M1 B1 Al isw
1

But the correct answer 4x° etc clearly followed by the wrong 2x 2 or 4x 2, gets M1 B1 A0 do not
ignore subsequent wrong work here



Q3

?4111:;?}2? Scheme Notes Marks
(a) 30 =547 or+f18 = 342 and the other term
V50 — 18 =542 =342 in the form +/2 . This mark may be implied M1
by the correct answer 2 +/2
=242 Ora=2 Al
(L) U (a) by lacing d 1 by thes al
ses part (a) by replacing denonunator by their
WAY 1 12y3 _ 1243 av? where a 1s mumeric. This s all that 5 M1
ﬁ - 1;1—8 "2 "'HE required for this mark.
Rationalises the denomunator by a correct
method e.g. multiplies numerator and
denominator by k-2 to obtain a mmltiple of
B 1243 E 3 1246 -6 Note that multiplying numerator and M1
- '2 "\E »J'E T4 denominator by 2+/7 or —24/7 is quite
common and is acceptable for this mark May
be implied by a correct answer.
This is dependent on the first M1.
=36 orb=3.c=6 Cao and cso Al
[3]
.(b), . IE\E ﬁ + Jﬁ
FENNS NN T ¢ J50+4/18 For rationalising the denominator by a correct
ax method i.e. oultiplying numerator and M1
1243 524342 denominator by k (/50 + i3
52372 232
For replacing numerator by o /6 + 56 -
6046 + 3646 This is dependent on the first M1 and thereis | o
50—18 no need to consider the denominator for this
mark.
=3-J6_ orb=3¢c=6 Cao and cso Al
131
(b) Uses part (a) by replacing denominator by their
WAY 3 £= ﬂ a~/2 where @ is mumeric. This is all that is M1
‘U"E - \"'E "2 "\E required for fhis mark.
= 123 _ 643 _ V108 _J52 —Jo.Jg | Cancels to obtain a multiple of /6 . Thisis aM1
- 22 - J2 B J2 - N dependent on the firse M1.
=16 Orb=3,c=6 Cao and cso Al
[3]
(b) Uses part (a) by replacing denominator by their
WAY 4 1243 = 123 a2 pwhe[re)rr is Efjuner‘jc. This is all that is M1
m -1z "2 required for this mark.
s\ _m
{3—1.':| =71
J31 =95 Obtains a multiple of V6 . This s dependent M1
on the first M1.
=3.J6 Orb=3¢c=6 Cao and cso (do not allow =3./6 ) Al
5 marks




Q4

Nurmber e it
= 32=2" or 2048=2", Vz=2%0r J2043={:m3}% B1, B1
a=£ [or Sl or “‘] B1
2 2
(3]

1B1 for 32=2° or 2045=2"
This should be explicitly seen: 3242 =27 followed by PJ2=2"is0K

Even writing 32x2= %2 (: 2" ) is OK but simply writing 32x2= 2%is NOT

! 1
2" B1 for 22 or (2048)2 seen. This mark may be implied

3B for answeras written, Needa=... so 22 is B0

11

1 ; ;
= e [m‘ 5? or 5.5 | with no working scores full marks.

If a = 5.5 scen then award 3/3 unless it 15 clear that the value follows
from totally incorrect work,
Part solutions: ¢.g. 2%4/2 scores the first B1.

Special case:
IfJ2= 2'!/3 15 not explicitly szen. but the final answer includes %

1 1 d.: ; 2
eg.a=2 g 4—. the second B1 1s given by implication.

-




Q5

.”1 i Scheme Marks
3
(a) {{32)?}: {.zfs‘z]’ or §(32) or 2 or {32768 Ml
=8 Al
[
-1 1 i
eV | _ (4 Y (), 1!
(b) 4 25¢* 2 255" 31 See notes below | M1
.. ar gx-l See notes for other Al
5x* 5 alternatives
[11
Notes
(a) M1: for a full correct interpretation of the fractional power. Note: 5:-({32:]3'151?.[0.
Al: for 8 only.
Note: Award MI1A] for writing down 8.
® MI: Fm'useof% OF. use of -1
Useof%: Candidate needs to demonstrate the they have rooted all three elements in their bracket.
Use of -1: EittuCandidatehas# or i becomes =y
= Bracket B AxF )
Allow M1 for ..
]
1 1 1.
£ ¥ (=) 3 1 sl -l
l(—‘Jnr—miIm —4](::[ = or = or =— of ——
25x 2 55 2 25x 25, 1 1 1
[ 2 J 1 ] 4 2 2

{5;1 ] {—5:1:" J ( 5x* ] 5x®

or—| — | or or — o

2 -2 2 2
2 ¥ (=Y e

P or o where K, C are any powers mcloding 1.

Al: for either i or Ex’1 or 0.4x™ or D'?
3x° 5 x

Note: A final answer of L or —tm';l iz AQ.
Ex’ 2ix 2.5x
2

15 not enough work by itself for the method mark

Note: Also allow iil or ig:t"2 or +04x™ or iﬂ for Al
3x 3 x




Q6

?{lﬁgﬁ Scheme Marks
s T | fre3 Ix. - -
@ =(2") )=2"Y or 2™ witha=60rb=9 Ml
= 2% gr = 2% a5 final answer with no errors or (¥ =)6x + 9 or 3(2x + 3) Al
12]
2 marks
Notes

MI1: Uses 8=2' and multiplies powers 3(2x + 3). Does not add powers. (Just 8= 2 or 8 =2 isMO )
Al: Either 2% gr=2%"% or (y=)6x+9 or3(2x+3)

Note: Examples: 2°"*° scores M1AO

- 31:13 - [33 }21'3 - 2]'21"1 B’E‘IS MOAOD

Special case: C = 2" 2% without seeing as smgle power M1AO
> 2x +3)logd
Alternative method using logs: 87 =2" = (2x +3)log8=ylog2 = y = % M1
So (y=)6x+9 or3(2x+3) Al [21




Q7

Question Scheme Marks AOs
® X —6x+10=(x-3) +1 M1 | 21
Deduces "always true"
2 2 . . Al 2.2a
as [x—3] =0= (x— 3} +1 =1and so is always positive
2)
(ii) For an explanation that it need not (always) be true
Thiscnuldbeif.-:;l~:’.(:lthv:.1:|.-:1::r:=-i‘1'::>-x«:é Ml 2.3
a
: . b
States 'sometimes' and explains if a >0 thenax>b=x>—
‘; Al | 24
if a<Othenax>b=x<—
a
2)
(iii) Difference =(H+]}2 -n’ =2n+1 M1 3.1a
Deduces "Always true" as 2n+1 = (even +1) = odd Al 22a
2)
(6 marks)
Notes:
0]
M1: Attempts to complete the square or any other valid reason. Allow for a graph of

Al:
(if)
MI1:

Al:

(iii)
M1:

Al:

y=x"—6x+10or an attempt to find the minimum by differentiation
States always true with a valid reason for their method

For an explanation that it need not be true (sometimes). This could be 1f

b
a<0thenax>b=x<— orsimply -3x>6=x<-2
a

Correct statement (sometimes true) and explanation

Sets up the proof algebraically.

For example by attempting (n +1)2 —n*=2n+1 or m" —n" =(m—n)(m+n) with
m=n+l

States always true with reason and proof

Accept a proof written in words. For example

If integers are consecutive, one 1s odd and one is even

When squared oddxodd=odd and evenx=even =even

The difference between odd and even 1s always odd, hence always true

Score M1 for two of these lines and A1 for a good proof with all three lines or equivalent.




Qs

Question
AR Scheme Marks
Q b - 4ac attempted. in terms of p. M1

(3p}1—4p=ﬂ' o.e. Al

Attempt to solve forp e.g. p(9p—4)=0 Must potentially leadtop=k. k+0 M1

4
p= 5 (Ignore p = 0. if seen) Alcso
[4]

1" M1 for an attempt to substitute into b* —dac or b’ =4ac with b or e correct

Condone x's in one term only.
This can be inside a square root as part of the quadratic formula for example.
Use of inequalities can score the M marks only

1™ Al for any correct equation: {3_;1]1 —dx1x p=0 or better
2™ M1 for an attempt to factorize or solve thewr quadratic expression in p.

Method must be sufficient to lead to thew p= %

Accept factors or use of quadratic formula or [p:t ‘})2 =k* (o.e. eg) (3,U‘i ‘;*:TT =k*or
equivalent work on their eqn.

1,
T ?i_ = 4 which would lead to 9p = 4 is OK for this 2° M1

ALT Comparing coefficients
Ml for (x+ea)f=x"+a’ +2ox and Al for a correct equation eg 3p = .’.J}T

M1  for forming solving leading to 1‘."; =4 or better

Use of quadratic/discriminant formula (or any formula) Rule for awarding M mark

If the formula is quoted accept some correct substitution leading to a partially

correct expres&iml.
If the formula 1s not quoted only award for a fully correct expression using

their values.




X

Silver Questions

Calculators may not be used

The total mark for this section is 35

Q1
1
(a) Find the value of 16*
2)
(b) Simplify x(2x’4L )
2)

(Total for Question 1 is 4 marks)

Q2

2
Show that ——=——+ can be written in the form \/; - \/3 , where a and b are integers.
J12)-®)

(Total for Question 2 is 5 marks)

Q3
Solve
(a) 27 =8
)]
(b) 2" x4 =8
)

(Total for Question 3 is 5 marks)




Q4

Given
2 x4y =
22

express y as a function of x

(Total for Question 4 is 3 marks)

Q5
Find, using algebra, all real solutions to the equation
() 1622= 2a
C))
(i) b*+7b*-18=0
C))
(Total for Question 5 is 8 marks)

Q6

The equation kx? + 4kx + 3 = 0, where k is a constant, has no real roots.

Prove that

O00k<=

(Total for Question 6 is 4 marks)




Q7
f(x)=x"+(k+3)x+k
where £ 1s a real constant.

(a) Find the discriminant of f(x) in terms of £.

2

(b) Show that the discriminant of f(x) can be expressed in the form (k+ a)? + b, where a and
b are integers to be found.

2

(c) Show that, for all values of &, the equation f(x) =0 has real roots.
2
(Total for Question 7 is 6 marks)

End of Questions



Silver Mark Scheme

Q1
Question ;
Hurber Scheme Marks
1
(@) 164=2 or Ll or better M1
16*
- 1
16 = or 0.5 (1gnore ) A
(2)
- 4
-1 g -3 iy :
(b) 2x 4| =2°x 4 or = or equivalent M1
J x*
x[Ex"] =2%or 16 Al cao
(2)
4
Naotes
(a) | M1 for a correct statement dealing with the % or the — power
This may be awarded 1f 2 1s seen or for reciprocal of their 167
Yiis M1 AO , also 27 is M1 A0
i% 1s not penalised so M1 Al
(b) for correct use of the power 4 on both the 2 and the x terms
for cancelling the x and simplifying to one of these two forms.
Correct answers with no working get full marks




Q2

Sf.;’ii“ e Marks
T . ——
REERD) For12-8.| .
I 12-8 This mark can be implied.
- w B1Bl
=342 Al eso
Notes 5

MI: for a comrect method to raticnalise the denominator.

Al (12-3)({12+8) > 12-8 o (3+2)(J3-42) > 3-2
1*Bl: for 12 =243 or 48 =443 seen or implied in candidate’s working.

2™ Bl: for 8 =242 or 32 =442 seen or implied in candidate’s working.
2™ AL for 3 +,/2. Note: @ as a final answer is AO.

Note: The first accwracy mark: is dependent on the first method mark being awarded.
Note: %Jﬁ+%J§=J§+ﬁ with no intermediate working implies the B1B1 marks.
Note: \E='J’E\E mu‘_= \JE'\E are not sufficient for the B1 marks.

Note: A candidate who writes down (by misread) /18 for +/8 can potentially obtain M1AOB1B1AD, where
the 2*! B1 will be awarded for 418 =32 or 72 =642

Note: The final accuracy mark is for a correct solufion only.

Alternative 1 solution

=
-JIE_\E o (Zﬁ—zﬁ} Bl Bl
s 1 {ﬁ 7 ﬁ) M1 :1]::; I"ufcttl':lredrtehl:vant
T BN (B i
= @ Al for3-2
= i+ 2 Al
Alternative 2 solution
2 ol 2 2 = +
oial e wm N = aa

with no meomect working seen is awarded M1AIBIB1AL




Q3

oo Scheme Notes Marks
Number
(a) 3
2 =8=y=3 Cao (Can be implied 1.e. by 2°) Bl
(Alternative: Takes logs base 2: log, 2" =log, 8 = ylog, 2=3log, 2= y=3)
(1)
() 3 3
8=2 Replaces 8 by 2° (May be implied) M1
4= = (21 or (2**)° Replaces 4 by 2 correctly. M1
M1: Adds their powers of 2 on the lhs
1 and puts this equal to 3 leading to a
Ll L R YO JET J solution for x. M1A1
3 1 .
Al: x=—or x=0.Jorawrt 0.333
i4)
(b] ¥+] ¥ - x+] - ¥
Way 2 47 =4x4 Obtains 47 in terms of 4" correctly | M1
2* x4* = 8" Combines their 2 and 4" correctly M1
M1: Solves 8" =k leading to a
: & 1 solution for x.
4x8" =828 =2=>x=— 1 : Ml1Al
= Al: x=—or x = 0.3orawrt 0.333
]
[5]
Q4
Part | Working or answer an examiner might | Mark | Notes

expect to see

kal L

Px(PF=27 = xer=2

M1 | This mark 1s given for writing all terms
in the same base and applying an index

law
et dy=— 3 M1 | This mark 1z given for writing an
Y equation to link x and y
S 1 e 3 Al This mark 1s grven for rearranging to
27 4 find a correct expression of y as a

function of x

(Total 3 marks)




Q5

Question Scheme Marks | AOs
@ 16a* —2Ja =0
1 3
R EA = 2a2|8a% -1 (=0
16a° = 2~Ja = a2 =3 { J M1 1.1b
8
13 13
-2 -1 M1 1.1b
o [SJ . [8}
1 1
—a= =a=g Al 1.1b
Deduces that a =0 1is a solution B1 2.2a
@
@ 1 p*+76? —18=0= (7 +9) (b -2)=0 Ml | 1ib
b =-92 Al 1.1b
B =k=b=k.k>0 dM1 2.3
b=+/2 ., —/2 only Al 1.1b
4)
(8 marks)

Notes

-

(1)

+
MI1: Combines the two algebraic terms to reach @ 2 = C or equivalent such as (~/a | =C

= V)

(C=0) |

An alternative is via squaring and combining the algebraic terms to reach a’=kk>0
‘o a=ad =k

Eg. .a or

Allow for slips on coefficients.
m

M1: Undoes the indices correctly for their a” =C
You may even see logs used.

(So MO M1 AO is possible)

Al: a =% and no other solutions apart from 0 Accept exact equivalents Eg 0.25
B1: Deduces that a =0 is a solution.
(i)
MI1: Attempts to solve as a quadratic equation in b’
Accept [.52 +m][b2 +n] =0 with mm==18 or solutions via the use of the quadratic
formula Also allow candidates to substitute in another variable, say U= b* and solve for u
Al: Correct solution. Allow for b° =2 or u =2 with no incorrect solution given.

Candidates can choose to omit the solution b* =—9 or u =—9 and so may not be seen
dM1: Finds at least one solution from their b* =k = b= \J’E,Fc =0, Allow 5=1.414
Al: b=-f2 . —/2 onlv. The solution asks for real values so if 3i is siven then score A0

F) 4 3 3
Wl =..d= .4 —...a=0:=...a(a —...J=O::=a =..




Answers with minimal or no working:
In part (i)
* no working, just answer(s) with they can score the B1
o Ifthey square and proceed to the quartic equation 256a’ = 4a oe, and then
write down the answers they can have access to all marks.
In part (ii)
e Accept for 4 marks »? =2=b=+-2
s No working, no marks.
Q6
Question Scheme Marks AOs
Realises that £ = 0 will give no real roots as equation becomes 3 = B1 31a
0 (proof by contradiction) =
(For k # 0)quadratic has noreal roots provided
. . M1 2.4
b” < 4ac so 16k” <12k
4k(4k —3) < 0 with attempt at solution M1 1.1b
So 0<k<2, whichtogether with k=0 gives 0 < k<3 * Al* 21
(4 marks)

Notes

B1 : Explains why k = 0 gives no real roots

M1 : Considers discriminant to give quadratic inequality — does not need the k =0 for this
mark

M1 : Attempts solution of quadratic mnequality

Al*: Draws conclusion, which is a printed answer, with no errors (dependent on all three
previous marks)




Q7

Question

Nisritios Scheme Marks
(a) Discriminant: b* —dae = (k+3)° — 4k or equivalent MI1 Al
(2)
(b) (k+3)7 —4k=k'+2k+9=(k+1)" +8 M1 Al
2)
(c) For real roots. b* —4ac >0 or b* —4ac >0 or (k+1)*+8>0 M1
(k+1)" 20 forall k. so b* —4ac > 0, so roots are real forallk  (or
: Al cso
equiv.)
(2)
(1]

Notes
(a) M1: attempt to find diserinunant — substitution is required
If formula b® —4ae is seen at least 2 of a. b and ¢ must be correct
If formula b” — 4ac is not seen all 3 of a. b and ¢ must be correct
Use of b” +4ac is MO
Al: correct unsimplified
(b) M1: Attempt at completion of square (see earlier notes)
Al: both correct (no ft for this mark)
(c¢) M1: States condition as on scheme or attempts to explain that their
(k+1)’+8 is greater than 0

Al:  The final mark (Alcso) requures (k +1)° = 0 and conclusion. We

will allow (k+1)* >0 ( or word positive) also allow b* — 4ac 2 0 and conclusion.




Gold Questions

Calculators may not be used

The total mark for this section is 33

Q1

Express 9°* * ! in the form 3, giving y in the form ax + b, where a and b are constants.

(Total for Question 1 is 2 marks)

Q2

The equation x> + (k — 3)x + (3 — 2k) = 0, where & is a constant, has two distinct real roots.
(a) Show that £ satisfies
K +2k—3>0

(&)
(C))

(b) Find the set of possible values of £.

(Total for Question 2 is 7 marks)

Q3

Given that the equation 2gx? + gx — 1 = 0, where g is a constant, has no real roots,
(a) show that ¢* + 8¢ < 0.
2)

(&)

(Total for Question 3 is 5 marks)

(b) Hence find the set of possible values of g.




Q4

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

Solutions relying on calculator technology are not acceptable.

(1) Solve the equation

w218 =x

writing the answer as a surd in simplest form.

(i) Solve the equation

‘ B

43)#2

&

©))

©))

(Total for Question 4 is 6 marks)

Q5
Given that y = 2%,

(a) express 4" in terms of y.

(b) Hence, or otherwise, solve
8(4)-9(29H+1=0

)

C))

(Total for Question 5 is 5 marks)




Qo6
for) =x>—8x+ 19

(a) Express f(x) in the form (x + a)? + b, where a and b are constants.

2

The curve C with equation y = f(x) crosses the y-axis at the point P and has a minimum point
at the point Q.

(b) Sketch the graph of C showing the coordinates of point P and the coordinates of point Q.
(©))

(c) Find the distance PQ, writing your answer as a simplified surd.

€))

(Total for Question 6 is 8 marks)

End of Questions



Gold Mark Scheme

Q1
%ﬁgﬁ? Scheme Notes Marks
Jr+l —
o . g!H fo-r e::ca_mp_le st aa.. | EXPrESSES 0** correctly as a power of 3 or
3 oor (37) or (3%) or 3 X3 expresses 3" correctly as a power of 9 or
3y 3 a2 3x IRy, 1y expresses ¥ correctly in terms of x M1
or (3x3) or ¥ x(3%)* or {9) or 9%
or y=2(3x+1) {This marlk is not for just 3 =9)
=3"2 or y=6r+2ora=65=2 | Cao(isw if necessary) Al
Prowviding there is no incorrect work, allow sight of 6x + 2 to score both marks
Correct answer only implies both marks
Special case: 3° only scores M1AQ
| [2]
Alternative using logs
0 =3 = log 0™ = log 3
[3x+1)log9=ylog3 Use power law correctly on both sides M1
'=—10gg (3x+1)
g3
y=6x+2 cao Al
2 marks
Q2
Question Scheme Marks AOs
Realises that £ = 0 will give no real roots as equation becomes 3 = B1 31a
0 (proof by contradiction) 5
(For k #0)quadratic has noreal roots provided
M1 24
b* <4ac so 16k” <12k
4k(4k —3) < 0 with attempt at solution M1 1.1b
So 0<k <%, which together with k=0 gives 0 < k <3+ Al* 2.1
(4 marks)

Notes

B1 : Explains why k& = 0 gives no real roots

M1 : Considers discrimmant to give quadratic inequality — does not need the &k =0 for this
mark

M1 : Attempts solution of quadratic inequality

Al*: Draws conclusion, which is a printed answer, with no errors (dependent on all three
previous marks)




Q3

Question
Wik Scheme Marks
Q b® —4ac attempted. in terms of p. M1

(3p}1—4p={] o.c. Al

Attempt to solve forpe.g. p(9p—4)=0 Must potentially leadtop =k k+0 M1

4
p= 5 {(Ignore p = 0. if seen) Alcso
[4]

1" M1 for an attempt to substitute into b* —4ac or b’ =4acwith b or ¢ correct
Condone x's in one term only.
This can be inside a square root as part of the quadratic formula for example.
Use of inequalities can score the M marks only

1" Al for any correct equation: {3;1)1 —dx1x p=0 or better
2™ M1 for an attempt to factonze or solve thewr quadratic expression in p.

Method must be sufficient to lead to thew p= %

Accept factors or use of quadratic formula or (}? 5 ‘;-)2 =k (oc.cg) (3.11‘ + ‘;-)'T =k*or
equivalent work on their eqn.

k1
gpz =4p= ?{:T =4 which would lead to 9p = 4 is OK for this M1

AIT Companng cocthicients
Ml  for (x+a) = x* +&’ + 2ax and Al for a correct equation eg 3p = ..JE

M1  for forming solving leading to ,j'; =4 or better

Use of gquadratic/discnminant formula {or any formula) Rule for awarding M mark

If the formula 15 quoted accept some correct substitution leading to a partially

correct expression.
If the formula 15 not quoted only award for a fully correct expression using

their values.




Q4

Question Scheme Marks | AOs
(i) ) 18
T8 = x = x(3 1) =TT = 5 = Jfl vi | L
_ I8 241 dM1 | 3.1a
V2-1 241
xzmzﬁﬂﬁ Al | L1b
(3)
(ll:l x—2 x— -
_=L:‘>25 4:2_ Ml 2.5
22
3
6x— =—'E:>x=._. dM1 1.1b
5
X=13 Al 1.1b
(3)
(6 marks)
Notes
1)
M1: Combines the terms in x, factorises and divides to find x. Condone sign slips and ignore
any attempts to simplify Jis
Alternatively squares both sides xy2 — /18 =x = 2x —12x+18=x"
dM1: Scored for a complete method to find x. In the main scheme 1t 15 for making x the subject
and then multiplying both numerator and denominator by +/2 +1
In the alternative it 1s for squaring both sides to produce a 3TQ and then factorising their
quadratic equation to find x. (usual rules apply for solving quadratics)
Al:  x=6+3+/2 only following a correct intermediate line. Allow _1 — as an intermediate
line.
Tn the alternative method the 6 —3+/2 must be discarded.
(11)
MI1: Uses correct mathematical notation and attempts to set both sides as powers of 2 or 4.

@+

Eg 2" =2 or 4™ = 4’ is sufficient for this mark
Alternatively uses logs (base 2 or 4) to get a linear equation in x.
P gt L = log, g = log, N =2(3x-2)=log, S

12 22 22

or 7=t S3ro2-t0g,

22 22

or 47 = 12 =4 =4/2=3x=log, 42

22



dM]1: Scored for a complete method to find x.
Scored for setting the indices of 2 or 4 equal to each other and then solving to find x.

Al:

Q5

There must be an attempt on both sides.

You can condone slips for tlus mark Eg bracketing errors 47722

T

or

1=2
2

2.2

-1+

In the alternative method candidates cannot just write down the answer to the rhs.

So expect some justification. E.g. log,

1 5
— —=log 2  =-—
SN A

or 31':10g44-.;"§:>3x:1+%

*— condoning

| s
[ | =

or log,

x= % with correct mtermediate work

242

3

E 3
=log, 2 =-3

slips as per main scheme

Question
Number

Scheme

Marks

(@)

ol ot bl
Allow v~ or yxyor 'y squared

"4" =" not required

Bl

Must be seen 1

n part (a)

(n

(b)

87 -9y +1=@By-D(y-D=0=y=_..
or

(82" 1N - =0=>2"=__

For attempting to solve the given
equation as a 3 term quadratic
y or as a 3 term guadratic in 2°
leading to a value of y or 2
(Apply usual rules for solving the
quadratic — see general puidance)
Allow x (or any other letter)
instead of y for this mark e.g. an

attempt to solve 8x" —9x+1=0

M1

1

(or y)=—. 1

o0 |

Both comrect answers of % (oe)

and 1 for 2% or y or their letter but
not x unless 2*(or ) 1s implied
later

Al

M1: A correct attempt to find one
numerical value of x from their
2*(or 1) which must have come
from a 3 term guadratic
equation. If logs are used then
they must be evaluated.

Al:Both x=—3 andlor x=0
May be implied by e g.
2'3=% and 2" =1 and no

extra values.

MI1Al

4

(5 marks)

@ Pearson



Qo6

Question
Number

Scheme

Marks

(a)

f(xX)=(x—4)" +3

ML-f(x)=(x%4) +a a=0

(where 15 a single number or a
numerical expression = ()

Al: Allow [x+' -1]- +3 and 1gnore

any spurious = (7

MI1Al

Allow a = -4, b = 3 to score both marks

2)

(b)

B1l: U shape anywhere even with no
axes. Do not allow a “V" shape 1.2,
with an obvious vertex.

Bl

Bl: P(0. 19). Allow (0. 19) or just
19 marked in the correct place as
long as the curve (or straight line)
passes through or touches here and
allow (19, 0) as long as 1t 15 marked
in the correct place. Correct
coordinates may be seen in the body
of the script as long as the curve (or

/ straight line) passes through or

touches here. If there 15 anv

ambiguity, the sketch has

precedence. (There must he a
sketch to score this mark)

Bl

B1: Q(4. 3). Correct coordmates

4.

that can be scored without a sketch

but if a sketch 1s drawn then 1t must
have a minimum m the first
quadrant and no other turning
pownts. May be seen in the body of
the script. If there 1s any ambiguity,
the sketch has precedence. Allow
this mark if 4 15 clearly marked on
the x-axis below the minmmum and 3
1s marked clearly on the y-axis and
corresponds to the minimum,

Bl




(c) Correct use of Pythagoras'
i a2 R Theorem on 2 powmnts of the form
PO =(0 4) - (19 j) (0. p) and (g. ») where g £ 0 and Ml
p Zrwith p. g and r numeric.
Correct un-simplified numerical
expression for PQ including the
square root. This must come from
PO = [47 L16° acorrect P and Q. Allow e g Al
PQz.J(O—4)2 +(19-3) .
Allow +,J(0-4) +(19-3)’
= Cao and cso 1.e. This must come .
PQ =417 from a correct P and Q. Al
MNote that it 15 possible to obtain the correct value for PQ from (-4.3) and
(0.19) and e.g. (0. 13) and (4. -3) but the A marks in (c) can only be
awarded for the correct P and Q.
3
(8 marks)




Platinum Questions

Calculators may not be used &%

The total mark for this section is 18

A student was attempting to prove that x = % is the only real root of

343, 1 =
x+53x—5 =0.

The attempted solution was as follows.

=
)
[\S)
_|_
FNy[s}
N—
I
o[ —

=
Il
o |—

o[ —

or X2 =
. 1 .
Le. x“=-7 1o solution

only real root is x = %

(a) Explain clearly the error in the above attempt.
2

(b) Give a correct proof that x = 1 is the only real root of x* + 3 x — 3 = 0.

(&)
The equation

X+ p-a=0 (D

where a, fare real, o # 0, has a real root at x = a.



(c) Find and simplify an expression for f in terms of « and prove that « is the only real root
provided | < 2.

(6)

An examiner chooses a positive number « so that « is the only real root of equation (I) but the
incorrect method used by the student produces 3 distinct real “roots”.

(d) Find the range of possible values for a.
(7

(Total for Question 1 is 19 marks)

End of Questions



Platinum Mark Scheme

Question

Number Scheme Marks
7. (a) | pq= % 75]9 = % orq= % (line 3) identify; explain | B1; B1 (2)
b) x3+%x—%=0 = (x—%)(x2+%x+l)=0 attempt to M1
divide
correct quadratic | Al
ie. x=7 or ¥+ 3x+1=0, discriminant=(7)>-4 M1
<0 .. noreal roots (so onlyrootisx= %) Al cso 4)
() |x=aisaroot= o>+ fa-a=0, ie f=1-a® (a#0) M1, Al
- a=x-af’+ax+1] M1 [A1]
Discriminant of x>+ ax+1 is a’—4 M1
. x=ais the only real rootif &> —4 <0, ie. |af <2 (%) Al cso (6)
(d) | Student’s method: x(x> + f) =
=>x=a orX¥*+fB =« M1
require a—f >0
a’+a-1>0
—-1£4/5
(A a= T\/_ attempt cvs Ml
2 correct cvs | Al
. */§_1<a<2 or _2<0(<_*/§_1 AlLLAL ()
2 2
(19 marks)

@ Pearson







STYLE INSIGHT & REASONING

S marks

For a novel or neat solution to any of questions 3—7. Apply once per
question in up to 3 questions

S2 if solution is fully correct in principle and accuracy

S1 if principle is sound but includes a minor algebraic or numerical slip

T mark

For a good and largely accurate attempt at the whole paper

S6 (S2 x 3)

T1
(7 marks)
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Bronze, Silver, Gold and
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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 AS and A Level Mathematics: Pure Mathematics Year 1/AS’ 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

Calculators may not be used

The total mark for this section is 29

Q1

Find the set of values of x for which
(a) 3(x—2)<8—2x

2
b) 2x—7)(1+x)<0

(©))
(¢) both3(x—2)<8—2xand 2x —7)(1 +x) <0

(0))

(Total for Question 1 is 6 marks)

Q2
Find the set of values of x for which

(a) 2B3x+4)>1—x

(09)
(b) 3x*+8x—3<0

“)

(Total for Question 2 is 6 marks)

Q3

Solve the simultaneous equations
y—3x+2=0

yz—x—6x2=O

(Total for Question 3 is 7 marks)




Q4

A rectangular room has a width of x m.
The length of the room is 4 m longer than its width.

Given that the perimeter of the room is greater than 19.2 m,

(a) show that x >2.8

Given also that the area of the room is less than 21 m?,

(b) (1) write down an inequality, in terms of x, for the area of the room.

(i) Solve this inequality.

(c) Hence find the range of possible values for x.

©))

C))

0y

(Total for Question 4 is 8 marks)

End of Questions



Bronze Mark Scheme

Q1.

Question
Number

Scheme

Marks

(a)

(b)

(c)

3x—-6<8-2x— S5x<14 (Accept 5x—14<0 (0e))
x<28 or % or 2% {(condone <)

Cnitical values are x=— and —1

b | =

5
Choosing “inside” —1 < rvr:—';-

—1<x<28

Accept any exact equivalents to -1, 2.8, 3.5

M1
Al (2)

B1

M1 A1 (3)

B1ft (1)

Notes

(a)

(b)

(c)

M1 for attempt to rearrange to kv < m (0.e.) Either k=5 or m = 14 should be correct

Allow 5x = 14 or even 5x > 14

B1 for both correct critical values. (May be implied by a correct mnequality)

M1 ft their values and choose the “mside” region

Al for fully correct inequality (Must be in part (b): do not give marks if only seen in (¢))
Condone seemng x < —1 m working provided —1 < x 15 in the final answer.

T 7 7
eg x>-1, x<—orx>-1"or" X<—orx > —1 "blank space” X<— score M1AO

-
BUT allow x> -1 and X< to score M1A1 (the “and” mmust be seen)

Also (—1.1]} will score M1A1

NB x<-Lx<2Z is of course MDAO and a number line even with “open” ends is MOAO

Allow 3.5 instead of-z-

Blft for —1<x < 2.8 (1gnoring their previous answers) or ft their answers to part (a)
and part (b) provided both answers were regions and not single values.

Allow use of “and” between inequalifies as in part (b)

If ther set 15 empty allow a swtable description in words or the symbol &,

Common error: If (a) 15 correct and in (b) they simply leave their answeras x<—1,
x < 3.5 then m (c) x < —1 would get B1ft as this 15 a correct follow through of these 3 inequalities.

Penalise use of < only on the Al in part (b). [1.e. condone in part (a)]




Q2.

Question
Number

Scheme

Marks

(a)

Gx+x >1-8

Attempts to expand the bracket and
collect x terms on one side and
constant terms on the other.
Condone sign errors and allow one
error in expanding the bracket.
Allow <, £,z = instead of =,

M1

x>—-1

Cao

Al

Do not isw here. mark their final answer.

(2)

(b)

(x+33x-1)[=0]

=x=_3 am‘-‘l
3

MI: Attempt to solve the quadratic
to obtain two critical values

1
Al: x=-3 and g(nm'_i.rhe mmplied by

their mequality). Allow all equivalent
fractions for -3 and 1/3. (Allow 0.333
for 1/3)

MI1Al

3

M]1: Chooses “inside™ region (The
letter x does not need to be used

here)

1
Alft: Allow x < Eand x=-3or

1 1
{—ig] or x < Eﬁx > —3. Follow

through their critical values. (must
be in terms of x here) Allow all
equivalent fractions for -3 and 1/3.

Both(x =< jlor x>=3)and

1
(x< 3’ X > =3) as a final answer

score AD,

MI1Alft

(4)

[6]

Note that use of <or zappearing in an otherwise correct answer in (a) or (b)
should only be penalised once. the first time it occurs.




Q3.

s Scheme Marks
y=3x-2 (x-2)-x-6x'(=0) M
9x” —12x4+4—x—6x" =0
3x?-13x+4=0 (orequiv,eg 3x’ =13x-4) M1 Alcso
Gx-Dx-4)=0 x=.. x=§(of exact equivalent) x=4 M1 At
y=-1 y=10 (Solutions need not be “paired”) | M1 Al

7]

1" M: Obtaining an equation in x only (or y only). Condone missing “= 0~
Condone sign slips. e.g. (3x+2)* —x—6x" =0 but not other algebraic
mustakes (such as squanng individual terms... see bottom of page).

2™ M: Multiplying out their (3x —2)*. which must lead to a 3 term quadratic.
1e ax’ +br+c, where a=0, b= 0, ¢+ 0. and collecting terms.

3 M: Solving a 3-term quadratic (see general principles at end of scheme).

2™ A: Both values.

4% M- Usmng an x value, found algebraically. to attempt at least one ¥ value
(or using a y value, found algebraically. to attempt at least one x value). ..
allow b.o.d. for this mark in cases where the value 15 wrong but working
15 not shown.

3™ A: Both values.

If y solunons are given as x values, or vice-versa, penalise at the end, so that it
15 possible 1o score M1 M1A1 M1 Al MO AD.

“Non-algebraic” solutions:
No working, and only one correct solution pair found (e.g. x =4,y =10):

MO MO A0 MO A0 M1 AD
No working, and both correct solution pairs found, but not demonstrated:

MO MO A0 M1 Al M1 Al
Both correct solution pairs found, and demonstrated: Full marks

Alternative:
2

y+2 + Pi2 6[y+2

_ B i o M1
=3 ¥ 3 3

+2 P4y +4
S ML T A il R y1-9y-10=0 MI Al

3 9

+D(-100=0 y=___ y=-1 y=10 M1 Al

x:% =4 M1 Al

Squanng each term in the first equation
eg 3’ -9x" +4 =0, and using this to obtain an equation in x only could score

at most 2 marks: MO M0 A0 M1 A0 M1 AO.




Q4.

Question

ik Scheme Notes Marks
Ignore any references to the units in this question
@) lengthis ‘x + 4° May be implied Bl
2x+2(x+4)>19.2 and proceeds to x =
..... Accept ‘invisible” brackets)
+x+4+x+44>192= x>, | (Accept'n M1
tramamamaeas = Attempts 2 widths + 2 lengths > 19.2
leadingtox > .......
Eg x+x+4dx+4x>19.1= x>1.92 scores BOM1AD
x>28% Achieves x > 2_8 with no errors Al(®
3)
Mark parts (b) and (c) together
(b)) x(x+4)< 21 Cao Bl
bii) 1 . Multiply out Ihs, produce 3TQ =0 and
( _;;{"’4;—'[:{0 attempt to solve leading to x =__ according | M1
+ - =... B
2 =Bl to general puidelines
MI1: Attempts the ‘mside’ for thewr critical
values (may be from a 2TQ here)
Al: Accepteither-7<x<3or0<x<3or
Either -7 <x<3or0<x<3 (x>-Tandx<3or(x>0andx<3)but | MIAL
noteg (x>-T,x<3or(x>-Terx<3)
{There is no specific need for them to
realise x > 0)
Note that many candidates stop here
4
’ Follow through their answers to (a) and (b)
28<
©) S Provided “their 3” > 2.8 oA
(1)

(8]

Examples

rx=4)<2l=>x" =4x-21<0
(x=Tx+3) <0 x=T.x==3
=3<x<Tor0<x<7

28<x<?
Scores BOMIMI1AOBI1ft

axdx<2l=4x" -21<0

-

(2x=21)(2x+421) < 0. x =22
V21 V21 V21

21 2
- cx<—ogrll<x<

2

[ 2]

21

28<x<

-

Scores BOMOM1AO0BO




X

Silver Questions

Calculators may not be used

The total mark for this section is 34

Q1

Find the set of values of x for which
(@) 4x—3>7—x

2
(b) 2x*—5x—12<0
C))
(c) both4x—3>7—x and 2x* —5x—12<0
(1)
Q2
Given the simultaneous equations
2x+y=1
x> —4ky+5k=0
where k is a non zero constant,
(a) show that
X+ 8kx+k=0
2
Given that x* + 8kx + k = 0 has equal roots,
(b) find the value of £.
3)
(c) For this value of £, find the solution of the simultaneous equations.
3)

(Total for Question 2 is 8 marks)




Q3

Solve the simultaneous equations
x+y=2
4y’ —x* =11

(Total for Question 3 is 7 marks)

Q4

The equation
(k+3) x> + 6x + k=5, where k is a constant,
has two distinct real solutions for x.
(a) Show that £ satisfies
K —2k—24
“4)
(b) Hence find the set of possible values of .
3)

(Total for Question 4 is 7 marks)

Q5

(i) Show that x? — 8x + 17 > 0 for all real values of x

€))

(i1) "If I add 3 to a number and square the sum, the result is greater than the square of the
original number."

State, giving a reason, if the above statement is always true, sometimes true or never true.

@)

(Total for Question 5 is 5 marks)

End of Questions



Silver Mark Scheme

Q1
Question
Rignbar scheme Marks
Q (a)|5x>10. x>2 [Condone x >4 =2for M1A1] M1, Al
(2)
(b) 2 3
(2x+3x—4)=0, *Critical values' are — = and 4 M1, A1
3
el M1 Alfe
(4)
€)| 2<x<4 Bift i)
(7]
(a) | M1 for attempt to collect like terms on each side leading to ax > b, orax<b, or ax="5
Must have a or b correct so eg 3x = 4 scores MO
(b) | 1" M1 for an attempt to factorize or solve to find critical values. Method must

potentially give 2 critical values

1Al for ——3:— and 4 seen. They may write x < —% . x< 4 and still get this Al

2 M1 for choosing the “inside region™ for their critical values
™ Alft follow through their 2 distinct critical values

Allow x = e with “or™ “," “u™“* xr< 4 to score M1AO but “and” or “ * score

M1Al
re(—3.4)1s M1ATbw x e[-3.4]1s M1AD. Score MOAD for a number line or graph

only

(c)

Blft Allow if a correct answer is seen or follow through their answer to (a) and
their answer to (b) but thewr answers to (a) and (b) must be regions. Do not
follow through single values.

If their follow through answer is the empry set aceept & or {} or equivalent in
words
If (a) or (b) are not given then score this mark for cao

NB  You may see x<4 (with anything or nothng m-between) x < -1.5 in (b) and
empty set in (c) for B1{t
Do not award marks for part (b) if only seen in part (c)

Use of = instead of < (or 2 instead of =) loses one accuracy mark only, at first
[aludid g =i TN




Q2.

Question
Number

Scheme

Marks

(a)

x* = 4k(1-2x) + Sk(=0)

Makes y the subject from the first equation
and substitutes into the second equation

(= 0 not needed here) or eliminates y by a
correct method.

M1

So x* +8kx+k=0*%

Correct completion to printed answer. There
must be no incorrect statements.

Alecso

2)

(b)

(8k)* - 4k

M1: Use of b* = 4ac (Could be in the
quadratic formula or an inequality, = 0 not
needed yet). There must be some comrect
substitution but there must be no x’s. No
formula quoted followed by e.g.

8k* — 4k = 01s MO.

Al: Correct expression. Do not condone
mussing brackets unless they are imphed by

later work but can be implied by (8k)* > 4k
etc.

M1 Al

Cso (Ignore any reference to k= 0) but there
must be no contradictory earlier statements.
A fully correct solution with no errors.

Al

(3)

(b)
Way 2
Equal

roots

= 2 +8kx + k = (x+vk)?
=sk=2k

M1: Correct strategy for equal roots

Al: Correct equation

MI1AL




Qs.

Question Scheme Marks
Number
Either Or
y’=4—41+x! xl=4—4_'.-'+1v! M1
A 4-4x+x)-x"=11 | ' -(d-4y+yH)=11 -
or 42-x)2-x'=11 |eor 4y’-(2-y)*=11
3x' —16x+5=0 3y° +4y-15=0 Correct 3 terms Al
Ix=1)(x-5)=0, x=
RISt B e e
1
Ty T y=— y=-3 Al
3
- ==3 - =5 M1 Al
],_;- V== _\’—3' X=
M
7
Notes

1" M: Squaring to give 3 or 4 terms (need a middle term)

2™ M: Substitute to give quadratic in one variable (may have just two terms)

39 M: Attempt to solve a 3 term quadratic,

4B M Attempt to find at least one y value (or x value). (The second vanable)

This will be by substitution or by starting again.

If y solutions are given as x values. or vice-versa. penalise accuracy. so that 1t 1s possible

to score M1 M1A1 M1 A0 M1 AO.

“Non-algebraic™ solutions:

No working. and only one correct solution pair found (e.g. x =5,y =-3):
MO MO AD M1 AD M1 AD
No working. and both correct solution pairs found. but not demonstrated:
MO MO A0 M1 Al M1 Al
Both correct solution pairs found, and demonstrated: Full marks are possible (send to
review)




Q4.

Question

Scheme Marks

(a)

Method 1: Attempts b* — 4ac for a = (k +3), b=6 andtheirc. c#k M1
b —4ac=6" - 4(k + 3)(k - 5) Al

3 3 —Ap? Bt — s I _ ek ; ; ;
(0" —4ac=) -4kK° +8k+96 . —-(b°-4ac=) 4k’ -8k aﬂ{wlmmpmmgﬂmc B1
SITOTS)
As b —dac>0 then -4k +8k +96>0 andso, k* —2k—24<0 Al #*

Method 2:  Considers b’ >4ac fora=(k +3). b=6 andtheirc. c#k M1
6> 4k + 3)(k - 5) Al

4#’—3#—964:0 ar —4k_+sk+96:‘0 or g>(k+3}{k—5} {“’iﬂlmpﬂﬂrﬁlgﬂbfﬂlf B1
SITOTS)

and so, k¥ — 2k — 24 < 0 following correct work Al *

[4]

(b)

Aftempts to solve & — 2k - 24=0 to give k= (= Critical values, ¥ = 6, —4.) M1
B -2k-24<0gives -4<k<6 M1 Al

[3]

7 marks

MNotes

(a)

Method 1: M1: Attempts b* — dac for a = (k + 3), b= 6 and theirc. ¢# k or uses quadratic formula
and has this expression under square root. (ignore = 0, < 0 or = 0 for first 3 marks)

Al: Correct expression for b — dac - need not be simplified (may be under root sign)

B1: Uses algebra to mampulate result without ervor into one of these three term quadratics. Agam may be
under root sign i quadratic formula. If nequality 1s used early i “proof” may see

4k -8k -96<0 and B1 would be given for 4k” — 8k — 96 correctly stated.

Al: Applies b — 4ac > 0 correctly (or writes b — 4ac > 0 ) to achieve the result given in the question.
No errors should be seen. Any incorrect line of argument should be penalised here. There are several ways of
reaching the answer, either multiplication of both sides of mequality by -1, or taking every term to other side
of equality. Need conclusion i.e. printed answer.

Method 2: M1: Allowd® >4ac b <4dac or b’ =dac fora=(k +3). b=6 andtheirc. c# k

Al: Correct expressions on ei'lht.:r side (1gnore >, < or =).

B1: Uses algebra to mampulate result into one of the two three term quadratics or divides both sides by 4
again without error

Al: Produces result with no errors seen from initial consideration of b >4ac .

)

M1: Uses factorisation, formula, completion of square method to find two values for k| or finds two correct
answers with no obwvious method

M1: Their Lower Limit < k£ < Their Upper Limit  Allow the M mark mark for < . (Allow k < upper and k>
lower)

Al: -4 <k < 6 Lose this mark for = Allow (-4, 6) [not square brackets] or k> -4 and ¥ < 6 (must be and
not or) Can also use mtersection symbol m NOT k> -4, k<6 (M1AD)

Special case : In part {(a) uses c =k instead of k - 5 - scores 0. Allow & + 5 for method marks

Special Case: In part (b) Obtaining =6 < k<4 This 15 a common wrong answer. Give M1 M1 A0 special
case.

Special Case: In part (b) Use of x instead of K — MIMIAO

Special Case: -4 <k < 6 and k< -4, k> 6 both given 1s MOAO for last two marks. Do not treat as 1sw.




Q5.

Question Scheme Marks | AOs
® | P _gx+17=(x-4) -16+17 Ml | 3la
=(x— 4}2 +1 with comment (see notes) Al 1.1b
As (x—4}2 =0 :>(x—4)2+1;31 hence x> —8x+17>0 forall x Al 2.4
3)
(ii) For an explanation that it may not always be true
2 2 M1 23
Testssay x=—5 (—5+3) =4 whereas (—5) =25
States sometimes frue and gives reasons
Eg when x=5 {5+3}2 =64 whereas (5)2 =25 True Al 24
When x=-5 (-5+ 3)° =4 whereas (—5) =25 Not true
(2)
(5 marks)




Notes
(i) Method One: Completing the Square

M1: For an attempt to complete the square. Accept (x = 4]

Al: For (x— 4)2 +1with either (x—4)2 :—30,{;{—4)3 +121 or min at (4,1). Accept the inequality

statements in words. Condone (1—4)2 = 0 or a squared number 15 always positive for this mark.

Al: A fully written out solution, with correct statements and no incorrect statements. There must

be a valid reason and a conclusion

x —8x+17
=(x-4) +1=1as(x—4) >0
Hence (x—4) +1>0

X —8x+17>0

(x—4)2+1>{}

2

scores M1 Al Al

scores M1 Al Al

This is true I:ne::ause{x—4)2 =0 and when you add 1 1f 1s goimng to be positive

X —8x+17>0
(1—4)2+1>{}

which 1s true because a squared number 1s positive

x —8x+17=(x—4)" +1

Minimum 1s (4.1) so X —8x+17>0

x —8x+17=(x—4)"+1

Minimum 15 (4.1)soas 1 =0 —x —8x+17>0

scores M1 Al AO

incorrect and incomplete

scores M1 Al AD

correct but not explained

scores M1 Al Al

correct and explamed




Gold Questions

Calculators may not be used

The total mark for this section is 27
Q1

The equation
X +hke+8=k
has no real solutions for x.
(a) Show that k satisfies k* + 4k — 32 <0.
3
(b) Hence find the set of possible values of k.
C))

(Total for Question 1 is 7 marks)

Q2

Given that the equation 2gx?> + gx — 1 = 0, where ¢ is a constant, has no real roots,
(a) show that g* + 8¢ <O0.

(2)
(b) Hence find the set of possible values of g.

€))

(Total for Question 2 is 5 marks)

Q3

The equation 20x? = 4kx — 13kx? + 2, where k is a constant, has no real roots.
(a) Show that £ satisfies the inequality
2i2+ 13k +20<0

C))
(b) Find the set of possible values for k.

“)

(Total for Question 3 is 8 marks)

@ Pearson



Q4

(a) By eliminating y from the equations
y=x—4
2x2 —xy =28,
show that
¥ +4x—-8=0
2
(b) Hence, or otherwise, solve the simultaneous equations
y=x—4,
2x2 —xy =28,
giving your answers in the form a + b\3, where @ and b are integers.

©))

(Total for Question 4 is 7 marks)

End of Questions



Gold Mark Scheme

Question Scheme Marks
number
(a) kot (8-Kk) (=0) 8 — k need not be bracketed L M1
b —dac=k'—48-k) - M1
b —dac<0 = k* +4k-32<0 Q) Alcso 3
(L) (k+8)k—-4)=0 k= M1
k=-8 k=4 Al
Choosing "inside’ region (between the two I values) M1
-8<k<4 or 4=k>-8 Al (4

(a) 1" M: Using the k from the right hand side to form 3-term quadratic in x
('=10' can be implied), or__.

k 2 k:

attempting to complete the square ‘ x+ 5 ‘ T +8—k [:= GJ Of equiv.

using the & from the right hand side.
For either approach, condone sign errors.

1* M may be implied when candidate moves straight to the discriminant

74 M: Dependent on the 1% M.
Forming expressions in & (with no x’s) by using b* and 4ac . (Usually
seen as the discriminant 5° — 4ac . but separate expressions are fine.
and also allow the use of 5% +4ac.

(For 'completing the square’ approach. the expression must be clearly
separated from the equation in x).

If 5" and 4ac are used in the quadratic formula. they must be clearly
separated from the formula to score this mark.

For any approach, condone sign errors.

If the wrong statement Vb —4dac <0 is seen. maximum score is M1 M1 AQ.

(b) Condone the use of x (instead of &) 1 part (b).
1st M: Attempt to solve a 3-term quadratic equation mn k.
It mught be different from the given quadratic in part (a).

Ignore the use of < in solving the equation. The 1¥ M1 Al can be scored if
—8 and 4 are achieved. even if stated as £t < -8, F<4.
Allow the first M1 Al to be scored in part (a).
NB. ‘kt>-8. k<4 scores 254 M1 A0

‘k>-8 or k<4 scores 2 M1 A0

‘k>-8 and k<4 scores 2" M1 Al

“k=-7,-6.-5. -4 -3 -2 -1 0.1 2. 3" scores 2* M0 A0

Use of = (1n the answer) loses the final mark.




Q2.

Question , .
Number Scheme Marks
{a) | [No real roots implies b —dac <0 1 b —dac = gj — 4= 2g x| —1:] M1
So q2—4x2q><{—1}<10 ie. g:+8g~i0 (%) Al cso(2)
®) | glg+8)=0 or (g4 £16=0 M1
(g) =0or -8 (2 cvs) Al
—B=g=<0 or g (-8.0) or g=Q0andg=-8 Al ft(3)
(5 marks)
Q3.
(b) M2 134+ 20=0=>k = _ Attempt to solve the given quadratic to
e find 2 values for k. See general M1
Qik+5)k+H=0=2k=... guidance.
Both comrect. May be implied by e g
k< —%. k< —4 or seen on a sketch If
5 they u.:;e the quadratic formula allow
:}k=_i"_4 _Bigfor this mark but not /o for 3 Al
and allow e.g. —%:;if they complete
the square.
M1: Chooses “inside’ region for their
~ critical values 1e.
_4..:,{—{_1 Lower Limit < & < Upper Linitor e.g.
2 Jo | Lewer Limit <k < Upper Limit
Allow equivalent values e.g. — 7 Al: Allow je(—_—Zorjust (—4.—3) MIAI
i e the critical values must be in the | ad allow k>—4and &k <—25and
5 5
form < where a and b are integers | ~5; Fk>—4but k>—4 k<-o
E] ¥ ¥
scores M1AD. _% < o <—4 15 MOAD
Allow working in terms of v in (b) but the answer must be in terms of I for the final mark.
4)
(8 marks)




Q4.

Question Scheme Marks
number
(a) 2x" —x(x—4)=8 M1
X +4x-8=0 (*) Alcso (2)
—4% 4 —(4x1x-8
(b) x= ,}' J or (x+2) £4-8=0 M1
x= -2 + (any correct expression) Al
Ji8 =163 =43 or J12=A43=23 Bl
y= [— 2423 ,— 4 M: Attempt at least one y value M1
x==2+23. y=-6+23 x=-2-2f3, y=-6-243 Al (5)
7
(a) M1  for correct attempt to form an equation in x only. Condone sign errors/slips but attempt at
this line must be seen. E g 23t — 3 +4x =8 1s OK for M1
Alcso for correctly simplifying to printed form. No incorrect working seen. The = 0 is required.
These two marks can be scored in part (b). For multiple attempts pick best.
(b) 1¥ M1 for use of correct formula. If formula is not quoted then a fully correct substitution is
required. Condone mussing x = or just + or — mnstead of + for M1.

For completing the square must have as printed or better.

If they have x> —4x—8=0 then MI can be given for [:x— 2)2 T4-8=0.
1" Al for -2 + any correct expression. (The =+ 1s required but x = is not)
Bl for simplifying the surd e.g. -.!4-_3: 4—@ Must reduce to b-j?: 50 -.1'1_64'3: or JI-J'?T are OK.
2*4 M1 for attempting to find at least one v value. Substitution into one of the given equations

and an attempt to solve for v.

2" A1 for correct v answers. Pairings need not be explicit but they must say
which 1s x and which v.

Mis-labelling x and y loses final Al only.




Platinum Questions

Calculators may not be used &%

The total mark for this section is 13

(a) Find the set of values of & for which the equation

2
+3x+8
xz—x s
X +x-2
has no real roots.
(6)
|
|
|
|
|
|
|
— — — .'_ _______
| | V=
| ! >
! 0 ! X
| |
| |
| |
| /\ |
| |
| \ |
| |
| |
xX=a x=b
Figure 3
2
. . ) x“+3x+8
Figure 3 shows a sketch of the curve C1 with equation y = f(x) where f(x) = 2—2 =k
X" +x—
The curve has asymptotes x = a, x = b and y = ¢, where a, b and c are integers.
(b) Find the value of a, the value of b and the value of c.
C))
(¢) Find the coordinates of the points of intersection of C; with the line y =2
(©))

(Total for Question 1 is 13 marks)




Platinum Mark Scheme

Qu Scheme Mark
7(a) X 43x 8=k +hr—2k = 0=(k—1)x*+(k—3)x—(2k+8) M1
No real roots so “b> —4ac < 0” = (k—3)* +4(k—1)(2k +8) [< O] M1
So 9k’ +18k—23[<0] M1A1
(k+1)2—1—§[< 0] M1
k=—liﬂ so —1—£<k<—1+£ (0.e.) Alcso
3 3 3
(6)
(b) x’ +x—2=(x+2)(x—1) M1
x=—2, x=1 or a=-2 and b=1 Al1A1
Division or limits of x y=1 or c=1 B1
(4)
() |fx)=2= x*-x-12=0 M1
ie. (x—4)(x+3)=0 sox=4 or -3 M1
Coordinates are (—3, 2) and (4, 2) Al
(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 AS and A Level Mathematics: Pure Mathematics Year 1/AS’ 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

Calculators may not be used

The total mark for this section is 29

Q1

Lad
-

2,-1)

Figure 1

Figure 1 shows a sketch of the curve C with equation y = f(x). There is a maximum at (0, 0), a
minimum at (2, —1) and C passes through (3, 0).

On separate diagrams sketch the curve with equation
(a) y =f(x + 3),

(©))
(b) y = f(=x).

3

On each diagram show clearly the coordinates of the maximum point, the minimum

point and any points of intersection with the x-axis.

(Total for Question 1 is 6 marks)




Q2

e PR DS P g

=2

Figure 1

Figure 1 shows a sketch of the curve with equation y = f (x) where

X

, X#2
x—2

f(x)

The curve passes through the origin and has two asymptotes, with equations y =1
and x = 2, as shown in Figure 1.

(a) Sketch the curve with equation y = f (x — 1) and state the equations of the asymptotes
of this curve.

€))

(b) Find the coordinates of the points where the curve with equation y = f (x - 1) crosses
the coordinate axes.

“)

(Total for Question 2 is 7 marks)




Q3

Ya

y = f(x)
0, 4)

v

(-1. 07 o (2.0) x

Figure 1

Figure 1 shows a sketch of the curve C with equation y = f(x)
The curve C passes through the point (=1, 0) and touches the x-axis at the point (2, 0)

The curve C has a maximum at the point (0, 4)

(a) The equation of the curve C can be written in the form

y=x>+ax*+bx+c
where a, b and c are integers.

Calculate the values of a, b and c.

(6))
. : 1
(b) Sketch the curve with equation y =f (Ej
Show clearly the coordinates of all the points where the curve crosses or meets the
coordinate axes.
(&)

(Total for Question 3 is 8 marks)




Q4

(a) Sketch the graphs of

y=x(x+2)(3~x)

showing clearly the coordinates of all the points where the curves cross the coordinate
axes.

(6)

(b) Using your sketch state, giving a reason, the number of real solutions to the equation
x(x+2)(3—x)+g =0
X
(2)

L

(Total for Question 4 is 8 marks)

End of Questions



Bronze Mark Scheme

Q1
iy Scheme Marks
(a)
N Shape /\j . touching the x-axis at its M
.'I TOAXIT.
/
a4 ' . Through (0.0) & -3 marked on x-axis, A
F‘ or (—3,0) seen.
/ Allow (0,—3) if marked on the x-axis.
, / Marked in the correct place, but 3, is A0.
/
| s Minat (-1—1) Al
(3)
(b) i - Correct shape
| (top left - bottom right) B1
I|
'-.H Through -3 and max at (0, 0). B1
3\ *\ . Marked in the correct place, but 3, 1s BO.
*\ B1
\ Min at (2.~ 1) (3)
o \
- (6]
(a) | M1 as described above. Be generous. even when the curve seems to be composed of

(b)

straight line segments, but there must be a discermble ‘curve’ at the max. and nun,
1" Al for curve passing through —3 and the onigin Max at (-3.0)
2™ Al for minimum at (—1.—1). Can sumply be mdicated on sketch.

1*B1 for the correct shape. A negative cubic passing from top left to bottom right.
Shape: Be generous, even when the curve seems to be composed of straight
line segments, but there must be a discermble ‘curve’ at the max. and nun.
Bl for curve passing through (—3,0) having a max at (0, 0) and no other max.
3Bl for minimum at (—2.—1) and no other minimum.
If in correct quadrant but labelled, e.g. (=2.1), this 15 BO.

In each part the (0. 0) does not need to be written to score the second mark .. having
the curve pass through the ongin 15 sufficient.

The last mark (for the mmimum) in each part is dependent on a sketch being
attempted, and the sketch must show the munimum in approximately the cormrect place
(not, for example, (-2,-1) marked in the wrong quadrant).

The mark for the minimum 15 not given for the coordinates just marked on the axes
unless these are clearly linked to the munimum by vertical and honizontal lines.




Q2

Question
HMumber Scheme Marks
(a) ’ Ccrre_ct shape with a single B1
\ crossing of each axis
v=1 ——
y-1 — v=1 labelled or stated B1
\ =3 x =3 labelled or stated B1
% (3)
(b) Horizontal translation so crosses the x-axis at (1, 0)
B1
. x*l M
New equationis (y=)————
" )i
Whenx=0 y= M
_ % A1

(4)
7

Notes

(b)

Bl for point (1.0) identified - this may be marked on the sketch as 1 on x

axis. Acceptx=1.

1**M1 for attempt at new equation and either numerator or denominator
correct

2™ M1 for setting x = 0 1n their new equation and solving as far as y=__.

Al for % or exact equaivalent. Must see y = % or (0, %) or point

marked on y-axis.
Alternative
f(-1)= 1_—12 = % scores M 1IM1AOQ unless x =0 1s seen or they write the

pont as (0, % Jor grve yv=1/3

Answersonly: x=1, y=1/3 1s full marks as1s ( 1.00 (0. 1/3)
Just 1 and 1/3 1s BO M1 M1 A0

Special case : Translates 1 unit to left
(a) BO, B1, BO
(b) Mark (b) as before
May score B0 M1 M1 A0 so 3/7 or may ignore sketch and start again
scoring full marks for thas part.




Q3

Question
Number

Scheme

Notes

Marks

(a)

fx)=(x+1)(x-2)°

M1: Either stating or writing down that
(x £ 1) or (x £ 2) 15 a factor — may be
implied by their f{x)

Al: Both (x + 1) and (x - 2) are factors -
may be implied by thewr f{x)

Bl: yor fix)= (x + 1)(x - 2)

MI1A1B1

=(x+1)(x —dx+4) =" - 32" +4

M1: Multiplying out a quadratic to get 3
terms and then multiplying by the linear
term to form a cubac.

Al: ¥ =3 +4ora=-3,b=0,c=4

MI1Al

(3)

(b}

Same shape and position
(1znore any coordinates)
with the maximmm on the
V-ax15

Bl

y mtercept = 4 or their *¢’

Blft

x coordinates at -2 and 4
or marked as coordinates,
Allow (0, -2) and (0, 4) 1f
they are marked in the
correct position.
The curve must cross or
at least stop at x = -2

Bl

(3)

(a)
Way 2

r=0y=4=>¢c=4

Uses (0, 4) to obtamn ¢ = 4 (can
be just stated)

Bl

x=-Ly=0=-l+a-b+ec=0

x=2y=0=8+4a+2b+c=0

Uses both (-1, 0) and (2, 0) in
y=x+ax +bx+e¢ toform
2 sinultaneous equations.
Allow the equations to contain
¢ here.

M1

a-b=-3
da+2b=-12

=g=._.0rb=..

Solves simmltaneously with a
value for ¢ to obtamn a value for

a or a value for b

M1

Eithera=-3orbh=0

Al

Botha=-3and b=0

Al




(a)
Way 3

dv

M1: " — " at least once

= =3x" +2ax+b . M1
dx meluding ¢ 2 0
dv
x=0=>d;l=ﬂ=:rb=ﬂ Correct value for b Al
™
i b = Uses (0, 4) to obtain ¢ = 4 (can be
x=0y=4=c=4 iust stated) Bl
32y +2a(2)+b=0or : E
; E Obtains an equation in a M1
(1’ +a(-1) +b(-)+4=0
a==3 Correct value for a Al

()

Special case:
A common ncorrect approach 15 to assume the cubic 15 of the forme g.

fx)=x(x£1)(x+2)+4
This scores Bl only for e =4

(8]




Q4

Question
Humber Scheme Marks
(a) \ [|* (1) correct shape ( -ve cubic) B1
\ | Crossing at (-2, 0) B1
.' ) Through the origin B1
/ N\ Crossing at (3.0) B1
- j'l,._——-/ﬂ l' 3 I
- A 5 — (11) 2 branches in correct B1
i 20! / guadrants not crossing axes
, \ One intersection with cubic on
|I \ each branch
B1
(6
(b) | “2” solutions Bift
Since only 27 intersections dB1ft

(2)
8

Notes

(b)

Blft for a value that is compatible with their sketch
dB1ft This mark is dependent on the value being compatible with their

sketch.

For a comment relating the number of solutions to the number of

mtersections.

[ Only allow 0. 2 or 4]




X

Silver Questions

Calculators may not be used

The total mark for this section is 30

Q1
VA
-
0, X
Figure 1
. . . 3
Figure 1 shows a sketch of the curve with equation y =—, x#0
X
(a) On a separate diagram, sketch the curve with equation y = 3 > x#-2,
X+

showing the coordinates of any point at which the curve crosses a coordinate axis.
3)
(b) Write down the equations of the asymptotes of the curve in part (a).
(2)

(Total for Question 1 is 5 marks)




Q2

(3,27)

H‘r

Figure 1

Figure 1 shows a sketch of the curve C with equation y = f(x) where
fox) = x2(9 — 2x)

There is a minimum at the origin, a maximum at the point (3, 27) and C cuts the x-axis at
the point 4.

(a) Write down the coordinates of the point 4.

0y
(b) On separate diagrams sketch the curve with equation
@)y =1f(x+3)
(i1) y = f(3x)
On each sketch you should indicate clearly the coordinates of the maximum point and
any points where the curves cross or meet the coordinate axes.
(6)

The curve with equation y = f(x) + k, where k is a constant, has a maximum point at (3, 10).

(c) Write down the value of £.
1)

(Total for Question 2 is 8 marks)




Q3

(a) Factorise completely x* — 6x% + 9x

(&)
(b) Sketch the curve with equation
y= x> — 6x% + 9x
showing the coordinates of the points at which the curve meets the x-axis.
C))
Using your answer to part (b), or otherwise,
(c) sketch, on a separate diagram, the curve with equation
y=(x—-2)—6(x—2)>+9(x —2)
showing the coordinates of the points at which the curve meets the x-axis.
(2)

(Total for Question 3 is 9 marks)

Q4

The curve C has equation

k2
y=—+I1 xell,x#0
X

where k is a constant.

(a) Sketch C stating the equation of the horizontal asymptote.
(©))
The line / has equation y =—2x + 5

(b) Show that the x coordinate of any point of intersection of / with C is given by a solution
of the equation

22 —4x+ k=0
(2)

(c) Hence find the exact values of k for which / is a tangent to C.

€))

(Total for Question 4 is 8 marks)
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Silver Mark Scheme

Q1
Question Scheme Marks
number
@ ,
Translation parallel to x-axis M1
\k__q______1 Top branch intersects +ve y-axis
'-\ : 1 Lower branch has no intersections Al
' No obvious overlap
T, 3y 3 .
(UE] or 3 marked on y- axis Bl (3)
b) x=-2, y=0 Bl Bl (2)
S.C. | [Allow ft on first B] for x = 2 when translated “the wrong way™ but must be
compatible with their sketch ]
5

(a) M1  for a honizontal translation — two branches with one branch cutting y — axis only.
If one of the branches cuts both axes (translation up and across) this 1s MO.

Al for a honizontal translation to left. Ignore any figures on axes for this mark.

B1 for correct intersection on positive y-axis. More than 1 intersection 1s B0.

x=0 and y = 1.3 1n a table alone is insufficient unless intersection of their sketch 1s with +ve y-axis.
A point marked on the graph overrides a point given elsewhere.

(b)) | 1Bl for x=—2. NBx =-2 is BO.
Can accept x =+2 1f this 1s compatible with their sketch.
Usually they will have M1A0 m part (a) (and usually B0 too)
2Bl fory=0.

S.C. If x=-2 and y =0 and some other asymptotes are also given award B1B0

The asymptote equations should be clearly stated in part (b). Simply marking x =2 or y =0
on the sketch 1s insufficient unless they are clearly marked “asymptote x =-27 etc.

@ Pearson



Q2

Chuestion
Naanbics Scheme Marks
(a) | {Coordinates of 4 are} (4.5, 0) See notes below | Bl
_ ]
() Y4
27 Hornzontal translation | M1
-3 and their ft 1.5 on postitive x-aos | Al ft
Maxinmm at 27 marked on the y-axis | Bl
=,
-3 o T [3]
(1)
}’li
2
e Correct shape, mininmm at (0, () and a M
l.5onx-axis | Al ft
Maxinmm at (1. 27) | Bl
1.5 .
x
3]
(c) {k=} 17 Bl [
8
Notes
(a) Bl: Forstating either x=450orsor L etc. or 4=450r3 or (45,0). Canbe written on graph
Allow (0, 4.5) marked on curve for Bl. Otherwise (0, 4.5) without reference to any of the above is B0.
(b)(1) | M1: for any honizontal (left-right) translation where mumnmm is still on x-axis not at (0, 0).
Ignore any values.
Alft: for -3 (NOT 3) and 1.5 (or their x in part (a) — 3) evaluated and marked on the positive x-axis.
Allow (0. —3) andior(0, ft 1.5) rather than (—3. 0) and (ft 1.5, 0) if marked in the
“correct” place on the x-axis. Note: Candidate cannof gain this mark if their x in part (a) 1s less than 3.
Bl: Maximmm at 27 marked on the y-axis. Note: the maxinmum nmst be on the y-axis for this mark
(i) M1: for comect shape with mininmm still at (0, 0) and a maxinmm within the first quadrant. Ignore values.
Alft: for w; as intercept on x-axis Eg:zjml.j m%u% Note: ageneralisedg 15 AD.
Allow (0, ft 1.5) rather than (ft 1.5, 0) if marked m the “correct” place on the x-axis.
Bl: Maxwmum at (1, 27) or allow 1 marked on the x-axis and the corresponding 27 marked on the y-axis.
Note: Be careful to look at the correct graph. The candidate may draw another graph to help them to
answer part (c).
Note: You can recover (b)) (—3. 0)and (f1.5.0) orin (b)(u) (f 1.5, 0) as correct coordinates only in
candidate’s working if these are not marked on their sketch(es).
©) Bl: for (k=) —17 only. BEWARE: This could be written in the middle or at the bottom of a page.

@ Pearson




Q3

Question

(b)

(c)

BOMI1AO
Do not award marks for factorising in part (b}

For the graphs
“Sharp points™ will lose the 1¥ B1 in (b) but otherwise be generous on shape

Condone (0. 3) in (b) and (0. 2), (0.5) in () if the points are marked in the
correct places.
2Bl fora curve that starts or terminates at (0, 0) score BO

4" B1ft for a curve that touches (not crossing or terminating) at (a. 0) where their
y=x(x —a}z
M1 for their graph moved horizontally {only) or a fully correct graph
Condone a partial stretch if ignoring their values looks like a simple
translation
Al for their graph translated 2 to the right and crossing or touching the axis at 2
and 5 only

Allow a fully correct graph (as shown above) to score M1A1 whatever
they have in (b)

Shknber Scheme Marks
Qa fla) x(x? —6x+9) B
=x(x—-3)x-3) M1 AT (3)
(b) T Shape /-\/ B1
1 7 [ e ; B1
¥ 2 FH\ —F Through orngin (not touching)
i AR ‘\\ k] Touching x-axis only once B1
' T — Touching at (3, 0). or 3 on ¥-axis B1ft (4)
I [ 2 T [Must be on graph not in a table]
ic)
" | Moved horizontally (either way) M1
A 1 (2.0) and (5. 0), or 2 and 5 on x¥-axis Al(2)
2 lf \ /
,."' sl g
] s
[9]
(al | B1 for comrectly taking out a factor of x
M1 for an atempt to factorize their 3TQ e.z. (x+ p)(x + q) where | pq| =9,
So [1‘— 3)(x+3) will score M1 but AD
Al for a fully correct factorized expression - accept xi{x— 3
If they “solve" use ISW
5.C. If the only correct linear factor is (x - 3). perhaps from factor theorem. award




Q4

Question Scheme Marks AOs
(@)
1 M1 1.1b
— shape in 1st quadrant
X
Al 1.1b
e Correct
\1 Asymptote y =1 Bl 1.2
3
®) Combines equations = £+1= —2x+5 M1 1.1b
<
E ol ol ol ol *
f\m’_,‘l:‘»i’c‘+]_‘::=—2:::‘+5x:‘~2:::‘——1:::+Ic‘=0* Al 2.1
@)

(c) Attempts to set b’ —d4ac=0 M1 3.1a
8k* =16 Al 1.1b
k=12 Al 1.1b

3
(8 marks)




Notes

(a)
M1: For the shape of a L type curve in Quadrant 1. It must not cross either axis and have
x

acceptable curvature. Look for a negative gradient changing from —o to 0 condoning "slips
of the pencil". (See Practice and Qualification for clarification)
A1: Correct shape and position for both branches.
It must lie in Quadrants 1, 2 and 3 and have the correct curvature including asymptotic
behaviour
B1: Asymptote given as y = 1. This could appear on the diagram or within the text.
Note that the curve does not need to be asymptotic at y =1 but this must be the only
horizontal asymptote offered by the candidate.

(b)
M1: Attempts to combine y = L +1with ¥y =-2x+5to form an equation in just x
x

A1*: Multiplies by x (the processed line must be seen) and proceeds to given answer with no
slips.
Condone if the order of the terms are different 2 +k% —4x=0
(c)
M1: Deduces that b* —4ac =0 or equivalent for the given equation.
If a, b and ¢ are stated only accept a=2.b=%4,c=k" so 4 —1:2xk* =0

Alternatively completes the square x* —2x+%k: =0= [:.c—l]2 =1—%ﬂc2 = "1—%&72 "=0

Al: 8%k*=16 or exact simplified equivalent. Eg 8k —16=0

If @, b and ¢ are stated they must be correct. Note that b* appearing as 4° is correct

Al: k==+-2 and following correct a, b and ¢ if stated

A solution via differentiation would be awarded as follows

"

M1: Sets the gradient of the curve =-2= —k: =—l=x= ['i']i oe and attempts to
x ok

NA)

substitute into 297 —4x+ k2 =0
Al 2k =(%)242k oe
Al: k=12




Gold Questions

Calculators may not be used

The total mark for this section is 35
Q1

The point P (1, a) lies on the curve with equation y = (x + 1)2(2 — x).
(a) Find the value of a.

0y
(b) Sketch the curves with the following equations:
(i) y=@+1)?2-x),
. 2
(ii) y==
X
On your diagram show clearly the coordinates of any points at which the curves meet
the axes.
(6
(c) With reference to your diagram in part (b) state the number of real solutions to the
equation
2
x+1)7(2-x)==
(1) (2-1) =2
y 1)

Y

(Total for Question 1 is 7 marks)
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Q2

Vi

0 6
(3,-1)

Figure 1

=y

Figure 1 shows a sketch of the curve C with equation y = £ (x)

The curve C passes through the origin and through (6, 0)
The curve C has a minimum at the point (3, —1).

On separate diagrams, sketch the curve with equation

(a) y=1(2x),

(b) y=-1(x),

(¢) y=1(x+p), where p is a constant and 0 <p < 3.

€))

€))

C))

(Total for Question 1 is 10 marks)




Q3

a) Factorise completely x> + 10x* + 25x
(@) pletely

2
(b) Sketch the curve with equation
y=x+10x> + 25x
showing the coordinates of the points at which the curve cuts or touches the x-axis.
2
The point with coordinates ( —3, 0) lies on the curve with equation
y=(x+a)+10(x + a)* +25(x + a)
where a is a constant.
(c) Find the two possible values of a.
3)

(Total for Question 3 is 7 marks)

Q4

(a) On separate axes sketch the graphs of

(1) y=-3x+ ¢, where c is a positive constant,

. 1
(1) y=—+5
X

On each sketch show the coordinates of any point at which the graph crosses the y-axis
and the equation of any horizontal asymptote.

“4)
Given that y = —3x + ¢, where c is a positive constant, meets the curve y = l+ Sat two
distinct points, i
(b) show that (5 —c)*>2

3
(c) Hence find the range of possible values for ¢

C))

(Total for Question 4 is 11 marks)

@ Pearson



Gold Mark Scheme

Q1
m&:‘}n Scheme Marks
@ (a=) 1+1)°(2-1)=4 (1.9 or y=4 isalso acceptable L
(b)
@) Shape V\ or /‘/ anywhere B1
Min at (-1.0) ... can be —1 on x-axis.
Allow (0,—1) if marked on the x-axis. B1
Marked in the correct place, but 1, 15 BO.
(2. 0) and (0, 2) can be 2 on axes B1
(1)
Top branch in 1* quadrant with 2 "
mtersections L
Bottom branch in 3* quadrant (ignore any B 5
intersections) (%)
(c) | (2 intersections therefore) 2 (roots) K P}.]]

(b)

(c)

1"B1 for shap-ev\ or /\/Can be anywhere, but there must be one max. and one min. and no

further max. and min tuming points.

Shape: Be generous, even when the curve seems to be composed of straight line segments,

but there mmst be a discermble 'curve’ at the max. and min.

2™ B1 for minimum at (=1.0) (even if there is an additional mimimum point shown)
3p) for the sketch meeting axes at (2, 0) and (0, 2). They can simply mark 2 on the axes.

The marks for munimum and intersections are dependent upon having a sketch.

Answers on the diagram for mun. and intersections take precedence over answers seen elsewhere.

4% B1 for the branch fully within 1% quadrant having 2 intersections with (not just “touching’) the

other curve. The curve can “touch’ the axes.

A curve of (roughly) the correct shape is requured, but be very generous, even when the arc
appears fo tum "mwards' rather than approaching the axes, and when the curve looks like

two strarght lines with a small curve at the jomn.
Allow, for example, shapes like these:

5% B1 for a branch fully in the : quadrant (ignore any intersections with the other curve for this

branch). The curve can “touch’ the axes.

A curve of (roughly) the correct shape is required, but be very generous, even when the arc

appears to tum "inwards’ rather than approaching the axes.

Blft for a statement about the number of roots - compatible with their sketch. No sketch 15 BO.
The answer 2 ncompatible with the sketch 1s B0 (1gnore any algebra seen).

If the sketch shows the 2 correct intersections and, for example, one other intersection, the

answet here should be 3_ not 2_ to score the mark.

@ Pearson



Q2

%‘:jﬁgg? Scheme Marks
(a) '
ARRREEY 3 Shape \ / through (0. 0) BI
.II f
\1101) (3.0) BI
;' ! f ! 1!
Ny S EL NI N (1.5.-1) Bl
(3)
(b)
qy
AT i Shape {_\ Bl
_ (0. 0) and (6. 0) Bl
/ LT | 1 (3.1) Bl
. (3)
(c)
\ f Sh , not through (0. 0 M1
) W Prmm—
; \\\ o / Minimum in 4% quadrant Al
‘x,__//
(—p.0) and (6 —p.0) Bl
G-p.-1) K
(4)
10
Notes

(a) Bl: U shaped parabola through origin
B1l: (3.0) stated or 3 labelled on x axis
B1: (1.5, -1) or equivalent e.g. (3/2. -1)

{(b) B1: Cap shaped parabola in any position

B1: through origin (may not be labelled) and (6.0) stated or 6 labelled on x - axis
Bl:(3.1) shown
(¢) M1: U shaped parabola not through ongin
Al: Minimum in 4% quadrant (depends on M mark having been given)
B1l: Coordinates stated or shown on x axis
B1l: Coordinates stated
Note: If values are taken for p, then it 1s possible to give M1A1B0B0 even if there are
several attempts. (In this case all minima should be in fourth quadrant)

@ Pearson




Q3

Question Scheme Marks AOs

(a) 3 2 e afad e

X +10x" +25x =x(x" +10x+ 25) M1 1.1b
=x(x+5) Al 1.1b
(2)
(b)
Ya A cubie
/ correct
5 orientation
0 "
Curve
passes
through the
origin (0, 0) Alft 1.1b
and touches
at (—5.0)
(see note
below for ft)
(2)

(€) Curve has been translated a to the left M1 3.1a
a= —2 Alft 3.2a
a=3 Alft 1.1b

(3)
(7 marks)
Notes
(a) M1: Takes out factor x
Al: Correct factorisation - allow x(x +5)(x +5)
(b) M1: Correct shape

Alft: Curve passes through the origin (0, 0) and touches at ( —5, 0) — allow follow through
from mcorrect factorisation
(c) M1: May be implied by one of the correct answers for a or by a statement
Alft: ft from their cubic as long as 1t meets the x-axis only twice.
Alft: ft from thewr cubic as long as 1t meets the x-axis only twice.




Q4

Cluestion
MNumber

Scheme

Marks

(a)(1)

¥

B1l: Straight line with negative
gradient anywhere even with no
axes.

Bl

B1l: Straight line with an intercept
at (0, ¢) or just ¢ marked on the
positive y-axis provided the line
passes through the positive y-axis.
Allow (e, 0) as long as 1t 15 marked
i1 the correct place. Allow (0, ¢) in
the body of the script but in any
ambiguity. the sketch has
precedence. Ignore any intercepts
with the x-axis.

B1

(a)(ii)

y=5

4

Either: For the shape ofa y= 1
.
curve in any position. It must have
two branches and be asvmptotic
horizontally and vertically with no
obvious “overlap” with the
asymptotes, but otherwise be
generous. The curve may bend
away from the asvmptote a little at
the end. Sufficient curve must be
seen to suggest the asvmptotic
behaviour, both vertically and
horizontally and the branches must
approach the same asymptote
Or the eguation y = 3 seen
mdependently 1.e. whether the
sketch has an asymptote here or
not. Do not allow y =3 orx = 3.

Bl

B1l: Fully correct graph and with a
horizontal asvmptote on the
positive y-axis. The asymptote
does not have to be drawn but the
eguation y = 5 must be seen. The
shape needs to be reasonably
accurate with the “ends”™ not
bending away significantly from
the asymptotes and the branches

must approach the same asymptote.
Ignore x = 0 given as an asymptots.

Bl

Allow sketches to be on the same axes.

(4)




(b)

1 .
—+5=—3x+ec=>1+5x=—3x" +ex
e

=3 +5xr—ex+1=0

" |
Sets —4+5=-3x+¢. attempts to
x

multiply by x and collects terms (to
one side). Allow e.g. =" or =" for
“=" . At least 3 of the terms must
be multiplied bv x, e.g. allow one
slip. The * = 07 mav be mmplied by
subsequent work and provided
correct work follows, full marks
are still possible i (b).

M1

b —dne=(5—c) —4=1x=3

Attempts to use 5% — 4ac with their .
b and ¢ from their equation where
a=%x3, b=x5%¢ and ¢ =%1. This
could be as part of the quadratic
formula or as 5* < 4ac or as b* = 4ac

of as q’b: — dae etc. If it 1s part of the

quadratic formula only lock for use of
5’ — 4ac. There must be no x's.

M1

(5—c) >12%

Completes proof with no errors ar
incorrect statements and with the
“=" appearing correctly before the
final answer, which could be from
b* - 4ac = 0. Note that the statement
3x" +5x—cx+1>0 or starting

: |
withe.g. —+ 35> 3x+cwould be

.

an error.

Al*

Note: A minimum for (h) could be,

l—ﬁ =—3x+c=>3x +5x—|:‘x—l[:=¢}:] (M1

X

b = dac = (5—¢)" =12 (M1AI)
If b > 4acis not seen then 4x 3% 1needs to be seen explicitly.

3)




(<)

(5-c) =12=(c=)5+412
or

(5—cf =12=¢* ~10c+13=0

M1: Attempts to find at least one
eritical value using the result in (b)
of by expanding and solving a 3TQ
(See General Principles) (the =07
may be implied)

:>{c=]__m:‘l[-_m'] ~4x13

~

Al: Correct critical values 1n any
form. Note that -JIZ may be seen as

23

MIA1

c<"S5—f12". e =>"5+412"

Chooses outside region.

The "0 =" can be ignored for this
mark. So look for ¢ = their S—JI_E.
¢ = their 5 +-J1_2. This could be
scored from 3 +-,-'1_2 <c<i—afl2 or
S5—afl2 =c > S—Jl__?. Evidence 1s
to be taken from their answers not
from a diagram.

M1

O<e<5—f12. e>5+4/12

Correct ranges including the
"0 =" e.g. answer as shown or each
region written separately or e g

l"_o_:’a—Jl_z}. [:5+J1_3_:::>:]|.T11E

critical values may be un-simplified
but must be at least

10_,, 48. 10_,’ 48 . Note that

O<c< S—le and ¢ =5+4f12

would score M1AOD.

Al

Allow the use of x rather than ¢ in (c) but the final answer must he in
terms of c.

)

(11 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 AS and A Level Mathematics: Pure Mathematics Year 1/AS’ 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

Calculators may not be used

The total mark for this section is 34
Q1

The line / passes through the points 4 (3, 1) and B (4, — 2).
Find an equation for /

(Total for Question 1 is 6 marks)

Q2
The line L, has equation 4x +2y —3 =0

(a) Find the gradient of L;

(2)
The line L> is perpendicular to L; and passes through the point (2, 5)

(b) Find the equation of L, in the form y = mx + ¢, where m and c are constants.

€))

(Total for Question 2 is 5 marks)

Q3

The line /1 has equation 4y —3x =10
The line 1> passes through the points (5, —1) and (-1, 8)

Determine, giving full reasons for your answer, whether lines /1 and /> are parallel,
perpendicular or neither.

(Total for Question 3 is 4 marks)




Q4

The line /; has equation y =—2x + 3
The line /> is perpendicular to /; and passes through the point (5, 6).

(a) Find an equation for /> in the form ax + by + ¢ = 0, where a , b and ¢ are integers.

(©))
The line I> crosses the x-axis at the point 4 and the y-axis at the point B.
(b) Find the x-coordinate of 4 and the y-coordinate of B.

(2)
Given that O is the origin,
(c) find the area of the triangle OAB.

(09

(Total for Question 4 is 7 marks)

Q5

The point 4 (—6, 4) and the point B (8, —3) lie on the line L.
(a) Find an equation for L in the form ax + by + ¢ = 0, where a, b and ¢ are integers.

C))

(b) Find the distance 4B, giving your answer in the form V5, where  is an integer.

(€))

(Total for Question 5 is 7 marks)




Q6

=Y

/A 0 c\

2

Figure 1

The line /1 has equation 2x — 3y + 12=0
(a) find the gradient of /.

1)
The line /; crosses the x-axis at the point 4 and the y-axis at the point B, as shown in Figure 1.
The line 1> is perpendicular to /1 and passes through B.
(b) Find an equation of /.

3)
The line /> crosses the x-axis at the point C.

(c) Find the area of triangle ABC.
C))

(Total for Question 6 is 8 marks)

End of Questions



Bronze Mark Scheme

Q1
Question Scheme Marks AOs
Uses y = mx + ¢ with both (3,1) and (4, —2) and attempt to M1 11b

(Way 1) |findmorc )
m= -3 Al 1.1b
c=10 soy=-3x+10 o.e. Al 1.1b

(3)
O | Uses 2720 = 2270 with both (3.1) and (4, —2)

(Way 2) ses rx -z with bo 1)and (4, —2 M1 1.1b
Gradient simplified to -3 (may be implied) Al 1.1b
y=-3x+10 oe. Al 1.1b

(3)
Or Uses ax + by + k = 0 and substitutes both x =3 when y =1 and

(Way 3) | x =4 when y = -2 with attempt to solve to find a, b or k 1n M1 1.1b
terms of one of them
Obtains a =3b. k= -10bor 3k = -10a Al 1.1b
Obtamns a=3.b=1 k= -10
Orwrntes 3x+y—10=0 oe. i 11D

(3)
(3 marks)
Notes
M1: Need correct use of the given coordinates
A1l: Need fractions simplified to -3 (in ways 1 and 2)
A1l: Need constants combined accurately
N.B. Answer left in the form (y — 1) =—3(x—3) or (y (- 2))=—3(x — 4) 1s awarded M1A1AO
as answers should be simplified by constants being collected
Note that a correct answer implies all three marks in this question.




Q2

Question
Number Scheme Notes Marks
(a) 3 e
4x+ 2_1.'—3=ICI=‘;-.1,'=—."".!r+—Tr Aftempt to write i the form y = M1
: Accept any un-simplhified form and
= gradient = -2 allow even with an incorrect value of | Al
I..C'V
(a) Attempt to dafferentiate
Way 2 Alternative: 4+ Jﬂ =10 dy M1
' dx Allow piqa=ﬂ. p.gq#0
=» gradient = -2 Accept any un-sumphfied form Al
Answer only scores M1Al
[2]
() Attempt to use my=
1
Using m,, = —— - ! M1
My gradient from (a)
l = e B
y-§="—"(x-2) or F‘crrect s';rmght.hnemethodu.smga
2 changed’ gradient and the point Ml
Uses ¥ = mx + ¢ in an attempt to find ¢ (2,5)
1

_l’=?:!.'+4 Cao (Isw) Al
(3)
[5]




Q3

Question Scheme Marks AOs
. .3
States gradient of 4y —3x=101s 7 °¢
3 B1 1.1b
or rewrites as y = 25t
Attempts to find gradient of line joining (5,—1) and(-18) M1 1.1b
S . B Al 1.1b
C5—(-1) 2 '
States neither with suitable reasons Al 24
)
(4 marks)
Notes

B1: States that the gradient of line /

. i . 3
18 4 or writes [ in the form y =z Xt

Ay
Ax

. : : . 9
M1: Attempts to find the gradient of line /, using Condone one sign error Eg allow 5

5__1{__?} — —%01- the equation of /, ¥ =—§x+.._

Al: For the gradient of [, =

: 9
Allow for any equivalent such as i -15
Al: CSO ( on gradients)
. ! : : 3 3
Explams that they are neither parallel as the gradients not equal nor perpendicular as X5 F -1
oe

Allow a statement in words "they are not negative reciprocals " for a reason for not perpendicular
and "they are not equal" for a reason for not being parallel




Q4

Question Scheme Marks
1 ~1
(a) Gradient of /, 15 2 or(.5 or — Bl
Elﬂlf.'l' -P_Ezll_]l_lh{x_s} or _].’:"-}"_1‘+c E.I:I.d. 6=I!%1r(5]+{. = ={r|_;r|) Ml
¥x=2y+7=0 or x+2y-T7=0 or kix—2y+7) =0with k an integer | A1
3]
Puts x = 0, or y = 0 1n their equation and solves to find appropnate co-ordinate M1
(b)
x-coordinate of 4 is -7 and y-coordinate of B is 1. Al cao
2]
i . ® Apphies + L(base)(height) | M1
c Area OAB = —(7 [—] = — (umts)’
© 2 (7) 2 4 = Alcsa
4
(21
7 marks
Nuotes
a i
@ B1: Must have % or 0.5 or —: o.e. stated and stops, or used i their line equation
M1: Full method to obtam an equation of the line through (5.6) with thewr “m™. S0 ¥ — 6 = m(x — 5) with
thewr gradient or uses v=mx+¢ with (5. 6) and thew gracient to find ¢. Allow any numenical gradient here
meluding —2 or —1 but not zero - (Allow (6.5) as a sip if v — v, = m{x—x,)1s quoted first )
Al: Accept any multiple of the correct equation, provided that the coefficients are integers and equation = 0
eg x+2y-T=0 or k(x-2y+T)=0oreven2y-x—-7=0
(b) M1: Esther one of the x or v coordinates using theiwr equation
Al: Needs both correct values. Accept any correct equivalent.. Need not be written as co-ordinates. Even
qust —7 and 3.5 with no mdication whach 15 wluch may be awarded the Al
(c) M1: Any correct method for area of tnangle 4O0B. with their values for co-ordinates of 4 and B (may mnclude

negatives) Method usually half base times height bur determinants could be used.

Al: Any exact equivalent to 49/4, ep 1225 (negative final answer 1s A0 but replacing by positive 1s Al)
Do not need units.

c.5.0. unplies if A0 15 scored in (b) then A0 is scored in (¢) as well. However if candidate has correct line
equation m (a) of wrong form may score AO in (a) and Al in (b) and (c)

Note: Special cases: %{ —?][Jf %] = a:—g (units)* is M1 A0 but changing sign to area = +4—:’- gets MI1AL
(recovery)

N.B. Candidates making sign errors mn (b) and obtaming +7 and - . may also get —1;— as their answer
following previous errors. They should be awarded AD as this answer 1s not ft and 1s for correct solution only
Special Case: In (a) and (b): Produces parallel lne instead of perpendicular line: So uses m = -2 Tlus 15 not

treated as a nusread as it simplifies the question. The marks will usually be B0 M1 A0, M1 A0 M1 AD1e.
maxumum of 3/7

@ Pearson



Q5

Question Scheme Marks
number
(a) m=4_(_3) or —3-4 . =L or i |I=—llI MI. Al
-6-8 g8—(—6) -14 14 2)
. 1 1
Equation: y—4= 3 (x—(—6)) or y—i—3= - (x—8) M1
x+2y-2=0 (or equiv. with mteger coefficients. .. must have =107) Al (4]
(eg 14y +7x—14=0 and 14—7x—14y =0 are acceptable)
(b) (-6-8)" +(4—(-3)° Ml
14°+7% or (14" +7% or 14°+(=7)* (M1 Al may be implied by 245)| Al
AB=+147+77 or {7P(@2*+1%) or 4245
T3 Alcso (3}

N2 1

(a) 1" M: Attempt to use m = {mav be implicit in an equation of L)

Xy — X,
2% M- Attempting straight line equation in any form, e g v — v, = m(x—x, ).
Y=>»
x—x

= m , with any value of m (except () or o) and either (—6_4) or (8, -3)

N.B. It is also possible to use a different point which lies on the line, such as
the midpoint of A8 (1, 0.3).

Alternatively, the 224 M may be scored by using v = mx +¢ with a numerical

gradient and substituting (—6, 4) or (8. —3) to find the value of c.

Having coords the wrong way round, e g v —({—6) = —?(.‘( — 43 . loses the

24 M mark unless a correct general formula 1s seen, e.g. v — )y =mlx—x).
(b) M: Attempting to use (x; — J:l}2 +{¥3 =1 '-_): .

Missing bracket. e.g. —14% +7° implies M1 1f no earlier version 1s seen.

—147 +7* with no further work would be M1 AQ.

—14% + 7% followed by ‘recovery’ can score full marks.




Q6

Question Scheme Marks
@ (m :]% (or exact equivalent) Bl (D
(b) | B:(0,4) [award when first seen — may be in (¢)] | Bl

Gradient _l__} M1
m 2
y—4=—2 oI equiv. e.g. _1;=—3—;+4, 3.1-+23,=—8=|l}1 Al (3
() | A: (-6,0) [award when first seen — may be in (b)] | B1
C:371=4 = x=§ [award when first seen — may be mm (b)] | B1it
Area: Using %{xc — X, 15, M1
_ L 2 Al cso
v | } = _f”;l @
ALT e . . : o
BC=EJ§ (from similar triangles) (or possibly using C) 27 Blft
Area: Using %{Aﬂxﬂﬂ] NB. AB=J6+4* =52 M1
1 (7 Y 52 1
=_Kaf32X| 252 == | =17=
2 Ve !31’_} 3 | 3, s
8 marks
Notes
=
ia) | Bl fnri seen. Do not award for %x and must be m part (a)
(b) | Bl  for coordinates of B. Accept 4 marked on y-axis (clearly labelled)
M1  for use of perpendicular gradient rule. Follow through their value for m
Al for a comect equation (any form, need not be simplified). Answer only 3/3
(e) | 1*B1 for the coordinates of A (clearly labelled). Accept — 6 marked on x-axis
7™ B1ft for the coordinates of C (clearly labelled) or AC = 2.
Accept x = %marktd on x-axis. Follow throngh from [, if >0
M1 for an expression for the area of the tmangle (all lengths > 0). Ftther 4, - 6 and %
2
Alcso  for S—;DIEJLECI equivalent seen but must be a single fraction or 171 or 172 ete
17+ om its own can only score full marks if A, B and C are all correct.
ALT | 2™ Blft If they use this approach award this mark for C (if seen) or BC
Use of Det | 2" M1 must pet as far as: |x, X ¥, —x. X,




>

Silver Questions -
Calculators may not be used g

The total mark for this section is 31

Q1

The points P and Q have coordinates (—1, 6) and (9, 0) respectively.
The line / is perpendicular to PQ and passes through the mid-point of PQ.

Find an equation for /, giving your answer in the form ax + by + ¢ =0, where a, b and c are
integers.

©))

(Total for Question 1 is 5 marks)

Q2
The straight line L1 passes through the points (—1, 3) and (11, 12).

(a) Find an equation for L; in the form ax + by + ¢ =0,
where a, b and c are integers.

“)

The line L has equation 3y + 4x — 30 =0.

(b) Find the coordinates of the point of intersection of L and Lo.

©))

(Total for Question 2 is 7 marks)




Q3

The line L1 has equation 2y — 3x — k= 0, where k is a constant.
Given that the point 4 (1, 4) lies on L, find
(a) the value of &,

(0))
(b) the gradient of L.

2
The line L> passes through A4 and is perpendicular to L

(c) Find an equation of L> giving your answer in the form ax + by + ¢ = 0, where a, b and ¢
are integers.

C))
The line L crosses the x-axis at the point B.
(d) Find the coordinates of B.

(2)
(e) Find the exact length of 4B.

(2)

(Total for Question 3 is 11 marks)




Q4

=V

0

Figure 1

The points 4 and B have coordinates (6, 7) and (8, 2) respectively.

The line / passes through the point 4 and is perpendicular to the line 4B, as shown in
Figure 1.

(a) Find an equation for / in the form ax + by + ¢ = 0, where a, b and c are integers.

“4)
Given that / intersects the y-axis at the point C, find
(b) the coordinates of C,

2
(c) the area of AOCB, where O is the origin.

2

(Total for Question 4 is 8 marks)

End of Questions



Silver Mark Scheme

Q1
ﬁﬂfﬂséz}r" Scheme Marks
Mid-pomnt of PQ is (4. 3) Bl
s 0-6 [_ 3] B
0— (1)’ 5
: ) 1 5
Gradient perpendicularto PQ =-— (= EJ M1
m

g
}’—3:'5{x—4j| M1
S5x=3y=11=0 or3y-5x+11=0 or multiples e.g. 10x-6y-22=0 | Al (5

Notes
Bl: correct midpoint.
Bl: correct numerical expression for gradient — need not be simplified
1¥ M: Negative reciprocal of their numerical value for m

2™ M: Equation of a line through their (4. 3) with any gradient except 0 or w.

If the 4 and 3 are the wrong way round the 2™ M mark can still be given if a correct

formula (e.g. ¥ — ¥ =m(x—x;)) 1s seen. otherwise MO.

If (4. 3) 1s substituted into y =mx +¢ to find c. the 2™ M mark is for attempting this.

Al: Requres integer form with an = zero (see examples above)




Q2

Qiuesﬂnn Scheme Marks
Number
2., 1118
Vs — Wy 12-3 3 MI1:Correct method for the gradient
m= ——— = i Al: Any cor ract : MI1.Al
(a) ST Al . Any correct fraction or
% decimal
¥y=3=%(x+1) ory—12=%(x—11) | Correct straight line method using
ory=%x + ¢ with attempt at either of the given points and a M1
substitution to find ¢ numerical gradient.
Or equivalent with mteger
} — =15=
¢ ST coefficients (= 0 is required) .
This Al should only be awarded in (a)
(4)
@) Y=y X-x y=3  x+1 M1: T""F of a correct formula for
h = = = the straight line MI1Al
Way 2 V=¥ -Xx 12-3 11+1 i
- - Al: Correct equation
12(y-3)=9(x+1) Eliminates fractions M1
dy—3x-15=0 Or e_-:élu.va]ent wrrrh integer Al
coefficients (= 0 is required)
(4
() Solves their equation from part (a) and | Must reach as far as an equation in
L; sumultaneously to eliminate one x only or mn y only. (Allow shipsmn | M1
vanable the algebra)
x=3or y=0 Oneof x=3o0ry==6 Al
v ——
Bl B ﬂ"a]u.ﬂ n?an be un-sumplified Al
actions.
Fully correct answers with no working can score 3/3 in (b)
(3)
(b) (-1.3) > -a+3b+c=0 Substitutes the coordinates to M1
Way 2 (1L12) > 1la+12b+c=0 obtain two equations
3 4 Obtains sufficient equations to
a=-=b b=-—c . .
15 establish values fora. b and ¢ oo
4 3 :
e.g c‘=1:>b=—1—q. =1_4 Obtains values fora. b and ¢ M1
3 4 .
l—q:!.‘—l—q_v+1 =0=4y-3x—-15=0 | Correct equation Al
4)

[7]




Q3

%l:l@‘n'igg:l Scheme Marks
(@)| (8—-3-k=0) sok=5 B1
(1)
(b) | 2y=3x+k M
_v=;x+... and so rs'rzi 0.€. A
(2)
: : 2
(c) | Perpendicular gradient = 3 Bift
2
Equation of line 1s:  y—4= _E(I -1) M1ATTE
3y+2x-14=0 oe. Al
(4)
| y=0. = B(.0) e lEay =7 = | AARE
a
(2)
(e) | 4B* =(7-1)" +(4-0) M1
AB=-JE or Z-JE Al

(2)
11

Notes

(b)

M1 for an attempt to rearrange toy = ..
Al for clear statement that gradientis 1.5, canbe m =15 0.e.

(©)

Blft for using the perpendicular gradient rule correctly on their 1.57

M1  for an attempt at finding the equation of the line through 4 using their
gradient. Allow a sign slip

1" Alft for a correct equation of the line follow through their changed
gradient

2™ Al as prnnted or equavalent with imnteger coefficients — allow
3y+2x=14 or 3y=14-2x

(d)

M1  foruse of y =0 to find x =__.in their equation
Alft for x=7 or —=

a

(e)

M1  for an attempt to find 4B or AB*
Al for any correct surd form- need not be simplified




Q4

Question
Number

Scheme

Marks

Q (a)

(b)

(4]

s B 5}
s—ﬁ‘['_E

Using mym, =—1: m, =

| b

"
y-T= é (x—6). 2x—5y+23=0 (0.e. with integer coefficients)
-

Using x = 0 in the answer to (a), y = '?3 or4.6

) 1 23 92
Area of mangle = ?xSxT=T (o.e) eg

{135. 18.4, 134]
5 10

B1
M1
M1, A1 (4)

M1, Alfe (2)

M1AT (2)

[8]

a)

(b}

(c)

Bl
1% M1
2™ M1

for an expression for the gradient of 4B. Does not need the= -2.5
for use of the perpendicular gradient rule. Follow through their m
for the use of (6. 7) and their changed gradient to form an equation for /.

gy I
Can be awarded for ¢ i == 0.2,
x=6 5

Alternative 1s to use (6, 7) in ¥ =mx +c to find a value for ¢. Score when
¢=... 15 reached.
Al for a correct equation in the required form and must have “= 0" and integer
coefficients
M1 for using x = 0 in their answer to part (a) e.g. -5y +23=0

.
Alft  for y= '?3 provided that x = 0 elearly seen or C (0. 4.6). Follow through

their equation in (a)

If x=0.y=4.6 are clearly seen but C is given as (4.6.0) apply ISW and
award the mark,

This A mark requires a simplified fraction or an exact decimal

Accept their 4.6 marked on diagram next to C for M1ALf

for -]1-‘-: 8% ¥, so can follow through their y coordinate of C.
for 18.4 (o.e.) but their y coordinate of C must be positive

M1
Al

Use of 2 triangles or trapezium and triangle
Award M1 when an expression for area of OCE only is seen

Deterninant approach
Award M1 when an expression containing %x 8% ¥ 15 seen




Gold Questions

Calculators may not be used 2%

The total mark for this section is 27

Q1

(a) Find an equation of the line joining 4(7, 4) and B(2, 0), giving your answer in the

form ax+by+c = 0, where a, b and c are integers.

(€))

(b) Find the length of 4B, leaving your answer in surd form.

@)

The point C has coordinates (2, ¢), where ¢t > 0, and AC = 4B.

(¢) Find the value of 7.

(d) Find the area of triangle ABC.

0y

(€))

(Total for Question 1 is 8 marks)




Q2

Ya Diagram NOT
to scale
N(l6. p)
L(-1, 3}<
0 \O/ -
M(7.-4)
Figure 2

Figure 2 shows a right angled triangle LMN.
The points L and M have coordinates (—1, 2) and (7, —4) respectively.
(a) Find an equation for the straight line passing through the points L and M.

Give your answer in the form ax + by + ¢ = 0, where a, b and c are integers.

Given that the coordinates of point N are (16, p), where p is a constant, and angle
LMN = 90°,
(b) find the value of p.

Given that there is a point K such that the points L, M, N, and K form a rectangle,
(c) find the y coordinate of K.

“)

©))

2

(Total for Question 2 is 9 marks)




Q3

H“

Figure 2

The line /1, shown in Figure 2 has equation 2x + 3y =26
The line /> passes through the origin O and is perpendicular to /4

(a) Find an equation for the line />

C))
The line /> intersects the line /1 at the point C
Line /1 crosses the y-axis at the point B as shown in Figure 2.
(b) Find the area of triangle OBC
Give your answer in the form %, where a and b are integers to be determined.
()

(Total for Question 3 is 10 marks)

End of Questions



Gold Mark Scheme

Q1
Question
sk Scheme Marks
_4-0 [ 4
(a) mﬁ-?_z = M1
- 4
Equationof AB1s: y—-0=—(x-2) or y—-4=—(x-7) M1
3 3 (oe)
4x-5y- 8=0 (0e) Al (3)
(b) (4B =](7-2) +(4—0) M1
=441 Al (2)
(c) Using isos triangle with 4B =ACthent= 2x y,=1x4=8§ B1 (1)
(d) Area of triangle = 1£x(7-2) M1
8
Nuotes
Apply the usual rules for quoting formulae here.
For a correctly quoted formmla with some correct substitution award M1
If no formula is quoted then a fully correct expression 15 needed for the M mark
(a) 1" M1 for attempt at gradient of 4B. Some correct substitution in correct formula.
2*' M1 for an attempt at equation of AB. Follow through their gradient not e g — : 3
m
Using y = mx + ¢ scores this mark when ¢ 15 found.
Useof 220 =271 coores 1 M1 for denominator, 2% M1 for use of a correct poumt
Ya=h H®—%
Al requires integer form but allow 5y + 8 = 4x etc. Must have an “=" or AQ
(b) M1 for an expression for AB or AB”. 1 what 1s “left” of the Is sign
Pr gnore equals sig
(c) Bl  forr=8 May be implied by comrect coordinates (2, 8) or the value appearing in (d)
d M1 for an expression for the area of the tnangle, follow through their r (# 0) but must
(d) have the (7—2)or 5 zl.lli:ltl:m.'-..L
2 T 2 3
DET |eg Area =%[E+Tr+0—-{ﬂ+3+lr]] Must have the £ for M1

‘0 4t 0




Q2

?lll:len?tt::z? Scheme Marks
Method 1 Method 2
(a) ,gmdr'em‘:yl_h:z_{_ﬂ,:-i FoR AR oy WX R M1, Al
e S 4 »y 45X 6 -8
3 3 s o
}r-2=-:{x+‘1) ury+4=-;{x-T) urJ'=rherr'-:‘x+r M1
=+(4y+3ix-5)=0 Al 4
Method 3: Substitute x=-1, y=2 and x = 7, y = -4 into ax + by + ¢=0 M1
A+2b+ec=0 and Ta-4b+ec=0 Al
Solve to obtama=3, b=4 and ¢ = -5 or multiple of these numbers M1 Al (4)
Attempts gradient LM x gradient MN = -1 Or (y+4)= 1{1_7} equation
= S0 EKP—M_ or i _i ith 16 jhstituted =
4 16-7 16-7 3 e sl
9x4
p+4=T:>p=... .p=8 Soy=, y=8 M1, Al
: (3)
Ay | Attempt Pythagoras: (p+4)* +97 + (67 +8%) =(p-2)* +17° M1
So p'+8p+16+81+36+64=p —4p+4+289 > p=_.. M1
p=8 Al
(3)
i o Or use 2 perpendicular line equations
Either (y= & 2 4
©) RERC AR e SR through L and N and solve for y -
=) Al
(2)
(9 marks)
(a) M1  Uses the gradient formula with pomnts L and M 1e. quote gradient = u:11:»{1all'lum:l:q:rt to substitute
XXy
T 2—(-4 ;
comrect numbers. Formula may be implied by  the correct or equivalent.
Al Any correct single fracthon gradient 1e % or equivalent
M1 Uses thewr gradient with eather (-1, 2) or (7, 4) to form a linear equation
Eg }=—2=rheir'—%'fx+l] or _].'+4=!her'r'—%'(.t—"f} or }-‘=r}ae:fr'—%'x+cthenﬁnﬁavslue
for ¢ by substituting (-1,2) or (7, -4) in the correct way( not mterchanging x and y)
Al Accept +h(4y +3x—5)=0with kan integer (This implies previous M1)
3 4
(b) M1  Aftemptstouse gradient LM x gradient MN =—1 _ie. —;M%=—l(&lluw sign errors)
Or Attempts Pythagoras correct way round (allow sign errors)
M1 An attemnpt to solve their limear equation m ‘p". Al caop=3§
(c) Ml For using their numerical value of p and adding 6 . This may be done by any complete method (vectors,
drawing, perpendicular straight line equations through L and N) or by no method. Assuming x =7 15 M0
Al Accept 14 for both marks as long as no incorrect working seen (Ignore left hand side — allow &) . If

there 1s wrong working resulting fortmtously in 14 give MOAO. Allow (8, 14) as the answer.

@ Pearson



Q3

Queshon Scheme Marks
Number
(a) 2x+3y=26= 3y =26%2xand attempt to find m from y = mx + ¢ M1
26 2 " 2
S y=———x dient = —— Al
( : 5 % ) so gradien 3
Gradient of perpendicular = _—1 Ml
their gradient
Line goes through (0.0) so y= %x Al
(4)
(b) Solves theiryzgx with their 2x + 3y = 26 to form equation in x or in ) M1
Solves their equation in x or in y to obtain x =ory = ([ dM 1
x=4 or any equivalent e.g. 156/39 or y=6o0.ac¢ Al
P
B=(0, '?ﬁ} used or stated in (b) Bl
& Method 1 ( see other methods in notes below)
26
e | = 1 g i
3 Area:%xn{_nx "ﬁ Ikh- dL'Il
w
52
= T (oe with integer numerator and denomunator) | Al
(6)
{10 marks)




Notes

(a) Ml Complete method for finding gradient. (This may be implied by later correct
answers.) e.g. Rearranges 2x + 3y =26 > y=mx+csom =
Or finds coordinates of two points on line and finds gradient e.g. (13, 0) and (1, 8) so m
-0
=1-13
Al States or implies that gradient =— 24 condone — %x if they continue correctly. Ignore
errors in constant term in straight line equation
MIl 1Uses mi1*mo=— 1 to find the gradient of />. This can be implied by the use of
their eradient
Al y=3%xor2y—3x=0 Allow y = %x + 0 Also accept 2y = 3x, y = 39/26x or even y
—0=3 (x—0) and isw

(b) M1 Eliminates variable between their y = %x and their (possibly rearranged) 2x + 3y
= 26 to form an equation in x or y. (They may have made errors in their rearrangement)

dM1 (Depends on previous M mark) Attempts to solve their equation to find the value
ofxory
Al x =4 or equivalent or y = 6 or equivalent
26 26

B1  ycoordinate of B is 3 (stated or implied) — isw if written as (?, 0). Must be
used or stated in (b)
dM1 (Depends on previous M mark) Complete method to find area of triangle OBC
(using their values of x and/or y at point C and their 26/3)

52 104 1352
Al Cao 3 6 O 78 0.€.

Method 1:
Uses the area of a triangle formula 2xOB *(x coordinate of C)

Alternative methods:

Several Methods are shown below. The only mark which differs from Method 1 is the last M
mark and its use in each case is described below:

Method 2 in (b) using 5% BC x OC

dM1 Uses the area of a triangle formula 4x BC x OC  Also finds OC (=V52 ) and BC =
SED

104 00
Method 3 in (b) using 2j06 30
1[04 00
dMI States the area of a triangle formula 2j06 50 or equivalent with their values

Method 4 in (b) using area of triangle OBX — area of triangle OCX where X is point (13, 0)

1 26
] —le:("—"——)-{l_B)("ﬁ”
dM1 Uses the correct subtraction 2 3 2

@ Pearson



Method 5 in (b) using area = /2 (6 x 4) + V4 (4 x 8/3) drawing a line from C parallel to the x
axis and dividing triangle into two right angled triangles

dM1 for correct method area = "% ("6" x "4") + 15 ("4" x ["26/3" —"6"])

Method 6 Uses calculus

4 i - 74
r 26 2x 3x 2 - 2
n=b, i P10 |: 6  x° 3x }

dM1 o 3 3 2
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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 AS and A Level Mathematics: Pure Mathematics Year 1/AS’ 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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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

Calculators may not be used

The total mark for this section is 29

Q1

A circle C has centre (—1, 7) and passes through the point (0, 0). Find an equation for C

(Total for Question 1 is 4 marks)

Q2

The circle C has equation x* + > +4x—2y—-11=0

Find
(a) the coordinates of the centre of C,

(2)
(b) the radius of C,

(2)
(c) the coordinates of the points where C crosses the y-axis,
giving your answers as simplified surds.

C))

(Total for Question 2 is 8 marks)




Q3

The points 4 and B have coordinates (=2, 11) and (8, 1) respectively.
Given that 4B is a diameter of the circle C,

(a) show that the centre of C has coordinates (3, 6),

(1)
(b) find an equation for C.

C))
(c) Verify that the point (10, 7) lies on C.

(1)

(d) Find an equation of the tangent to C at the point (10, 7), giving your answer in the form
y =mx + ¢, where m and ¢ are constants.

C))

(Total for Question 3 is 10 marks)

Q4

The circle C, with centre A4, passes through the point P with coordinates (—9, 8) and the point
0 with coordinates (15, —10).

Given that PQ is a diameter of the circle C,
(a) find the coordinates of 4

(2)
(b) find an equation for C

3)
A point R also lies on the circle C.
Given that the length of the chord PR is 20 units,
(c) find the length of the shortest distance from A to the chord PR.
Give your answer as a surd in its simplest form.

2

(Total for Question 4 is 7 marks)

End of Questions



Bronze Mark Scheme

Ql

Question Scheme Marks

number
The equation of the circle is (x+1)* +(y -7’ =(%) M1 Al
The radius of the circle is 4J(—1)> +72 =+/50 or 542 or # =50 Ml
So (x+1)* +(y—T7) =50 or equivalent Al 2

4
4
Notes M1 1s for this expression on left hand side— allow errors in sign of 1 and 7.
Al correct signs (just LHS)
M1 is for Pythagoras or substitution into equation of circle to give r or 7
Giving this value as diameter 1s M
Al, cao for cartesian equation with mumerical values but allow (v 50)° or (5\"5]2 or any exact
equivalent
A correct answer implies a correct method — so answer given with no working eams all four
marks for this question.
Alternative | Equation of circleis x* +y* +2x+14y+¢c=0 M1

method

Equation of circle is x* +3* + 2x—14y+¢=0 Al
S . _ 2, 42 _ 2 _

Uses (0,0) to give c =0 _ or finds r= [(~1)" +7° =+/50 or 542 or »* =50 Mi
So x*+3*4+2x—14y =0 or equivalent Al




Q2

Question
MNumber

Scheme Marks

(a)

x +_1|,'= +4x-2y-11=0
{{x+z)1-4+(v-1}’ -1-11=0}
Centre 15 (-2, 1).

(£2, £1),. see notes. | M1

-2,1.

Al can  [2]

()

r=yJ11E""L"4"

4or+/16 (Award A0 for 4).

M1
Al
[21

x+2'+ (-1 =11+1+4

So r=..|||l]+l+4 = r=4

(c)

M1
Al aef

Putting x = 0m C or thewr C.

Y -2y-11=0or(y-1° =12 e

Attempt to use formula or a method of

completing the square in order to find
Y —

When x =0, ' —2y—11=0

o2t J=27 =311 {= zim}

(1) 2

M1

Al cao cso
1£23

So,y=1+23
(4]

(a)

)

(c)

Note: Please mark parts (a) and (b) together. Answers only in (a) and/or (b) get full marks.
Note in part (a) the marks are now M1A1 and not B1B1 as on ePEN,
M1: for (£2, £1). Otherwise, M1 for an attempt to complete the square eg. (x+2)' T, a =0 or

(y+1y'+ . f=0. MI1A1: Correct answer of (—2_ 1) stated from any working gets M1A1.

MI: to find the radius using 11, “1”and “4”,ie. r=,/11£"1"£"4". By applying this method candidates
will usually achieve Jl_ﬁ,J{_S,JE or Jl_zl and not 16, 6, 8 or 14,

Naote: (x+2)'+ (y-1P = -11-5=-16 = r =+/16 =4 should be awarded MOAO.

Alternative: M1 in part (a): For comparing with x* + »* + 2gx + 2fi + ¢ = 0 to write down centre

(-g. - f)directly. Condone sign errors for thas M mark. M1 i part (b): For using r=,|||g:+_,r" -c.
Condone sign errors for this method mark.

(x+2) + (y—1)* =16 = r = 8 scores MOAO, but 7 =+/16 =8 scores M1A1 isw.

1" M1: Putting x =0 in either x* + ¥* + 4x = 2y =11 =0 or their circle equation usually given in part (a) or
part (b). 17 Al for a correct equation in v in any form which can be implied by later working,

2 M1 See mles for using the formula. Or completing the square on a 3TQ to give _F=ﬂiJE,“’h.E‘l‘e
Jbisasurd, b= their1l and b>0. This mark should not be given for an attempt to factorise.

2™ A1 Need exact pair in simplified surd form of {y =} 1+ 24/3. This mark is also cso.

Do not need to see (0, 1+ 2+/3) and (0.1 - 2+/3). Allow 2* A1 for bod (1 + 23, 0) and (1 - 24/3, 0).
Any incorrect working in (c) gets penalised the final accuracy mark. So. beware: incorrect

(x-2)" + (y—1)" =16 leadingto ¥’ — 2y —11=0 and then y =12 243 scores MIAIMI1AQ.

Special Case for setting y=0: Award SC: MOAOM1AQ for an attempt at apphying the formula

Award SC: MOAOM1AO for completing the
s — 43 — il _ square to their equation in x which will usually
Loyl 4;(1}4(1}: 11) {= 41? 60 _ —1141_5}

be x* +4x—11=0to give a++/b, where
Vbisasurd, b= their11 and 5>0.
Special Case: For a candidate not using = but achieving one of the comect answers then award

SC: M1A1MIAO for one of either y=1+2v3 or y=1-2y3 or y =1+12 or y=1-412.




Q3

Question
Number Scheme Marks
(—2+8 11+1) Correct method (no errors) for finding *
w C[ 2 a0 J_CH' o 2s the mid-point of 4B giving (3, 6) a2l
(1)
(b) : : S . Applies distance fornmla in M
(8-3) +(1-6) or 4/(8-3) +(1-6) or order to find the radius. |
] 2 3 2 Correct application of
=2-3) +(11-6) or,4(-2-3) +(l1-6
(-2-3) +(11-6)" or (-2-3) + (11-6) e |
] ; ’ GE3)'+ (2o =k, |,
(x=3)" +(y-6)’ =50 (or (@} or (542) ] k is a positive value. |
(x-3" +(y -6y =50 (Not 7.07") | Al
4)
(c) | {For (10.7).} (10- 3) +(7-6) =50, {so the point lies on C.} Bl
(1)
- ’ 7-6 1
(d) | {Gradient of radius }= e L This must be seen in part (d). | B1
Gradient of tangent = -1—? Using a perpendicular gradient method. | M1
y=T==T(x=10) ¥ =7 = (their gradient)(x = 10) | M1
y==Tx+77 y==Tx+770r y=77-7x | Al cao
4)
[10]
Notes

(a)

-

0 = f ., e
Alternative method: C[—E-—s - —~ ,11+¥J or C‘LB+ Sl ~1+¥J

(b)

You need to be convinced that the candidate is attempting to work out the radius and not the
diameter of the circle to award the first M1. Therefore allow 17 M1 generously for
(-2-8)" +(11-1)°

>

it rgnd sand o gy _1F
Kk T ROLAT B :{“ I, ) B L

+

Correct answer in (b) with no working scores full marks.

(c)

B1 awarded for correct verification of (10 - 3)° + (7 - 6)° = 50 with no errors.

Also to gain this mark candidates need to have the correct equation of the circle either from
part (b) or re-attempted in part (¢). They cannot verify (10, 7) lies on C without a correct C.
Also a candidate could either substitute x =10in Cto find y =7 orsubstitute ¥y =7 in Cto
find x=10.

Question
Mumber

scheme Marks

(d)

2" M1 mark also for the complete method of applying 7= (their gradient)(10) + ¢, finding c.
Note: Award 2™ MO in (d) if their numerical gradient is either 0 or oo,

Alternative: For first two marks (differentiation):
Ax=-3N+2y-6) 'i: =0 (or equivalent) scores Bl.

1" M1 for substituting both x =10 and y =7 to find a value for l—‘ which must contain both

x and y. (This M mark can be awarded generously. even if the attempted “differentiation™ is
not “implicit™.)

Alternative: (10 — 3)(x — 3) + (7 — 6)(y — 6) = 50 scores BI1MI1M]1 which leads to
y==Tx+77.




Q4

Question
Number

Scheme

Marks

(a)

M1: A correct attempt to find the
midpoint between P and Q. Can be
A e 15, ﬂ] =A4(3,-1) implied by one of x or y-coordinates
2 2 correctly evaluated.

Al: (3,-1)

MI1A1l

[2]

(b)

(-9-3) +(8+1) or J(-9-3) +(8+1)

or (15-3)" + (=10 +1) or(15 - 3)’ + (-10+1)’
Uses Pythagoras correctly in order to find the radius. Must clearly be identified as
the radius and may be implied by their circle equation.
01.
(1549)" +(-10-8)" or \1'{15 +9)" +(-10-8)
Uses Pythagoras correctly in order to find the diameter. Must clearly be identified
as the diameter and may be implied by their circle equation.
This mark can be implied by just 30 clearly seen as the diameter or 15 clearly seen
as the radius (may be seen or implied 1 their circle equation)
Allow this mark if there is a correct statement involving the radius or the
diameter but must be seen in (b)

Ml

(xta) + (v A =k where 4(a. §)

e L [m‘ 15y } and k 1s their radius.

M1

(x—3 +(y+ 1) =225 Allow (x —3)* + (v + 1)’ =15

Al

Accept correct answer only

[3]

Alternative using x* +2ax+y* +2bv+e=0

Uses A(za, £f) andx” +2ax+ 3" +2by+c=0
eg X +2(=3)x+y +2(1)y+ec=0

M1

Uses Por Qandx’ +2ax+y* +2by +c=0

e.g (-9) +2(=3)(-9)+(8)" +2(1)(8) +c =0=> ¢ =215

M1

¥ —6x+y +2y-215=0

Al

(c)

= ,/(thetr r)* = 107 or a correct method

Distance =./15" - 10° for the distance e.g.
ther r = i:ll::ns[si.n'CL [ﬂ;]]

M1

(Vi) = 55 55

Al

[2]




Silver Questions

Calculators may not be used

The total mark for this section is 33

Q1

The circle C has equation
x> +3?—20x — 24y +195=0

The centre of C is at the point M

(a) Find
(1) the coordinates of the point M
(i1) the radius of the circle C

(6))
N is the point with coordinates (25, 32)
(b) Find the length of the line MN

(2)
The tangent to C at a point P on the circle passes through point N
(c) Find the length of the line NP

2

(Total for Question 1 is 9 marks)

Q2
The circle C has centre (3, 1) and passes through the point P(8, 3).
(a) Find an equation for C.
C))
(b) Find an equation for the tangent 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 9 marks)

X



Q3

Figure 3

The points 4 and B lie on a circle with centre P, as shown in Figure 3.
The point 4 has coordinates (1, —2) and the mid-point M of 4B has coordinates (3, 1).
The line / passes through the points M and P.

(a) Find an equation for /.

“4)
Given that the x-coordinate of P is 6,
(b) use your answer to part (a) to show that the y-coordinate of P is —1,

1)
(c) find an equation for the circle.

“4)

(Total for Question 3 is 9 marks)




Q4

Ya
C
9
0 X
Figure 4

The circle C has radius 5 and touches the y-axis at the point (0, 9), as shown in Figure 4.

(a) Write down an equation for the circle C, that is shown in Figure 4.

(©))
A line through the point P(8, — 7) is a tangent to the circle C at the point 7

(b) Find the length of PT
3)
(Total for Question 4 is 6 marks)

End of Questions



Silver Mark Scheme

Q1
Question : Fa
b Scheme Marks
(a)
. LR 3 Bl:x=10
(i) The cenire 1s at (10, 12) T E— Bl Bl
(i) Uses (x—10) +(v—12)’ =-195+ 100+ 14 =7 =... M1
Completes the square for both x and y in an attempt to find r.
(x£"10") £aand(y£"12")" +band+195=0,(a.b=0)
Allow errors in obtaining their #* but must find square root
A correct numerical expression for r
r=+10% +12 —195 including the square root and can Al
implied by a correct value for r
r=7 Not r = 7 unless — T is rejected Al
(5)
E'?111pa1re5 the given equation with Bl:x=10
) Ny +2ex+ 2fv+c=0 to write B1B1
“'(:}' , | down centre (-g.~ f) ie. (10.12) |Bliy=12
Uses 7= J(£"10") +(£"12") —¢ Ml
r=+10% +12% —10% A correct nunerical expression for r | Al
r=7 Al
(5)
(b) MN = J(:S —"10")* +(32-"12") Correct use of Pythagoras M1
MN(=+/625)=25 Al
(2)
(c) NP =J(MN? —r?) M1
Al
(2)
W | cos(NMP) === NP="25"sin(NMP) | Comrectstraegy for finding NP | M1
| NP=24 Al
(2)
[9]




Q2

Question

Number Scheme Marks

(@) | (8-3*+3-D7 or J(8—3}2+(3—U: MI Al
(x£3) 7+ =k or (xxD)+(v£3 =k (k a positive value) M1
(x=3*+(-D*=29 Al (&)

() | Gradient of radius = % {or exact equivalent) Bl

2
Gradient of tangent = _T M1
-3

_}'—EZT(.\'—S] MI Al ft
5x+2y—46=10 or equvalent Al (3)

(9 marks)




Q3

Allow 1«.@ f or other exact equivalents for 26.
(But... (x—6)" +(y—-1)" =26 scores M1 AD)

(Correct answer with no working scores full marks)

Question Scheme Marks
number
{(a) Gradient of AM: L i {_IE} = % or — : Bl
3- -2
: 2 :
Gradient of /: =—= M: use of mym, =—1. or equav. M1
i
2 . v—1 2 _ :
v—1= _E(x —3) or - 3 = T [3}' =—2x+ 9] (Any equav. form) | M1 Al (4)
v —
(byx=6: 3y=-12+9=-3 y=-1 (orshowthatfory=—-1.x=6) (*) Bl (1)
(A conclusion 1s pot required).
© (=) (6-17 +(-1-(-2))° M: Attempt 7 or r M1 Al
N.B. Sumplification 1s not requured to score M1 Al
(xx6 +(yxl) =k. k=0 (Value for knot needed. could be »* ors) | Ml
(x—6)" +(y+1)? =26 (or equiv.) Al (4)

(a) 2°* M1: eqn. of a straight line through (3. 1) with any gradient except 0 or .

Alternative: Using (3, 1) in v = mx + ¢ to find a value of ¢ scores M1, but
an equation (general or specific) must be seen.

Having coords the wrong wav round. eg v—3 = —%(1‘ —1). loses the

2" M mark unless a correct general formula is seen, e.g. ¥ -y =m(x—x).

If the point P(6.—1) 15 used to find the gradient of MP, maximum marks
are (a) BO MO M1 Al (b) BO.

(c) 1" M1: Condone one slip, numerical or sign, inside a bracket.

Must be attempting to use points P(6. —1) and 4(1. —2), or perhaps P and B
(Correct coordinates for B are (3, 4)).

1 M alterative is to use a complete Pythag. method on triangle MAP.
ab MP=MAi=413

Special case:
If candidate persists i using their value for the y-coordinate of P nstead of the

given —1, allow the M marks in part (c) if eamned.




Q4

Q_uesﬁun Scheme Marks
Number
(@)
Equation of form (x +5)" + (» 9" =k . k>0 M1
Equation of form(x — a)” + (v — )" = 57, with values for a and b M1
x+5V +(¥v-97=25=5 Al
(3)
P(8. -7). Let centre of circle = X(-5.9)
() PX?= (8-"-5")" +(=7="9")" or PX= |(8—=5) + (=7 -9) M1
(BX =+/2250r5¥17 ) PT'=(PX )’ -5 with numerical PX dM1
PT {: 4%} =20 (allow 20.0) Al cso
3)
: [6]
Alm'n_am'e Equation of the form x* +* +10x+18y+¢=0 M1
2 for (a) *
Uses a” +b” —5% = ¢ with their @ and b or substitutes (0, 9) giving +9° +2bx9+¢c=0 | M1
X+ +10x-18y +81=0 Al
3)
An attempt to find the pomnt T may result in pages of algebra, but solution neads to reach
Alternative g , Mi
2for (b) | (-8, 5 or [F 111%.’] to get first M1 (even 1f gradient is found first)
M1: Use erther of the correct points with P (8, -7) and distance between two points aM
1
formula
Al: 20 Aleso
(3)
"‘;“;f;“{;‘;“ Substitutes (8, -7) into circle equation so PT = 8 +(=7)' +10x8—18x(-7)+81 | M1
Square roots to give PT {=+/400} =20 dMl*“;;]
Naotes for Question
The three marks in (a) each require a circle equation — (see special cases which are not circles)
(a) M1: Uses coordinates of centre to obtain LHS of circle equation (RHS mustbe 7" or k>0 ora
positive value)
M1: Uses r= 5 to obtain RHS of circle equation as 25 or 5°
Al: correct circle equation in any equivalent form
Special cases (x £3)° + (x£9)° =(57) 15 not a circle equation so MOMOAD
Also (x % 5 + (1¥—19) =(5:} And (x £ 5)* = [J'ig}: =(5) are not circles and gain MOMOAO
But (x — 0)* + (¥ - 9)° = 3 gains MOMI1AD
by M1: Attempis to find distance from their centre of circle to P (or square of this value). If this is

called PT and given as answer thas 15 M0. Solution may use letter other than X, as centre was not
labelled 1n the question.

N.B. Distance from (0, 9) to (8, -7) is incorrect method and 1s MO, followed by MOAO,

dM1: Applies the subtraction form of Pythagoras to find PT or PT~ (depends on previous method
mark for distance from centre to P) or uses appropriate complete method mvolving trigonometry
Al: 20 cso




Gold Questions

Calculators may not be used ¥

The total mark for this section is 35

Q1

v A

Q(9, 10)

Ria, 4)

P(-3,2)

Y

"

N

The points P(—3, 2), O(9, 10) and R(a, 4) lie on the circle C, as shown in Figure 2. Given that
PR is a diameter of C,

Figure 2

(a) show that a = 13
3)

©))

(2)
(Total for Question 1 is 10 marks)

(b) find an equation for C




Q2

The circle C has centre 4(2,1) and passes through the point B(10, 7)

(a) Find an equation for C

“4)
The line /; is the tangent to C at the point B
(b) Find an equation for /;

C))
The line /> is parallel to /1 and passes through the mid-point of AB
Given that /; intersects C at the points P and Q,
(c) find the length of PQ, giving your answer in its simplest surd form.

(©))

(Total for Question 2 is 11 marks)

Q3

The circle C has equation
x>+ —6x+10y+9=0
(a) Find

(1) the coordinates of the centre of C
(i1) the radius of C
3)

The line with equation y = kx, where k is a constant, cuts C at two distinct points.

(b) Find the range of values for k
(6)

(Total for Question 3 is 9 marks)




Q4

A circle C with centre at (— 2, 6) passes through the point (10, 11).
The circle C also passes through the point (10, 1) and has the equation
(x+2)*+ (y—6)* =132

The tangent to the circle C at the point (10, 11) meets the y axis at the point P
and the tangent to the circle C at the point (10, 1) meets the y axis at the point Q.

Show that the distance PQ is 58 explaining your method clearly.

(Total for Question 4 is 7 marks)

End of Questions



Gold Mark Scheme

Q1
Question
Mo Scheme Marks
() O 10-2 S O _10-4
e 17 94 2
2 6 M1 A1l
(B) | mymy =-1: Exﬂ—az_l o=13 *3 (3)
TH; far | (a) Alternative method (Pythagoras) Finds all three of the following
F: |
(9-(-3)) +(10-2)", (ie208) , (9-a) +(10-4). (a—(-3)) +(4-2) |Mi
Using Pythagoras (comect way around) e g a +6a+9=240+a" —18a+81 o | M
form equation A
Solve (or venfy) fora, a= 13 (*) (3)
(b} Centre 15 at (3, 3) B1
[r* =) 10 -3 + (@ -5)" or equiv. or [d7 =) (13— (- 3)F +(4-2)° .54
(x=5)" +(p-3)" =65 or ¥ +)" =10x-6y-31=0 M1 Ml5l
Al:lrtfl Uses (x=a)’ +(y=58" =r" or x" + 3" +2gx + 2y +c =0 and substimtes M1
(B) 32, 49; T0) e {13 4 thvcin cbisivamtcn cone: anlbinsing
Elmunates second unknown M1
Obtains g=-5,f=-3.c=-3lor a=5b=3 r =65 Al A1,
Bicao (5)
[&]




(b)

M1 -consaders gradients of PO and OR -monst be p difference / x difference

(or considers three lengths as m alternative method)

M1 Substitutes gradients into product = -1 {or lengths into Pythagoras” Theorem the
correct way round )

Al Obtains @ = 13 with no errors by solution or venhcaton. Venfhication can score 373,

Geomeincal method: Bl for coordinates, of centre — can be wmplied by use i part (b)
M1 for attempt to find r'.d”. r or d ( allow one slip in a bracket).
Al cao. These two marks may be gamed implicitly from circle equation

M1 for (x5 +(v23 ' =For (x13) +(¥15)° =& ft their (5,3) Allow k° non
aumerical.

3
Al cao for whole equation and rhs must be 65 or (/65 | . (similarly Bl must be 65 or

{JE ]] , in alternative method for (b))

Cuestion

Husrnbsar
Furthar
altematives (1) A mumber of methods find gradient of POQ = 273 then grve M1

perpendicular gradient 15 =372 Thas 1s M1

They then proceed using equations of lines through point @ or by using | M1
4=-10 3

gradient OF 1o obtain equation such as 2 =_E M1 (may sull have
a—

1 un thas equation rather than o and there may be a small slip)

They then complete to give (a )= 13 Al Al

(1) A long involved method has been seen finding the coordinates of the | M1
cenire of the circle first.

This can be done by a vanety of methods

Grving centre as (o, 3) and using an equation such as
(c—9Y +7" m{c+3¥ +1' (equal radis)

or 3_: =—% M1 (perpendicular from centre to chord bisects chord)

R
Then using ¢ (= 5} to find 2 15 M1 M1
Fmally a=13 Al Al
(m1) Vector Method: M1
States PQ. QR = 0, with vectors stated 121 +8j and (9 — a)i + 6 is M1
Evaluates scalar product so 108 - 122+ 48 =0 (M1) M1

solves to grve a = 13 (Al -




Q2

QN:T'SnE:: Scheme Marks
@) 00-D 2 +7-1F o JOo-27 +7-1) M1 A1
(x+2)?+(vt1)? =k (k a positive value) M1
(x=2)* +(y-1) =100  (Accept 10* for 100) Al
(Answer only scores full marks) (4)
(b) (Gradient of radins = = == g (or equiv.) Must be seen in part (b) B1
Gradient of tangent = _3—4 (Using perpendicular gradient method) M1
¥y—7=m(x—10) Egqn..in any form. of a line through (10. 7) with any M1
numerical gradient (except 0 or =)
y-T= "T4(x —10) or equiv (ft gradient of radius, dep. on both M marks) | A1ft
3y =—4x+61} (N.B. The Al 1s only available as ft after B0)
The unsimplified version scores the A mark (1sw if necessary...
subsequent nustakes in simplification are not penalised here.
The equation must at some stage be exact, not. e.g. y=-1.3x+20.3
(4)
1|i Condone sign ship if there 1s evidence of correct use of Pythag. | M1
V102 —5? or numerically exact equivalent Al
PO [— .Nr_ ] = 1:]«.1"_ Sumplest surd form llJ\rr_ 3 required for final mark | A1
(3)
11

(b) 2* M: Using (10, 7) to find the equation. in any form. of a straight line
through (10, 7), with any numerical gradient (except 0 or ).

Alternative: 2™ M: Using (10, 7) and an m value in y=mx + ¢ to find a
value of ¢.

(b) Alternative for first 2 marks (differentiation):

2A{x-2)+2(y-1) % =0 orequv. Bl

Substitute x = 10 and y = 7 to find a value for % M1
(This M mark can be awarded generously. even if the attempted

‘differentiation’ is not ‘umplicit’).
(c) Alternatives:

To score M1, must be a fully correct method to obtain %PQ or PQ.

1" A1: For alternative methods that find PQ directly, this mark is for an
exact numerically correct version of PQ.




Q3

Question Scheme Marks | AOs
(a) Attempts to complete the square {1:3}: +(yt S]I2 = M1 1.1b
(i) Centre (3,-5) Al | 1.1b
(1) Radius 5 Al 1.1b
(3)
(®) | Uses a sketch or otherwise to deduce k = 0is a critical value Bl 22a
Substitute y=/kx in x* +y’ —6x+10y+9=0 M1l | 3la
Collects terms to form correct 3TQ  (1+k” )x? +(10k—6)x+9=0 Al | 1.1b
Attempts b* —4ac...0 for their a, b and ¢ leading to values for &
2 ) ' 15 M1 | 1.1b
"(10k—6) —36(1+k‘)...ﬂ"—:»k:...,... (aand ?J
Uses b> —4ac >0 and chooses the outside region (see note) for their dM1 31a
critical values (Both a and b must have been expressions in k) -
15
Deduces k{ﬂ,k}; oe Al 22a
(6)
(9 marks)




MNoles

()

MI: Attempts {x=3)" +{p=3) =..

This mark may be implied by candidates writing down & centre of (£3,15) or 7" =25
(i) A1: Cenire (3,-5)

(i) Al: Radius 5 Do not accept 425

Answers only (no working) scores all three marks

(b)
B1: Uses a sketch or their ﬁ.llhEE:]UETI‘t qluad.mﬁn toy dadiee that & = 0is a crineal valna

You may award for the correct &< 0 bul award of &< Qor even with greater than symbols
M1: Substitites v =Fkr in "+ 3 —Ar+10p+9 = O or their {:l:+“i]|2 +{_1p+.‘i;'|2 = ...t form an

equation 1 just x and & . It 15 possible to substifute I=%I.I]]I:I'L1:|-E1I' crcle equation to form an
equation in just y and k

Al: Correct 3TQ [1+4% | x* +(10% —6)x + 9= Owith the terms in x collected. The "= 0 can be
immphed by subsaquent work. This may be awarded from an equation such as

x4k 410k - 6)x+9 =0 50 long as the correct values of @, b ad ¢ are used in b —dac...0.

FYI The equation m y and kis {1+&* }f +|{1ﬂ&1 -151}‘..-+911 =0 oe

M1: Attempts to find two critical values for kusing b —dac Oor b _dac where . could be "=
or any mequality.

dN1: Finds the outside region usmg their eritical values. Allow the boundary to be inchuded. Tt 15
dependent upon all previoas M marks and both @ and & mnst have been expressions m k.

Mote that 1t 15 possible that the correct regron could be the mside region if the coafficient of &
Aar 15 larger than the cosfficient of & m &* Eg

b’ —aac=(k-6] —4x(14k" |x9>0=-35k" ~12k > 0= k(35k+12) <0




Q4

Question Scheme Marks | AOs
Finds radius gradient ——— =% Ml | 3.1
mn raaius 1211 or m 1a
SR To—(2) " 10-(2)
1
Finds gradient perpendicular to their radius using —— M1 1.1b
m
Finds (equation and ) y intercept of tangent (see note below) M1 1.1b
Obtains a correct value for y intercept of their tangent 1.e.35 or -
73 Al 1.1b
Way 1: Deduces gradient of Way 2: Deduces midpoint of M1 11b
second tangent PQ from symmetry ( (0,6)) )
Fmds (equation and ) y Uses this to find other intercept M1 1.1b
intercept of second tangent
| So obtains distance POQ=35+23=58% Al* 1.1b
(7)
( 7 marks)
Notes
M1: Calculates ——s . AT
M1: Calculates or m
10-(-2) 10-(-2)
12 12
M1: Finds —— (correct answer 15 —? or T} This 15 referred to as m' in the next note.
m

12 12
M1: Attempts y—11=rher'r[—?J{I—lG] or }'—1=Iﬁ€1'!‘[?]{1'—10}m1d. puts x =0, or
y—11 ,
= =—m
10

uses vectors to find intercept e.g.

Al: One correct intercept 35 or—23




Qul7 continued

Way 1:
. . 12 12
M1: Uses the negative of thewr previous tangent gradient or uses a correct —? or ?

M1: Attempts the second tangent equation and puts x = 0 or uses vectors to find intercept
b -
eg o
Way 2:
M1: Finds mudpomt of PQ from symmetry. (Ths 15 at (0,6))
M1: Uses this nudpoint to find second mtercept or to find difference between nudpoint and first
wtercept. e g 35 — 6 = 29 then 6 — 29 = =23 so second wntercept 15 at (-23, 0)

Ways 1 and 2:
Al* Obtam 58 correctly from a valid method.




Platinum Questions

Calculators may not be used &%

The total mark for this section is 20

A point P lies on the curve with equation

x2+3)? —6x + 8y =24.

Find the greatest and least possible values of the length OP, where O is the origin.
(6)

(Total for Question 1 is 6 marks)




The line with equation y = mx is a tangent to the circle C with equation

(x+472+ @y -77%=13.

(a) Show that m satisfies the equation

3m? + 56m + 36 = 0.
4

The tangents from the origin O to C) touch Ci at the points 4 and B.

(b) Find the coordinates of the points 4 and B.
3)

Another circle C; has equation x? + * = 13. The tangents from the point (4, —7) to C> touch it
at the points P and Q.

(c) Find the coordinates of either the point P or the point Q.

(2)
(Total for Question 2 is 20 marks)

End of Questions
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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
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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.
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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
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Bronze Questions

Calculators may not be used

The total mark for this section is 26

Q1
f(x)=2x"—7x> —5x+4

(a) Find the remainder when f(x) is divided by (x —1)

2
(b) Use the factor theorem to show that (x+1) is a factor of f(x)

2
(c) Factorise f(x) completely.

C))

(Total for Question 1 is 9 marks)

Q2

(a) Find the remainder when

X —2xr—4x+8

is divided by
(1) x—3
(i) x+2
3)
(b) Hence, or otherwise, find all the solutions to the equation
¥ =2 —4x+8=0
“4)

(Total for Question 2 is 7 marks)




Q3

fo)y=x*+x*+2x* +ax+b

where a and b are constants.

When f(x) is divided by (x — 1), the remainder is 7
(a) Show thata + b =3
(2)
When f(x) is divided by (x + 2), the remainder is —8
(b) Find the value of a and the value of b
(6))
(Total for Question 3 is 7 marks)

Q4

Given nell , prove that n® + 2 is not divisible by 8
(Total for Question 4 is 4 marks)

End of Questions



Bronze Mark Scheme

Q1
%‘;ﬁﬂg: Scheme Marks
fx)=22 — 7' —5x+ 4
(a) Remainder =f(1)=2-7=5+4=-6 Attempts f(1) or f(=1). | M1
- -6 | Al [2)
(b) iR 3{-1]3 -T{-l]:-ﬁ{-1j+4 f(—1) = 0 with no sign or subz:tll[.l;gu =
and so (x + 1) 1s a factor. B e ) . Al 2]
errors and for conclusion.
(e) f(x)={(x + D}(2x* —9x + 4) M1 Al
=x+D2x-1x -4 dnl Al
(Note: [fgnore the ePEN notation af (b) (should be {c}) for the final three marks in this part). [4]
3
{a) M1 for arrempting either f(1) or f{—1). Canbe imphed Cnly one shp permmtted.
M1 can also be given for an attempt (at least two “subtracting” processes) at long division to give a
remainder which 1s independent of x. Al can be given also for =6 seen at the bottom of long division
working. Award A0 for a candidate who finds —6 but then states that the remainder 15 6.
Award M1A1 for — 6 without any working.
() MI1: attempting only f(-1). Al: mmst correctly show f(-1) = 0 and give a conclusion in part (b) only.
Note: Stating “hence factor” or “1t 15 a factor™ or a “tick™ or “QED™ 1s fine for the conclusion.
Note also that a conclusion can be implied from a preamble eg: “If f{-1) =0, (x + 1)15 a factor. .~
Note: Long division scores no marks in part (b). The factor theorem is required.
(c) 1" M1: Attempts long division or other method. to obtain (2x° + ax + b). @ = 0, even with a remainder.

Working need not be seen as this could be done “by inspection.” (2x° * ax £ b) must be seen in part (c)
only. Award 1% MO 1f the quadratic factor is clearly found from dividing f(x)by (x —1). Eg. Some
candidates use their (2x° — 5x — 10) in part (¢) found from applying a long division method in part (a).

17 Al: For seeing (2x° - 9x + 4).

2* dM1: Factorises a 3 term quadratic. (see rule for factorising a quadratic). This is dependent on the
previous method mark being awarded. This mark can also be awarded if the candidate applies the
quadratic formula correctly.

7 A1 1s cao and needs all three factors on one line. Ignore following work (such as a solution to a
quadratic equation.)

Note: Some candidates will go from {(x + D}(2x" = 9x + 4) to {x=-1}, x =4, 4_and not list all three
factors. Award these responses M1ATMIAO.

Alternative: 1% M1: For finding either f(4)= 0 or f(1)= 0.

1" Al: A second correct factor of usually (x — 4)or (2x —1) found. Note that any cne of the other correct
factors found would imply the 17 M1 mark.

2 dM1: For using two known factors to find the third factor, usually (2x = 1).

2™ A1 for correct answer of (x + I)2x — Dix — 4).

Alternative: (for the first two marks)

1" M1: Expands (x + 1)(2x° + ax + b) {giving 2¢° + (a + 2)x° + (b + a)x + b } then compare
coefficients to find values for g and b. 1*Al: a=-9,b=4

Not dealing with a factor of 2: (x + 1){(x — 1)(x — 4) or (x + I){x — £)(2x — 8) scores MIAIMI1AD,
Answer only, with one sign ervor: eg. (x +1{2x + 1D(x —4) or (x +1)(2x — 1){x + 4) scores
MIAIMIAO.  (c) Award MI1AIMIAIL for Listing all three correct factors with no working,




Q2

Question
Number

Scheme

Marks

ali)
i)

(b)

f(3)=3"-2x3" -4x3+8 ;=5
fl-2)=(-8 -8+8+8)=0 ( B1 on Epen, but A1 in fact)
M1 is for attempt at either f{3) or f{-2) in (i) or f{(—-2) or f(2) in {ii).
[(x+2)(x"—4x+4) (= 0 not required) [must be seen or used in (b}]
(x+2)(x —2) (=0) i can imply previous 2 marks)
Solutions: x=2 or —2 (both) or(-2,2,2) [nowrong working seen]

M1, A1
B1 (3)

M1 A1
M1
A1 (4) [7]

Notes: (a)

No working seen: Both answers comrect scores full marks

One correct :M1 then A1B0 or ADB1, whichever appropriate.
Alternative {Long division
Divide by (x - 3) OR (x + 2) toget x~ +ax+b. a may be zero [M1]

B
2

x"+x —1 and +5 seen i.s.w.  (or “remainder = 57) [A1]

x* —4x +4 and 0 seen {or “no remainder™) [B1]

First M1 reguires division by a found factor ; e.g (x + 2), (x—2)or

what candidate thinks is a factor to get (x° + ax + b), @ may be zero.

First Al for [(x+2)](x°—4x+4) or (x—2)(x?—4)

Second M1:attempt to factorise their found quadratic. (or use formula correctly)

[Usual rule: x* + ax + b = (x + c)(x + d). where|cd|=|5].]

M.B. Second A1 is for solutions, not factors

5C: (1) Answers only: Both correct, and no wrong, award MOATMOA1 (as if B1,B1)
One correct, (even if 3 different answers) award MOATMOAD (as if B1)
(ii) Factor theorem used to find two correct factors, award M14A1,

then MO, A1 if both correct solutions given. ( -2,2,2 would earn all marks)

(iii) If in (a) candidate has (x + 2)(x* —4) BO, but then repeats in (b),
can score M1AOMI(if goes on to factorise)AD (answers fortuitous)
Alternative (first two marks)

(x+2)x" +bx + ¢) =x° +(2+B)x” + (2b+c)x + 2¢ = 0 and then compare
with x*—2x —4x+8=0tofind bandc. [M1]
b=-4c=4 [A1]
fdethod of grouping
¥ =2xt—4x +8=x7(x -2) 4(x£2) M1; = x7(x —-2) — 4(x —2) A1
[= (x% = 4)(x — 2)] = (x+2)(x—2)" M1
Solutions: x=2, x=—2 both Al




Q3

%‘:ﬁggp Scheme Marks
(@) | f)=x*+x +2x +ax+b
Attempting f(1) or f(-1). M1
f)=1+1+2+a+b=T7 ord+a+b=7= a+b=3 (asrequired) AG Al * cso
(2)
(b) | Attempting f(-2) or f(2). M1
f(-2)=16-8+8-2a+b=-8 {=>-2a+b=-24} At
Solving both equations simultaneously to getas faras a =... or b= _. dm1
Anyoneof a=9 or b=-6 A
Both a=9 and b=—-06 Al cso
(5)
[7]
Notes
(a) | M1 for attempting either £(1) or f(-1).
Al for applying f(1) . setting the result equal to 7, and manipulating this correctly to give the
result given on the paper as a + b =3 Note that the answer 15 given in part (a).
(b) | M1: attempting either f(-2) or f(2).

Al: cormect underlined equationin gand b; eg 16 —8 + 8 — 2a + b =—8 or equivalent,

eg 2a+b=-24
dM1: an attempt to eliminate one variable from 2 linear simultaneous equations in a and 5.

Note that this mark 1s dependent upon the award of the first method mark.
Al: anyoneof a=9 or b=-6_

Al: both a=9 and b =—6 and a correct solution only.

Alternative Method of Long Division:

(a) M1 for long division by (x — 1) to give a remainder in @ and b which 1s independent of x.
Al for {Rfma.i.nder =} b+a+4=7 leading to the comrect result of @ + b =3 (answer given.)
(b) M1 for long division by (x + 2)to give a remainder in a and b which 1s independent of x.
Al for {Remainder =} b —2(a —8)=—8 {= —2a +b=—24}.

Then dM1ALA] are applied in the same way as before.




Score as below so M0 A0 M1 Al or M1 A0 M1 Al are not possible

Generally the marks are awarded for

M1: Suitable approach to answer the question for n being even OR odd

Al: Acceptable proof for n being even OR odd

M1: Suitable approach to answer the question for 1 being even AND odd

Al: Acceptable proof for n being even AND odd WITH concluding statement.

There 1s no merit in a

e student taking values, or multiple values, of n and then drawing conclusions.
So n=5=>n"+2=127 which is not a multiple of § scores no marks.
o student using divided when they mean divisible. Eg. "Odd numbers cannot be

divided by 8" is incorrect. We need to see either "odd numbers are not divisible
by 8" or "odd numbers cannot be divided by 8 exactly”

: m+2 15 1 ..
e stating =—n" +— which is not a whole number
n+l) +2 . .
e stating Q L +E n +E n +E which is not a whole number
8 8 8 8 8
Logical . . 3 -
approach States that if n 1s odd, 7 1s odd M1 2.1
son” + 2 is odd and therefore cannot be divisible by 8 Al 2.2a
States that if 1 is even, » is a multiple of 8 M1 2.1
so + 2 cannot be a multiple of 8
So (Given ne N), T’ +2 is not divisible by 8 Al 2.2a
)
4 marks

First M1: States the result of cubing an odd or an even number
First Al: Followed by the result of adding two and gives a valid reason why it is not divisible by 8.
So for odd numbers accept for example
"odd number + 2 is still odd and odd numbers are not divisible by 8"
"3 +2 is odd and cannot be divided by 8 exactly"
and for even numbers accept
"a multiple of 8 add 2 is not a multiple of 8, so #" + 2is not divisible by 8"
"if »’is a multiple of 8 then »° + 2cannot be divisible by 8"
Second M1: States the result of cubing an odd and an even number
Second Al: Both valid reasons must be given followed by a concluding statement.




Q4

Question Scheme Marks AQOs
Algebraic (Ifniseven,) n=2k and n° +2=(2k| +2 =8k +2 M1 2.1
approach | Fo ‘This is 2 more than a multiple of 8, hence not divisible by &’ Al 29

Or ‘as 8k’ is divisible by 8 , 8k + 2 isn’t’ e
(Ifnisodd) n=2k+1and n +2=(2k+1) +2 M1 2.1
=8k* +12k" + 6k +3
which is an even number add 3, therefore odd. Al 222
Hence it is not divisible by 8
So (given neN.) T +2 is not divisible by 8
(&)
- P42 (2k)+2 8k 42
algebraic : . — n — — M1 2.1
approach (If n1s even,) n=2k and g g g
s 1
pLia L Al 2.2a
which is not a whole number and hence not divisible by 8
; (2k+1) +2
(ffnis odd)n=2k+1 and " ;2=‘- 8-] M1 2.1
B 412k +6k+3
B 8
The numerator is odd as 8% +12k* +6k +3 is an even number +3 Al 224
hence not divisible by 8
So (Given neN.) i +2 is not divisible by 8§
4)

Notes

Correct expressions are required for the M's. There is no need to state "If n is even,” n=2kand "If
n is odd, n=2k+1" for the two M's as the expressions encompass all numbers. However the
concluding statement must attempt to show that it has been proven for all ne N

Some students will use 2k —1 for odd numbers

There is no requirement to change the variable. They may use 2n and 2n=1
Reasons must be correct. Don't aceept 8% + 2 cannot be divided by 8 for example. (It can!)

8K +12k +6k +3 =i +Ek1 +%Fc+% which 1s not whole number" is too vague so

Also **"=
S0 g 3

A0




X

Silver Questions

Calculators may not be used

The total mark for this section is 29

Q1
fo) =4x° — 12x* +2x - 6

(a) Use the factor theorem to show that (x — 3) is a factor of f(x)

(2)

(b) Hence show that 3 is the only real root of the equation f(x) =0
“4)
(Total for Question 1 is 6 marks)

Q2

fox) = 2x° — 7x? — 10x + 24

(a) Use the factor theorem to show that (x + 2) is a factor of f(x)

2
(b) Factorise f(x) completely.

C))

(Total for Question 2 is 6 marks)




Q3
f(x)=(Bx—2)(x—k)—8

where k is a constant.

(a) Write down the value of (k)

When f(x) is divided by (x — 2) the remainder is 4
(b) Find the value of £

(c) Factorise f(x) completely.

)

2

3)
(Total for Question 3 is 6 marks)




Q4

f(x)=x>+ax*+bx+3

where a and b are constants.

Given that when f (x) is divided by (x + 2) the remainder is 7,
(a) show that 2a —b =06
2
Given also that when f (x) is divided by (x — 1) the remainder is 4,
(b) find the value of a and the value of b.
“)
(Total for Question 4 is 6 marks)

Q5
(a) Prove that for all positive values of @ and b
da + b (14
b a
C))
(b) Prove, by counter example, that this is not true for all values of a and b
1)

(Total for Question 5 is 5 marks)

End of Questions



Silver Mark Scheme

Ql
Question Scheme Marks AOs
@ States or uses f(+3)=0 M1 1.1b
4(3)° -12(3)*+2(3)-6=108-108+6—6=0 and so (x—3) is a
g Al 1.1b
factor
(2
(b) Begins division or factorisation so
S vnZom e aredi 3 M1 21
4 —12x" +2x—6=(x—3)(4x" +...)
40 —12x7 +2x - 6=(x—-3)(4x* +2) Al 1.1b
Considers the roots of their quadratic function using completion M1 71
of square or discrimmant )
{4.1‘2 +2) =0 has no real roots with a reason (e.g. negative
number does not have a real square root, or 4x7 +2 > 0 for all x) Al* 24
Sox=31s the only real root of f{x) =0 %
(4)
(6 marks)
Notes
(a) MI1: States or uses f(+3)=10
Al: See correct work evaluating and achieving zero, together with correct conclusion
(b) M1: Needs to have (x — 3) and first term of quadratic correct
A1 Must be correct — may further factorise to 2(&'—3}{23‘3 +1)
M1: Considers their quadratic for no real roots by use of completion of the square or
consideration of discriminant then
Al*: a correct explanation.




Q2

Question Schema Marks
number
(2) fl-2)=2(-2) -7{-2)" -10.(-2)+ 24 M1
=0 so ix+Z) isa factor Al
(2
{b) f(x) = (x+2)(2x" —11x+12) M1 Al
flx)=(x+2)(Zx—3)(x—4) dM1 Al
(4
b marks
Motes (a) | M1 : Attempts f{£2) (Long division & M)
Al : is for =0 and conclusion
Note: Stating “hence factor™ or “it is a factor™ ora " (tick) or *QED" is fine for the
conclusion.
Note also that a conclusion can be implied froma preamble, eg: “IF F{-2) =0, (x+ 2} isa
factor....” (Mot just £{-2)=0)
(b) | 1" MI: Attempts long division by correct factor or other method leading to obtaining

(2x* +ax+ B, a=0, b0, even with a remainder. Working need not be seen as could be
done “by inspection.”

Or Alernative Method : 1" M1: Use (x+ 2)(ax’ + bx+c) = 2x° —Tx* —10x+ 24 with
expansion and comparison of coefficients to oltain a2 = 2 and to obtain valees for b and ©

1* Al: Forseeing (2x° —1Lx + 12). [Can be seen here in (b) after work done in (a)]

2™ M1: Factorises quadratic. (see rule for factorising a quadratic). This is dependent on the
previous method mark being awarded and needs factors

2 Al: is cao and needs all three factors together. Ignore subsequent work {such as a solution

to & quadratic equation.}

Note: Some candidates will go from {{x+2)] (2" —1lx+12) to {x=-2}, x=3. 4, and not
list all three factors. Award these responses M1ATMOAD

Finds x = 4 and x = 1.5 by factor theorem., formula or caleulator and produces factors M1
fle)=(x+2)(2x—3)(x—4) or Fix)=2(x+2)(x-1.5{x—4) o.e. is full marks
flx)=(x+2)(x—1.5){x—4) loses last Al




Q3

(e}

Question
sy Scheme Marks
Q (a) | f(k)=-8 B1 (1)
(b) | f(2)=4= 4=(6-2)2-k)-8 M1
So k=-1 Al (2)
() f(x)=3x" =(2+3k)x+(2k-8) =3x'+x-10 M1
=(3x - 5)(x+2) M1A1  (3)
(6]
{b) | M1 for substituting x = 2 (not x = —2) and equating to 4 to form an equation in k.

If the expression is expanded in this part, condone ‘slips® for this M mark.
Treat the onussion of the — 8 here as a 'shp' and allow the M mark.
Beware:
Substituting x = -2 and equating to 0 (M0 A0) also gives k=-1.
Alternative;
M1 for dividing by (x - 2), to get 3x + (function of k), with remainder as a function of k.
and equating the remainder to 4. [Should be 3x + (4 - 3k). remainder - 4k ].
No working:
k = =1 with no working scores M0 AQ.

1M1 for multiplying out and substituting their (constant) value of k (in either order).
The multiplying-out may occur earlier.
Condone. for example. sign slips. but if the 4 (from part (b)) 1s included in the fix)
expression. this is M0, The 2™ M1 is still available.

2™ M1 for an attempt to factorise their three term quadratic (3TQ).

Al The correct answer. as a product of factors. is required.
5
Allow 3[ x— E}(x +2}

Ignore following work (such as a solution to a quadratic equation).
If the ‘equation’ is solved but factors are never seen. the 2" M is not scored.




Q4

Question Scheme Marks
number
(a) f(-2)=—8+4a-2b+3=7 M1
Al
—bh=6 *
(b) f)=1+a+b+3=4 M1 Al
Solve two linear equations to give a =2 and b =-2 M1 Al
C))
(1]
Notes (a) M1 : Attempts f{ £2 ) = 7 or attempts long division as far as putting remamnder equal to 7
(There may be sign slips)
Al 1s for comrect equation with remainder = 7 and for the printed answer with no errors
and no wrong working between the two
{b) M1 : Attempts f{ £1) = 4 or attempts long division as far as putting remainder equal to 4
A1l 1s for comect equation with remainder = 4 and powers calculated correctly
M1 : Solving simultaneous equations (may be imphied by correct answers). This mark may
be awarded for attempts at elimination or substitution leading to values for both a and b. Errors
are penalised 1n the accuracy mark.
Al 1scao for values of @ and b and explicit values are needed.
Special case: Misreads and puts remainder as 7 again in (b). This may earn M1AOMIAO in
part (b) and will result in a maximum mark of 4/6
D_L?l?g £+ (@-Dx+ (b-2a+4)
rrisions (x+2)} *+ ac+ bx+ 3 and reach their “3-2b+4a-8"=7 Ml
©+ 2
4+ (@+Dx+ (+a+l)
(x—l}) Y+ e+ bx+ 3 and reach their 3 + b +a+1"=4 Ml
- ¥
A marks as before




Q5

Question Scheme Marks AOs

@) States (2a—b)"_.0 M1 2.1

4a’ +b._4ab Al L1b

(As a>0.b>0) t—‘;{—;_.% M1 2.2a

Hence 1—a+§. .4 * CSO Al¥ 1.1b
(4)

®) a:S,b:—lﬁz—a+%=—2{}—%whjch 15 less than 4 Bl 24
(1)

(5 marks)

Notes
(a) (condone the use of > for the first three marks)

MI1: For the key step m stating that {Za—bf D
Al: Reachesda +5 .. 4ab

M1: Divides each term by ab = 4i+ b— : .415
ab  ab  ab

Al*: Fully correct proof with steps in the correct order and gives the reasons why this 1s true:

¢ when you square any (real) number 1t 15 always greater than or equal to zero

e dmviding by ab does not change the mequalityas a >0 and b>0

(b)

Bl: Provides a counter example and shows it 1s not frue.

This requures values, a calculation or embedded values(see scheme) and a conclusion. The
conclusion must be m words eg the result does not hold or not true
Allow 0 to be used as long as they explain or show that 1t 15 undefined so the statement 15

not true.



Gold Questions

Calculators may not be used

The total mark for this section is 27

Q1
fox) = —6x> — 7x* + 40x + 21

(a) Use the factor theorem to show that (x + 3) is a factor of f(x)

2
(b) Factorise f(x) completely.

C))

(Total for Question 1 is 6 marks)

Q2

f(x)=x*+5x>+ax+b,

where a and b are constants.

The remainder when f(x) is divided by (x — 2) is equal to the remainder when f(x) is divided
by (x + 1).

(a) Find the value of a.

)
Given that (x + 3) is a factor of f(x),
(b) find the value of b.

3)
(Total for Question 2 is 8 marks)




Q3
for) = 2x° — 13x% + 8x + 48

(a) Prove that (x —4) is a factor of f{(x)

2
(b) Hence, using algebra, show that the equation f(x) = 0 has only two distinct roots.
C))
V A
y =)
O L
Figure 2
Figure 2 shows a sketch of part of the curve with equation y = f(x).
(c) Deduce, giving reasons for your answer, the number of real roots of the equation
2x3 —13x* +8x+46=0
2

Given that k is a constant and the curve with equation y = f(x + k) passes through the origin,
(d) find the two possible values of £.
2
(Total for Question 3 is 10 marks)




Q4

(a) Prove that for all positive values of x and y

\/E Dx+y

2

2

(b) Prove by counter example that this is not true when x and y are both negative.
(0))
(Total for Question 4 is 3 marks)

End of Questions



Gold Mark Scheme

Q1

%uestmn Scl I
(a) Attempt f(3) or f(—3) Use of long division 1s MOAO as factor theorem was required. M1
f(—3)=162-63-120+21=0 so (x+ 3)1safactor Al
()]
(b) | Either (Way 1):  £(x) =(x + 3)(—6x" +11x+7) MI1A1
=(x+3Bx+N2x+1D or (x+3)Bx—-N2x +1) MI1A1
@
Or (Way 2) Uses trial or factor theorem to obtain x = — 1/2 or x = 7/3 M1
Uses trial or facter theorem to obtain both x = —1/2 and x=7/3 Al
Puts three factors together (see notes below) M1
Comect factorisation - (x +3)(7—3x)(2x + Dor <{x +3)(3x —7)(2x +1) oe Al
@
Or (Way 3) No working three factors (x + 3)(—3x + 7)(2x + 1) otherwise need working MELAIBILAL
[£1]
Notes
(a) M1 for attemptng either f(3) or f(~3) — with numbers substituted into expression
Al for caleulating £(=3) correctly to 0, and they must state (x + 3) is a factor for Al (or equivalent ie.
QED, [| oratick). A conclusion may be implied by a preamble, “if f{—3) = 0. (x+3) is a factor™.
=G(=3)=T(=3F + 40(=3) + 21 = 0 so (x + 3) is a factor of fix) is M1Al providing bracketing is correct.
(b) 19 M1: attempting to divide by (x + 3)leading to a 3TQ beginning with the correct term, usually —6x".

This may be done by a variety of methods including long division, comparison of coefficients,
mspection ete. Allow for work in part (a) if the result 1s used i (b).

1% Al: usually for (=6x% +11x +7) ... Credit when seen and use isw if miscopied

2% M1: for a valid* attempt to factorise their quadratic (* see notes on page 6 - General Principles for
Core Mathematics Marking section 1)

2% A1 is cao and needs all three factors together fully factorised. Accept e.g. 3(x +3)(x —(2x + 1)
but (x + 3)(x —F)(—6x —3) and (x +3)(3x —7)(=2x — 1) are A0 as not fully factorised.

Ignore subsequent work (such as a solution to a quadratic equation.)

Way 2: The second M mark needs three roots together so 'zﬁ{x—a'} (x—ﬂ}(_r+ 3] or equivalent where
they obtained @ and [ by trial, so if correct roots identified, then (x +3)(3x = 7)(2x + 1) can gain
MIAIMI1AD.

N.B. Replacing (—6x* +11x + 7) (already awarded M1A1) by (6x° —11x — 7) giving

{(x +3)(3x — 7)2x + 1) can have M1AQ for factorization so M1AIM1A0




Q2

(b)

Question
T Scheme Marks
(@) | f(2)=16+40+2a+b or f(-1)=1-5-a+b M1 A1
Finds ?nd remainder and equates to 1st = 16+40+2a+b=1-5—a+5b | M1 Al
a=-20 Alcso  (9)
(b) | £(-3)=(-3)*+5(-3)° -3a+b=0 M1 Alft
81-135 +60+b5=0gives h=-6 Al cso
(3)
| [8]
Alternative | (a) Uses long division. to get remainders as b + 2a+ 56 orb—a-4 or M1 A1
for (a) correct equivalent
Uses second long division as far as remainder term, to get M1 A1
b+ 2a+ 5= b—a-4orcomect equivalent
a=-20 Alcso  (9)
fAlte?atWe (b) Uses long division of x* +5x° —20x+5 by (x + 3) to obtain —
or (b) x +2x" —6x+a +18 ( with their value for a )
Giving remainder 5+ 6 =0 and so b= -6 Al cso (
3)
[8]
Motes (a) M1 : Attempts f{32) or f{£1)

Al is for the answer shown (or simplified with terms collected ) for one remainder

M]1: Attempts other remainder and puts one equal to the other
Al: for correct equation in a (and b) then Al for a=-20 cso

M1 : Puts £(£3)=0

Al 1s for f{ -3) = 0, (where { 15 oniginal function), with no sign or substitution errors

(follow through on “a” and could still be in terms of @ )
Al: b=-61scso.

Alternatives

(a) M1I: Uses long division of x* 4 5x° 4+ ax+ 5 by (x £2) or by (x *1) as far as three

term quotient
Al: Obtains at least one correct remainder

M1: Obtains second remainder and puts two remainders (no x terms) equal
Al: comrect equation  Al: comrect answer a = -20 following correct work.

{(b) M1: complete long division as far as constant (ignore remainder)

Alfi: needs correct answer for their a
Al: cormrect answer

Beware: It 1s possible to get correct answers with wrong working If remainders are equated to 0 1n

part (a) both correct answers are obtained fortuitously. This could score M1ATMOAOCAOMI1ATAD




Q3

Question Scheme Marks | AOs
(@) | Attempts £(4)=2x4°—13x4> +8x4+48 Ml | Llb
f(4)=0= (x—4) is a factor Al 1.1b
@
(b) | 22 —13x7 +8x+48=(x—4)(2x*.x-12) Ml | 21
=(x—4)(2x* -5x-12) Al | L1b
Attempts to factorise quadratic factor or solve quadratic eqn dM1 L.1b
fx)=(x-4)"(2x+3)=1f(x)=0 Al 24
has only two roots, 4 and —1.5
“@
(c) Deduces either three roots or deduces that f (x) is moved down Mi 22
' 2a
two units
States three roots, as when f (x) is moved down two units there Al 24
will be three points of intersection (with the x - axis) '
@
d .
) For sight of k=:'.:% M1 1.1b
k=42 Alf | Lb
@
(10 marks)




Notes

(a)

M1: Attempts to calculate f(4).
Do not accept f(4)=0without sight of embedded values or calculations.
If values are not embedded look for two correct terms from f(4)=128-208+32+48
Alternatively attempts to divide by (x—4). Accept via long division or inspection.
See below for awarding these marks.

Al: Correct reason with conclusion. Accept f(4)= 0, hence factor as long as M1 has been
scored.
This should really be stated on one line after having performed a correct calculation. It could
appear as a preamble if the candidate states "If £(4) =0, then (x —4) is a factor before doing
the calculation and then writing hence proven or v oe.
If division/inspection is attempted it must be correct and there must be some attempt to
explain why they have shown that (x — 4)is a factor. Eg Via division they must state that

there 1s no remainder, hence factor

(b)

M1: Attempts to find the quadratic factor by inspection (correct first and last terms) or by
division (correct first two terms)

So for inspection award for 2x° —13x* +8x+48= (x—4) (2_1:2 X+ 12]

sz —5x
x—4) 2% —13x7 +8x+48

For division look for 2x° —8x?

~

—5x°
A1: Correct quadratic factor (21{2 —5.:(—12] For division award for sight of this "in the correct

place”" You don't have to see it paired with the (x —4 ) for this mark.
If a student has used division in part (a) they can score the M1 Al in (b) as soon as
they start attempting to factorise their (}I:n:2 —5:.{—12] .

dM1: Correct attempt to solve or factorise their (23:: —51—12] including use of formula

Apply the usual rules (Zx: - 5_1:—12] =(ax+b)(ex+d)where ac=%2 and bd =12

Allow the candidate to move from (x—4) [23:1 —5x— 12] to (x—4 .']2 (2x+3) for this mark.




dM1: Correct attempt to solve or factorise their (2x: —5_1:—12] including use of formula
Apply the usual rules (23{2 - 5.{—12] =(ax+b)(cx+d)where ac =2 and bd = =12
Allow the candidate to move from (x—4) (21{2 —5x— 12] to (x—4 l']z (2x+3) for this mark.
A1: Via factorisation
Factorises twice to f(x)=(x—4)(2x+3)(x—4)or f(x)=(x—4) (2x+3) or
f(x)=2(x-4 _']2 [x + %J followed by a valid explanation why there are only two roots.
The explanation can be as simple as
e hence x=4 and —% (only). The roots must be correct

» only two distinet roots as 4 is a repeated root
There must be some understanding between roots and factors.

Eg f(x)=(x—4) (2x+3)

only two distinet roots is insufficient.
This would require two distinct factors, so there are two distinct roots,
Via solving.
Factorsises to (x—4) (212 —5x— 12] and solves 2x* —5x—12=0= x=4, —% followed

by an explanation that the roots are 4,4,—% so only two distinct roots.

Note that this question asks the candidate to use algebra so you cannot accept any attempt to use
their calculators to produce the answers.

(<)
M1: For a valid deduction.
Accept either there are 3 roots or state that it is a solution of f(x)=2 or f(x)-2=0

Al: Fully explains:
Eg. States three roots, as f (x) is moved down by two units (giving three points of

intersection with the x - axis)
Eg. States three roots, as it is where f(x)=2 (You may see y =2 drawn on the diagram)

(@)
M1: For sight of +4 and i% Follow through on = their roots.

Alfe: k=4, —% Follow through on their roots. Accept 4, —% but not x =4, —%




Q4

Question Scheme Marks AOs
@) States (2a—b)"..0 M1 2.1
4a +b . 4ab Al L1b
(As a>0.b>0) 1—‘;{—;_.% M1 2.2a
Hence 1—a+§. .4 o CSO Al* 1.1b
4
(b) a=5,b=—1:>1—a+%=—20—%whjch 15 less than 4 Bl 24
(1)
(5 marks)
Naotes

(a) (condone the use of > for the first three marks)
M1: For the key step m stating that {Za—b]: .0

Al: Reacheszta: + bj_ dab

M1: Divides each term by ab = 4i+ b— : ﬂ
ab ab ab

Al*: Fully correct proof with steps in the correct order and gives the reasons why this 1s true:

e when you square any (real) number it 1s always greater than or equal to zero

e dmviding by ab does not change the mequalityas a >0 and b>0

(b)

Bl: Provides a counter example and shows 1t 1s not frue.

This requures values, a calculation or embedded values(see scheme) and a conclusion. The
conclusion must be m words eg the result does not hold or not true
Allow 0 to be used as long as they explam or show that 1t 1s undefined so the statement 1s

not true.



Platinum Questions

Calculators may not be used &%

The total mark for this section is 9

(a) Show that (x + 1) is a factor of 2x> + 3x* — 1
1)
(b) Solve the equation

X +2x+5 =x++2x+3
t))

(Total for Question 1 is 9 marks)

End of Questions



Platinum Mark Scheme

1
(a) | 2+3-1=0 so(x+ 1)is a factor Blcso
(D
() | x* +2x+5=x"+2xy/2x+3 +2x+3 Ml | Attempt to square.
— 3 terms on RHS
1=x2x+3 M1 Prepare for final sq
0=2x"+3x" -1 (Accept 2x° +3x” =1 oe.) Alcso
0:(x+])(2x2 +x—l) Mi Div attempt. At
least 2 correct
0=(x+D2x-1)(x+1) terms of quadratic
x=-1or L Al Correct factors and
- - both roots
Check —1: LHS=2 RHS=0 so —I is not a solution Bl Must reject —1
1. = f25 _ 5 _1 _ Attempts 0.5 in
Check 7: LHS \/T =3 RHS=3+ \/Z =2.5 Ml original or line 2
.. Only award if
(Only) solution is 0.5 | Al (8) cheek is in original
[S- for treating \/Z as + 2 etc]
191
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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 AS and A Level Mathematics: Pure Mathematics Year 1/AS’ 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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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

Calculators may not be used

The total mark for this section is 30

Q1

Find the first 3 terms, in ascending powers of x, of the binomial expansion of (2 — 3x)’

giving each term in its simplest form.

(Total for Question 1 is 4 marks)

Q2

(a) Find the first 4 terms, in ascending powers of x, in the binomial expansion of
(1 + kx)'

where £ is a positive constant. Give each term in its simplest form.

3)
Given that, in this expansion, the coefficients of x and x* are equal,
(b) find the exact value of £,

(©))
(c) find the coefficient of x*

(1)

(Total for Question 2 is 7 marks)




Q3

(a) Find the first 4 terms, in ascending powers of x, of the binomial expansion of
(2 + kx)’

where k is a non-zero constant. Give each term in its simplest form.

C))
Given that the coefficient of x* in this expansion is 1890
(b) find the value of £.

€))

(Total for Question 3 is 7 marks)

Q4

Find the first 3 terms, in ascending powers of x, of the binomial expansion of

il

giving each term in its simplest form.

(Total for Question 4 is 4 marks)

Q5

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 5 is 4 marks)




Qo6
40 !
Given that = 400 ,
4 4!p!

(a) write down the value of .

)

In the binomial expansion of (1 + x)*°, the coefficients of x* and x° are p and ¢ respectively.
p

(b) Find the value of 9
p

©))

(Total for Question 6 is 4 marks)

End of Questions



Bronze Mark Scheme

Ql

Question
number

Scheme Marks

MNotes

[(2-307]= .. M1

+ f | 24(=3x) +| ; | 2 (<307 +..,

=32, -240x, +720x° Bl, Al, Al

Total 4

M1: The method mark is awarded for an attempt at Binomial to get the second and/or third
term - need correct binomial coefficient combined with correct power of x. Ignore errors (or

omissions) in powers of 2 or 3 or sign or bracket errors. Accept any notation for 5l!fl and r‘C'E .

(B (5
eg. | ) | and | 2 | (unsimplified) or 5 and 10 from Pascal's triangle This mark may be given
if no working is shown, but either or both of the terms including x is correct.

B1: must be simplified to 32 ( writing just 2° is B0 ). 32 must be the only constant term

in the final answer- 50 32 +80 - 3x+80 +9 x" is B0 but may be eligible for M1AOAQ .
Al is cao and is for -240 x. (not +-240x) The x is required for this mark

Al:iscaoandisfor 7204 (can follow omission of negative sign in working)
A list of correct terms may be given credit i.e. series appearing on different lines
Ignore extra terms in ¥ and/or x* (isw)

Special
Case

Speclal Case: Descending powers of x would be
: (5 :
(—3x)° +2x5x (-3x) " + 27 x| 3 |>< (-3x)*+.1e. —243x" +810x" —1080x" +.. This is a

misread but award as s.c. M1B1AOAD if completely “correct” or M1 BOADAD for
correct binomial coefficient in any form with the correct power of x

Alternative
Method

e ) [h)

Method 1: [ (2-3°]=2°(1+ | ;(—3_2"‘}+| | [%}2 +.. )is MIBOADAO { The M1 is
for the expression in the bracket and as in first method- need correct binomial
coefficient combined with correct power of x Ignore bracket errors or errors (or omissions) in

powers of 2 or 3 or sign or bracket errors}
— answers must be simplified to = 32,—240x, +720x" for full marks (awarded as before)
- (5 ap (5
2-3x)" |=2(1+ —)+ |
L e |.1_-]': 2/ 2)

Method 2: Multiplying out : Bl for 32 and M1A1LA1 for other terms with M1 awarded if x or
¥"2 term is correct. Completely correct is 4/4

[%}-’ +.. ) would also be awarded M1B0OADAD




Q2

%“‘Eml Scheme Marks
(1+kc)”
(a) 1+ (k) + "G () +"°Cy ().
1+("c, x.xx |+ | 0C, x x|+ (MG x ). M1
=1 +100kx, + 4512 +12065%° Bl Al
(3)
(b) 120%° =10k M1
, M1
k =i so k=,
12
Al
k =£ o.e
© - (3)
C 15
3% M
(7 marks)

Notes

(a)
M1: All three binomual coefficients must be correct and must be with the correct power of x. (Ignore &) Accept
b (10 _ N o (10)

C, or| ) ‘ or 10 as a coefficient, and “C, or | or 45as another and ~C, or| : | or 120 as another........
Pascal’s triangle may be used to establish coefficients.
B1: The first two terms comect (1.e. =1 +10kx )
A1: The third and fourth terms are comrect — allow with brackets (i) (Le. 4557 +1208°%° or 45(k)" +1200kx) )
(Accept answers without + signs, can be listed with commas or appear on separate lines)
If extra terms are given then isw
(b)

M1: Sets their Coefficient of x equal to their Coefficient of x*but must have differing powers of &
M1: Divides then takes a square oot to give a value for & (May use difference of two squares to find & which 1s fine)

N or TS or i o.e. (needs to have just the one positive answer — 1f negative square root is also given,
this 15 AQ)

If there are x terms present e.g. 1205°x” = 10kx then this 15 MOMOAO

If both powers of & are the same this 15 also MOMOAD

(c)
45 15 : 15, ) =
B1: o or Y or 3.75 or equivalent Allow ?x (can follow negative value for &)

Al: k=




Q3

%Lmsuou ] Scheme Marks
(2+kx)
(a) 2"+ 70 2%h) + 02 () + 62 ey
First term of 128 Bl
(?C“] x.__xx]+|{?(.'2x...xxl}+(?('.“3x_._><xj)_._ Ml
—i17? 2 .2 2 5 3 ,_‘"
(128 ) + 448k + 672k x" +560k7x Al Al
q @
(b) 560k° =1890 MI
ﬁ—3=1390 50 ko ~dM 1
560
k=150e. Al
(3)
(Tmarks)
Alternative .
method | (2+44x) =27(1+ &Y’
For (a)

YA+7G (G + 106D GG L)

Scheme is applied exactly as before

Naotes
(a)
B1l: The constant term should be 128 in their expansion (should not be followed by other constant terms)
M1: Two of the three binomial coefficients must be correct and must be with the correct power of x. Accept

c or[

-

A
:J or 7 as a coefficient, and 'C, o{jl or 21as another and 'C, 0{; ] or 35 as another........
Pascal’s triangle mavy be used to establish coefficients.
Al: Two of the final three terms correct (i.e. two of 448k + 672k x" +560/°x° ).
Al: All three final terms correct. (Accept answers without + signs. can be listed with commas or appear on
separate lines)
e.g. The commeon error =(128 . ) + 448k + 672ic" + 560/ .. would earn B1, M1, A0, AO. so0 2/4 Then
would gain a maximum of 1/3 in part (b)
If extra terms are given then 1sw
If the final answer is given as =(128 .. ) +448ky + 672(kx)* +560(kx) .. with correct brackets and no errors
are seen, this may be given full marks. If they continue and remove the brackets wrongly then they lose the
accuracy marks.
Special case using Alternative Method: Uses 2 (1 + £)7 1s likely to result in a maximum mark of

BOMI1AOAQ then MIMIAO

If the correct expansion 1s seen award the marks and 1sw

(b)

M1: Sets their Coefficient of x° equal to 1890. They should have an equation which does not include a
power of x. This mark may be recovered if they continue on to get k=15

dM1: This mark depends upon the previous M mark. Divides then attempts a cube root of their answer to
give k— the intention must be clear. (You may need to check on a calculator) The correct answer implies
this mark.

Al: Any equivalentto 1.5 If they give — 1.5 as a second answer this 1s A0




Q4

- Scheme Marks
- .10
2-3)
.4
o (10V.0 1Y (100 ,( 1 12 For either the x term or the y” term
Way 1 "+ 1|2 —;£|+ 2 |2 "3%)=""  including a correct binomial coefficient | M1
b 4o xTd ! with a comrect power of x
First term of 1024 | Bl
) Either — 1280x or 720x” (Allow +-1280x here) Al
= 1024 —1280x + 720x>
— Both — 1280x and 720x* (Do not allow +1280x Al
here)
[4]
Way 2 : 10 Ml
- X X |2
[2—5 _of[1-10x 2,100 X
4 =8 2 g =
1024(1%.....)
— 1024 —1280x + 720%° BlAl “*'[*j]
Notes

M1: For either the x term or the x” term having correct structure i.e. a comect binomial coefficient in any form with the

correct power of x. Condone sipn errors and condone nussing brackets and allow alternative forms for binomial
10) 10

coefficients e.g. = c OI[ ) of eVen { T] or 10. The powers of 2 or of % may be wrong or missing.
LS —

B1: Award this for 1024 when first seen as a distinct constant term (not 1024x") and not 1 + 1024

Al: For one correct term in x with coefficient simplified. Either -1280x or 720x” ( allow +-1280x here)
2
Allow 720x” to come from [i] with no negative sign. So use of + sign throughout could give M1 B1 Al A0

Al: For both correct simplified terms i.e. -1280x and 720x° (Do not allow +-1280x here)
Allow terms to be listed for full marks e g 1024, —1280x, + 720x7

N.B. If they follow a correct answer by a factor such as 512—640x + 360x” then isw
Terms may be listed. Ignore any extra terms.

Notes for Way 2
M1: Correct structure for at least one of the underlined terms. 1€, a correct binomial coefficient in any form with the correct
power of x. Condone sign errors and condone missing brackets and allow alternative forms for binomial coefficients

10
eg mCI 01'[

. 1 A
this mark.
Bl: Needs 1024(1.... To become 1024
Al, Al: as before

10
oreven { T] or 10. k may even be 0 or . may not be seen. Just consider the bracket for




Q5

Question
Number Scheme Marks
G-20° =243, .. +5x(3)"(=2x)=-810x B, B1
i M1 Al 4
PELLT TR +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 15 required for this mark.
The method mark (M1) is generous and i1s awarded for an attempt at Binomial 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 °C; or even [g] or (;J or use of "10° (maybe from
Pascal’s tnangle)
May see “C,(3)'(-2x)" or *C,(3)*(-2x") or °C,(3) (—2x%) or 10(3)*(2x)" which would
each score the M1
Alis c.a.0 and needs 1080x” (if 1080x" is written with no working this 1s awarded both
marks 1.e. M1 Al.)
Special | 2434+810x+1080x" is BIBOMIAI (condone no negative signs)
N Follows correct answer with 27 —90x +120x" can isw here (sp case)— full marks for
correct answer
Misreads ascending and gives —32x° 4+ 240x* —720x° is marked as BIBOM1A0 special
case and must be completely correct. (If any slips could get BOBOMI1A0)
Ignores 3 and expands (1+ Zx}s 1s 0/4
243, -810x, 1080x” is full marks but 243, -810, 1080 is B1,B0,M1,A0
. - 5
NB Alternative method 3°(1-$x)" = P —5x3 x {% x} + [3]35 {— 3 Jt:)2 +.. 15 BOBOMIAOD
— answers must be simplified to 243 —810x +1080x" for full marks (awarded as before)
. 5
Special case 3(1—%34:)3 =3-5 XBK(%I}+[3]3{—%I)2 +.. 15 B0, B0, M1, A0
Or 3(1-2x)° is BOBOMOAO




Q6

Question N N
Humber
40 ! .
(a) [ 2 ] = % : (1+x)" coefficients of x*and x” are p and g respectively.
b=136 B1
Candidates should usually “identify” two terms as their p and g respectively. (1)
)] Any one of
Term 1 or
40 : Term 2
Term 1- go MC; e 40! = 40(39)(3B)3T) or 91390 ——T
4 41361 4 (Ignore the
label of p
Term and/or g.)
40 J Both of th
5 [ ] or ¥C, or 2O o 400GHBNGE) __ sssoos oth of them
5 5135! 5! correct.
(Ignore the | Al
label of p
and/or g.)
q 658008 36 658008
H = =— =712 .
ence, = e { 5 } for — oe | Al oe cso
(3)
[4]
Notes
(a) [ B1: for only b =36.

(b)

The candidate may expand out their binomial series. At this stage no marks should be awarded
until they start to identify either one or both of the terms that they want to focus on. Once they
1dentify their terms then if one out of two of them (1gnoring which one 1s p and which one 1s g)
1s correct then award M1. If both of the terms are identified correctly (1gnonng which one 15 p

and which one 1s g) then award the first Al

401 + o 40(39)(38)(37) £
41361 4
| -
40! 2 or 40(39)38)(37)(36) s
51351 51
are fine for any (or both) of the first two marks in part (b).

658008 . )
or equivalent. Note that 9 st be mdependent of x.
91390 r

40
Term1=[4]x‘* or ®C,(x*) or or 91390x*,

or 658008x°

Te:m2=[450]x5 or *Ci(x’) or

24 A1 for stating 9 as
r
Also note that % or 7.2 or any equivalent fraction is fine for the 2™ A1 mark.

SC: If candidate states E % . then award M1A1AOQ.
q

41361 5135!
or
31351 4136!

Note that either would be awarded M1A1.




X

Silver Questions

Calculators may not be used

The total mark for this section is 25

Q1

Find the first 3 terms, in ascending powers of x, in the binomial expansion of
(2 — 5x)°
Give each term in its simplest form.

(Total for Question 1 is 4 marks)

Q2

(a) Find the first 4 terms, in ascending powers of x, of the binomial expansion of (1 + ax)’,
where a is a constant. Give each term in its simplest form.

“4)
Given that the coefficient of x? in this expansion is 525,

(b) find the possible values of a.
2

(Total for Question 2 is 6 marks)

Q3

(a) Find the first 3 terms, in ascending powers of x, of the binomial expansion of
(2 + kx)’
where £ is a constant. Give each term in its simplest form.
C))
Given that the coefficient of x* is 6 times the coefficient of x,
(b) find the value of £.

2

(Total for Question 3 is 6 marks)

@ Pearson



Q4

(a) Use the binomial theorem to find all the terms of the expansion of

(2 + 3x)*
Give each term in its simplest form.
C))
(b) Write down the expansion of
(2 - 3x)*
in ascending powers of x, giving each term in its simplest form.
(0))

(Total for Question 4 is 5 marks)

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

(-t

giving each term in its simplest form.

(Total for Question 5 is 4 marks)

End of Questions



Silver Mark Scheme

Q1

Question
Number

Scheme

Marks

G

=) 64

Award this when first seen (not 64x°%)

B1

+6x(2) (-5x) +

)

w 5§ Fl =
X3 (2} (-5x)*

Attempt binomual expansion with correct
structure for at least one of these terms. E g a

6 o
term of the form: [ ]x [2]6 » (—5x)°

P
with p =1 or p = 2 consistently. Condone
sign errors. Condone mussing brackets if later
work implies correct structure and allow
alternative forms for linomial coefficients

6
ez 5(_"] or( ]D[‘f’\'f."ﬂ ( —6}
y 1

M1

=-960x

Not +-960x

Al (first)

(+)6000x"

Al (Second)

(4)

Way 2

64(1+.......

...... )

64 and (1 = ... — Award when first seen.

B1

6Gx5

|

5x

Comrect structure for at least one of the
underlined terms. E.g. a term of the form:

(6
\p
consistently and k = £5

Condone sign errors. Condoned missing

brackets 1f later work umplies correct
structure but it must be an expansion of

(l—k‘l’]‘s where k= +3

]x(h}lpmmp-lm_p-l

—960x

Not +—960x

Al

(+)6000x°

Al

(4)




Q2

ooy Scheme Marks
(a) (1+ax)" =1+7ax... or 1+7(ax)... (Notunsimplified versions) B1
TX6x5

+ 1 i 5 (ax)? + &{ax}j Evidence from one of these terms 1s enough | pm3
+21a’x’ or + 21(ax)’ or +21(a’x?) Al
+35a°x° or +35(ax)’ or +35(a’x") Al

(4)
(b) 2la” =525 M1
a==5 (Both values are required) Al

(The answer a = 5 with no working scores M1 A0) (2)

6

(a) The terms can be ‘listed’ rather than added.

M1: Requires correct structure: a correct binonual coefficient in any
form (perhaps from Pascal’s triangle) with the correct power of x.
Allow missing a’s and wrong powers of a. e.g.

Tx6 4 Txbx5
ax” .,
2 3Ix2
2.2 i = s .
However, 21+a x" +35+a x~ or similar 1s MO.

1+ 7ax+21+a’x?+35+a’x? =57 +..... scores the Bl (isw).

3
X

7 T
[_.] and [3] or equivalent such as ' €, and  C; are acceptable.

7 7

but not {?] or [E] (unless subsequently corrected).

1" Al: Correct x° term. 2™ Al: Correct x° term (The binomial
coefficients must be simplified).

Special case:
If (ax)* and (ax)’ are seen within the working, but then lost. ..

... Al AO can be givenif 21ax’ and 35ax” are both achieved.

a’s omitted throughout:
Note that only the M mark 15 available in this case.

(b) M: Equating their coefficent of x’ to 525.
An equation ina ora’ alone is required for this M mark. but allow
‘recovery’ that shows the required coefficient. e.g.
2la’x? =525 = 2la’ =525 is acceptable.

but 21a’x* =525 = a” =25 is not acceptable.

After 2lax” in the answer for (a). allow ‘recovery’ of a” in (b) so that
full marks are available for (b) (but not retrospectively for (a)).




Q3

Question
s Scheme Marks
Q (a)|(7x..xx) or (21x..xx') The7or2lcanbein ‘unsimplified” form. M1
7 T, 46 5. 47 Lo
(2+kx) =2  +2" xTxhkx+2"x A k'x
=128 +448kv. +672k*x [or 672(kx)*] B1: A1, A1
(If 672kx* follows 672(kx)’, isw and allow A1) (4)
B | 6448k = 672k> M1
k=4 (Ignore k=0, if seen) Al (2)
[é]
(&) | The terms can be ‘listed’ rather than added. Ignore any extra terms.

(b)

M1 for either the x term or the x° 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 k) may be wrong or missing.

7 7 Ty = 5
Allow binomial coefficients such as [ ) ] [T ] [ ] G Gy

5

However, 448 + kx or sinular 15 MO.
Bl. Al Al for the simplified versions seen above.
Alternative:

Note that a factor 27 can be taken out first: ET(I+E] . but the mark scheme still applies.

Ignoring subsequent working (1sw):

Isw if necessary after correct working:

e.g. 128+ 448kx+672k'x’ M1 B1 Al Al
=4+ 14kc+ 21k’ 15w

(Full marks are still available in part (b)),

M1 for equating their coefficient of x"to 6 times that of x... to get an equation in k.
... or equating their coefficient of x to & times that of x°. to get an equation in k.
Allow this M mark even if the equation is trivial, providing their coefficients from part (a)
have been used. e.g. 6= 448k = 672k . but beware k = 4 following from this, which is AQ.

An equation in k alone is required for this M mark. so...
e.g. 6x448kx =672k*x" = k=4 orsimilar is MO A0 (equation in coefficients only is
never seen). but ...
e.g. 6x448kx = 672kx" = 6x 448k =672k = k=4 will get M1 Al
{as coefficients rather than terms have now been considered).

. ) . ;
The mistake 2[1 +T] would give a maximum of 3 marks: M1BOAOAO, M1A1

-




Q4

Q_r““ﬁm? Scheme Marks
Number
(2 + 3x)*- Mark (a) and (b) together
(a) 2+ 2°03x) + 6,27 (3x)7 +1¢, 2N B3x) + (3x)*
Furst term of 16 Bl
(%0 2 xx)+ (' x ) +{ G 2 x® J+( 10y 2. _x2*) M1
=(16+ ) 96x + 216" + 216x° + 81x* Must use Binomual — otherwise A0, Al Al
AD
)
(b) (2=3x)* =16 - 96x + 216x" - 216x° + 81x* Blft
(1)
S5
Alrernative i at 344
method (a) (2430 =5l 43
2'q+'qEd + ‘o @ +'o @+ @Y
Scheme is applied exactly as before
Notes for Question
(a) B1: The constant term should be 16 in their expansion
MI1: Two binonual coefficients must be correct and must be with the correct power of x. Accept
4 4
g or[ J or 4 as a coefficient, and ' C, m‘[ J or 6 as another........ Pascal’s tnangle may be
1 2
used to establish coefficients.
Al: Any two of the final four terms comect (1.e. two of 96x + 216x" + 216x” + 81x*) in expansion
following Binomial Method.
Al: All four of the final four terms correct i expansion. (Accept answers without + signs, can be
listed with comunas or appear on separate lines)
(b) Blft: Award for correct answer as printed above or ft their previous answer provided it has five

terms ft and must be subtracting the x and x° terms

Allow terms in (b) to be in descending order and allow +-96x and +-216x” in the series. (Accept

answers without + sipns, can be listed with commas or appear on separate lines)

e.g. The common error 2* +*C,2°3x + *C,2%3x +°C, 23" +3x* =(16) + 96x + 72x" + 24x° + 3%
would earn B1, M1, A0, AQ, and if followed by =(16)— 96x + 72x* —24x’ + 3x* gets BIft so

3/5

Fully correct answer with no working can score Bl in part (a) and Bl in part (b). The question stated use
the Binomial theorem and if there is no evidence of its use then M mark and hence A marks cannot be carned.

Squaring the bracket and squaring again may also eam B1 M0 A0 A0 B1 if correct
Omitting the final term but otherwise correct 1s B1 M1 Al A0 BOft so 3/5

If the series is divided through by 2 or a power of 2 at the final stage after an error or omission
resulfing in all even coefficients then apply scheme to senes before thus division and 1gnore subsequent

work (15w)




Q5

Question Scheme
Number P
L o B Y of .Y P8Vl iy
Wa}fl [ —EX] =2 +[1]- [—?IJ+[2J2 —El] o 3 2 —TX]
First term of 256 Bl
{ICJ x_,_xx}+[l(;'2x,__x r:}+(’cjx___x:l_‘3} M1
=(256)—512x+448x" — 224x° Al. Al
(4)
Total 4
P s - 2 f
g 8 8
Way 2 [2—%% =2’[1—%x] =2’[1+{1].[—%1J+[1][—%x] +[3](—ir}]
Scheme is applied exactly as before except in special case below™*

Notes for Question

B1: The first term should be 256 in their expansion
M1: Two binomial coefficients must be correct and must be with the correct power of x.

8 8
Accept 'C, or[ l ] or 8as a coefficient, and ‘C, ur[_’

l or 28 as another........ Pascal’s

triangle may be used to establish coefficients.

Al: Any two of the final three terms correct (but allow +- instead of -)

Al: All three of the final three terms correct and simplified. (Deduct last mark for +-512x and +
224x" in the series). Also deduct last mark for the three terms correct but unsimplified.
{Accept answers without + signs. can be listed with commas or appear on separate lines)

B
8 8 N 8
The conunoucrmr{l—lx] =256+[ ],2?[—lx]+[ ]26[—1—x']+[ ]l’[—lf]
2 1 2 5 2 3 2

would earn B1. M1, A0. A0
Ignore extra terms involving higher powers,

Condone terms in reverse order i.e. = -224x" + 448x” — 512x +(256)

*In Way 2 the error = 3[1 +[?][—%x]+[i]{—i1} +[§][—%x]l ] giving

7.3 T g ; ;
= 2—-1x+7.t‘ —I.‘rjls a special case B0, M1. Al. AO 1e 2/4




Calculators may not be used

Gold Questions g

The total mark for this section is 33

Q1

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

8
(1 3Xj
2

giving each term in its simplest form.

(Total for Question 1 is 4 marks)

Q2

10
(a) Find the first 4 terms of the expansion of (1 +§j in ascending powers of x, giving each

term in its simplest form.

“)

(b) Use your expansion to estimate the value of (1.005)!'°, giving your answer to 5 decimal
places.

3)
(Total for Question 2 is 7 marks)




Q3

(a) Find the first four terms, in ascending powers of x, in the binomial expansion of (1 + kx)®,
where £ is a non-zero constant.

(©))
Given that, in this expansion, the coefficients of x and x? are equal, find
(b) the value of £k,

(2)
(c) the coefficient of x° .

1)

(Total for Question 3 is 6 marks)

Q4

(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.

C))
f(x) = (1 + kx)(2 — 9x)*, where k is a constant
The expansion, in ascending powers of x, of f(xx) 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 4 is 9 marks)

@ Pearson



Q5

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

¥ 8
3
4
giving each term in its simplest form.

“)

(b) Use your expansion to estimate the value of (1.025)%, giving your answer to 4 decimal
places.

€))

(Total for Question 5 is 7 marks)

End of Questions



Gold Mark Scheme

Q1
Qu‘: o Scheme Marks
Number
£
2]
2
1+12x Both terms correct as printed (allow 12 Bl
=) but not 1*)
[@xn_fom(mxmxf ]01'
2! 3!
ey womfa), | (xowuloxx)
21\ 2 3 2 M1: For cither the x* term or the x* term. M
: Y o [3x¥ Requires correct binomial coefficient in
G (T] + G [ T] + . any form with the correct power of x. but
o the other part of the coefficient (perhaps
mcluding powers of 2 and/or 3 or signs)
may be wrong or missing,
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
3xY 8(N(3xY,. .
s3] 0 25 0+
2 7 s
! “C:l[j—x] + ’C{E} . P8
2 B -
2 Al: Either 63x" or 189x°
ot 6327 + 1892 + L ; -
Z ~ Al: Both 63x" and 189x° A
Terms mayv be listed but must be positive
[4]
Total 4
Note it 1s common not to square the 2 i the denomator of [if]aud this gives
1+12x +1262" +756x" . This could score BIM1AOAO.
2 3
Note .+ “Cz[l" +3?1] + ":':‘.?(1j +371] + _would score M0 unless a correct method
was implied by later work




Q2

Question Scheme Marks
Number
I:Ei:l “.]I:' 10'- & I.-'].l::l'-.I r y 2 "'.]_CI\""X “3
|1—l.'-( = | “l‘( +| ||£x| +| ;1.'(| M1 A1l
L2 1) 4L 2 M ) 3 M 2
5 - 4
=1 +5x:+ %I:DF 11.25x" + 15x7( coeffs need to be these, i.e, simplified)| A1; A1 (4)
[Allow A1AD, if totally correct with unsimplified, single fraction coefficients)
(b) | (1+4x0.01)""=1+5(0.01) + (? or11.25)(0.01) + 15(0.01)° M1 A1V
=1+ 0.05+0.001125 + 0.000015
=1.05114 cao A1 (3) [7]
Notes: (@) For M1 first A1: Consider underlined expression anly.

M1 Requires correct structure for at least two of the three terms:
(i} Must be attempt at binomial coefficients.

: 0 (10 o
[Be generous :allow all notations e.g. '°c,, even | E | allow “slips".]
oS

(i) Must have increasing powers of x|
(i) May be listed, need not be added; this applies for all marks.

First A1: Requires all three correct terms but need not be simplified, allow
1" etc, c, etc, and condone omission of brackets around powers of Y2y
Second Al: Consideras B1: 1+ 5x can score A1 on Epen, even after M0

(b) For M1: Subsfituting their (0.01) into their {a) result

[0.1,0.001, 0.25, 0.025,0.0025 acceptable but not 0.005 or 1.005]
First A1 (f1.); Substitution of (0.01) into their 4 termed expression in (a)
Answer with no working scores no marks (calculator gives this answer)




Q3

Question Scheme Marks
number
(a) 1+ 6kx [Allow unsimplified versions, e g 1° +6(1)kx. °C,+°Cjkx] | Bl
+ 6 i ) [:h':]: + 6: a i 4 [:R:x:]; [See below for acceptable versions] M1 Al (3
2 %2
NB. THIS NEED NOT BE SIMPLIFIED FOE. THE A1l (1sw 1s applied)
(b) 6k =15k k= % (or equuv. fraction, or 0.4)  (Ignore k=10, if seen) | M1 Alcso (2)
5
5x4(2% 32
(c) e= 6:; z 4 .\% ' = % {or equav. fraction, or 1.28) Alcso (1)
3 32 5
(Ignore x7, so SoX 18 fine)
6

(a) The terms can be ‘listed” rather than added.

M1: Requires correct structure: “binomial coefficients’ (perhaps from Pascal’s
triangle). increasing powers of x. Allow a “slip” or “slips’ such as:
6x3 4 6x3Ix4 6x3 6x5

+ b + o () +—= (kx)’
2 3x2 2 3x2
5=<4h_3_5><4><3hj_ _6><5I1_6xi><4x3
2 3x2 2 3x2

But: 15+k x> +20+k°x" or similar is M0.

Both x° and x” terms must be seen.

'5 f 6\. i
‘ 5 |and | 3 | or equivalent such as °C, and ®C, are acceptable, and
RS WA
‘6 (6
even | = |and_ 3 | are acceptable for the method mark.
\o v
Al Any correct (possibly unsimplified) version of these 2 terms.
(6) (6) . § &
‘ 5 |and | 3 | or equivalent such as “C, and “C, are acceptable.
=S WS

Descending powers of x:
Can score the M mark if the required first 4 tenms are not seen.

Multiplving out {1+ (1 + il + o) + i) + i1+ ) -
M1: A full attempt to multiply out (power G)
Bl and Al as on the main scheme.

(b) M: Equating the coefficients of x and x° (even if trivial. e.g. 6k = 15k).
Allow this mark also for the ‘misread’: equating the coefficients of x~ and x°
An equation in & alone 1s required for this M mark, although. .

_condone 6kx=15k"x" = (6k =15k> =) k=

| b




Q4.

Question
Nuomber

Scheme

(@) (2-9x)' = 2* +%C, 2 (—9x) + *C,2%(-9x)", (b) £(x)=
First term of 16 1m their final series
At least one 0f{4{f']><...xx} or (*Cyx..xx?)

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

16 — 144x + 324x7 — 144x + 12967 + 324x°

(16) — 288x+ 1944x7

- 24{1+4[—Ex]+ﬁ[— x
{2 2\ 2

(=]
P -
J
ha

= (16)—288x+ 1944x”

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

f(1+ kx)(2-9)"} = @+ ko)(16 - 288 + froaax*+ )

x terms: —288x + 16/ =—-232x

giving, 16k = 56 = k =;;

x terms: 1944x” — 288Ky’

So, B =1944- 288[% t; = 1944-1008 = 935

(1+kx)(2-9x)" = 4-232x+ B

=(16)—2BBr+ 10443  ceeeeeeeeestneenl SO D LS

] e
Attempts to multiply a 3 term
cuadratic by the same 3 term
guadratic to achieve either 2 terms in

... Firstterm of 16 in thi

__ xoratleast2termsin x’
At least one of —288x or + 1044y°

First term of 16 in final series
At least one of
[4x..x x} or (ﬂxxxz}
L 2
At least one of —288x% or + 194457
Both —288x and + 1944x°

_Follow through their value from ()

* May be seen in part (b) or (d)
and can be implied by work in

fra| o




Question  Notes

(a)
Ways 1
and 3

Way 1b

(®)

(®

(d)

El cao
M1

Note

Special
Case

Blft

M1

Note

Al

M1

Al
Note

16

Correct binomial coefficient azsociated with correct power of x i.e 1 T e x::l or I{ ‘e Lxx”
4(3) 4 4)
Theyma}rhaveilandﬁordaudToreven 1 laﬂd 5
= / et

as their coefficients. Allow missing

signs and brackets for the M marks.
At least one of —288x or + 1944x7 (allow +- 288x)

Both —288x and + 1944x” (May list terms separated by commas) Also 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 correct series when first seen. So (a) BIM1AITA1L It 1s likely that this approach
will be followed by (b) BO, (c) M1AD, (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 - Ox)(4 - 36x+ B1x")
= (2-9x)(8—108x+ 486x" + )

e Firstterm of 16 [ BY

=16 — 216x + 972x" — T2x + 072x" Multiplies out to give either
At least one of —288x or +1944%° | Al

Both —288x and +1044x° | A1

M1

= (16)— 288x + 1944x" +

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

Must identify 4 =16 or A =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+ k)16 — 288x+ 1944x" + ... are fine for M1.

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

(of coefficients) in x. ie. £t their —288x + 16kx N.B. —288kx = —232x with no evidence of
brackets is 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 + kx}[lﬁ— 288x+ 1944x" + : to give exactly two terms (or coefficients)

in x° and attempts to find B using 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 (¢) and (d) with no method shown may be awarded full credit.




Q5

Question Scheme Marks
number
. A+2F =1+2x+., ... Bl
8 ® ? Bx ?x 6 M1 Al
@+ Gr.
= Ix’+1Ix or = +1.75x" +0.875x° Al
(4)
(b) States or imphes that x = 0.1 B1
Substitutes their value of x (provided it 1s <1) into series obtained in (a) M1
1e.1+02+00175+ 0000875, = 12184 Al cao
(3)
T
Alternative | Starte again and expands (14 0.025)% to
fox.C4) 8x7 8x7x6
Special case | 1+ 8x0.025 +—({} 025)% + (U 025)}, =1.2184 B1M1 A1
(Or 1+1/5+ ?."400 + 7/8000 = 1.2184]
Notes (a) B1 must be simplified

The method mark (M1) 1s awarded for an attempt at Binomial to get the third and/or fourth term
—need correct binomial coefficient combined with comect power of x. Ignore bracket errors or

8 8
errors in powers of 4. Accept any notation for SCE and 8(:'3: eg [2] and (SJ {unsimplified) or
28 and 56 from Pascal’s triangle. (The terms may be listed without + signs)

First Al is for two completely correct unsimplified terms

Al needs the fully simplified 1x° and 1x°.

(b) B1 —states or uses x =0.1 or %:%

M1 for substituting their value of x ( 0 < x <1) into expansion
(e.g. 0.1 (correct) or 0.01, 0.00625 or even 0.025 but not 1 nor 1.025 which would earn M0)
Al Should be answer printed cao (not answers which round to) and should follow correct work.

Amnswer with no working at all 1s B0, M0, A0
States 0.1 then just writes down answer 1s B1 MOAO




Platinum Questions

Calculators may not be used

The total mark for this section is 15

In the binomial expansion of

the coefficients of x* and x> are equal and non-zero.

(a) Find the possible values of n.

C))

(b) State, giving a reason, which value of n gives a valid expansion when x =

N | =

@)

(Total for Question 1 is 6 marks)

In the binomial expansion of
(I-4)7, <7,

the coefficient of x2 is equal to the coefficient of x* and the coefficient of x° is positive.
q p

Find the value of p.

(Total for Question 2 is 9 marks)

End of Questions



Platinum Mark Scheme

Question Scheme Marks
L. (a) n(n—1)(12n 2_n(n—1)(n—2) 121’ M1
2! 5 3! 5
3x5=n(n—-2)x12 or 4n* -8n-5=0 (o0.e.) Al
2n+1)(2n-5)=0 dM1
n=-%,3 Al (4)
b
(®) n=-1in 2nx <1 gives |x|<% andn=3 in 12’”‘ gives |x|<% M1
So should choose n=—7 Al (2)
[6]
2. (1 —4xy =
M1

at least x> term

2!

e v_ D (—4x)* + 2o 13)'(17 2 (—4x)* + Plp=Dip=2)(p=3) (—4x)*...

41

Equation: 2

1= P-2D(p-3)x16
12

ie. 0=4p*-20p+21
1e. 0=2p-3)2p-17)

solving

e p=§0r
€. 5

SR

both

coefficient of x* >0 = p(p—1)(p—2)<0

examined

so p#0 andp=#1

piz 'p=3
2 2

pPp—Y) o PP-D@-2)0P-3)
2!

attempt | M1 (ignore

2

) X’s)
equation

cancel or factor p(p — 1) | M1

Al

MI

Al

x> coefficient
M1

Al
Al

(9 marks)

@ 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 AS and A Level Mathematics: Pure Mathematics Year 1/AS’ 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

Calculators may not be used

The total mark for this section is 25

Q1

Find the exact value of tan 30° % sin 60°
Give your answer in its simplest form.

(Total for Question 1 is 2 marks)

Q2
(a) Write down the exact value of tan 45°
1)
Here is a right-angled triangle.
60°
xcm
4cm
.
cos 60°=0.5
(b) Work out the value of x.
(2)

(Total for Question 2 is 3 marks)




Q3

In the triangle ABC, AB = lm, AC =V/3m, angle ABC = 60° and angle BCA= x°
Find the two possible values for x.
(Total for Question 3 is 4 marks)

Q4
Here is the graph of y=sinx® for —180<x <180

yll

=Y

—180 —90 0 90 180

On the grid, sketch the graph of y=sinx° -2 for —-180<x < 180

(Total for Question 4 is 2 marks)




Q5

2xcm

60°

A 3xcm B

Figure 1

Figure 1 shows a sketch of a triangle ABC with 4B = 3x cm, AC = 2x cm and
angle CAB = 60°

Given that the area of triangle ABC is 18+/3 cm?
(a) Show thatx = 2+/3
3)

(b) Hence find the exact length of BC, giving your answer as a simplified surd.

€))

(Total for Question 5 is 6 marks)

Qo6

In triangle RPQ,

RP=+3cm
PO=1cm
Angle PRQ = 30°

(a) Assuming that angle POR is an acute angle,
calculate the area of triangle RPQ.
Give your answer in exact form.

C))

(b) If you did not know that angle POR is an acute angle, what effect would this have on
your calculation of the area of triangle RPQ?

0y

(Total for Question 6 is 5 marks)

@ Pearson



Q7

The diagram shows an acute-angled triangle ABC.
A

B a

Prove that area of triangle ABC = %ab sinC

(Total for Question 7 is 3 marks)




Bronze Mark Scheme

Q1.
= Ml for : wﬁtmrﬁﬂﬁ11|r[=|4—"'|'§]|=-tﬁ
! B2 3 22 202
OR tani( = Lur: or sinfi = ﬁ
3 2
1
Al for = or 0.5
2
Q2.
] i Bl e
L N N [N DU RE JUuE B [ osyimacimonssonit e
sind0 _ sindd ol 4] is insulficiens
MY T T
Al a0
Q3.
Jusstion
Scheme Marks
Mumber
. . o
SIM Y _ st Al M1
1 3
. 1 = sina0"® 1
(sinx) = ——— [=T:| Al
K £
dnil Al
x=awr 30and 150 (4)
[4]
Q4.
18 Graph drawn C2 for graph translated by —2 in the y direction Key points: (-180, -2), (-90, -3), (0, -2),
(C1

for a graph translated in the y direction

OR for a correct graph through four of the five key points)

(90, -1), (180, -2)




Qs.

Question Scheme Marks | AOs
@) Uses 1843 = %xixxixx sin 60° M1 1.1a
| NG -
Sight of sin60°=—- and proceedsto " =K oe M1 1.1b
r=412=23* Al* | 21
3)
(®) Uses BC* = [6«5{ —[—I\EI_ —2 %643 x 43 xcos60° M1 1.1b
BC* =84 Al 1.1b
BC =2~/21 (cm) Al 1.1b
3
(6 marks)




Notes

(a)
M1: Attempts to use the formula 4 = %ab sinC .

If the candidate writes 183 = % % 5xxs1in 60° without sight of a previous correct line then

this would be MO
3

M1: Sight of sin60° = —-or awrt 0.866 and proceeds to «* =k oe such as Xt =q

This may be awarded from the correct formula or A =absinC
Al*: Look for ¥’ =12=x =23, ¥ =4x3= x=23or x=JE=2«f?-:
This 15 a given answer and all aspects must be correct including one of the above
intermediate lines. It cannot be scored by using decimal equivalents to 3

Alternative using the given answer of x= 23
M1: Attempts to use the formula 4= % % 4+f3 x 63 5in 60° oe

3

M1: Sight of sin60° = Ta.tu:l proceeds to A= 18\1'5

Al*: Concludes that x= 2q‘f§

(b)
M1: Attempts the cosine rule with the sides in the correct position.

This can be scored from BC* = ( 3_{]2 +(2x .']: —2x3xx2xxcos60° as long as there is some
attempt to substitute x in later. Condone slips on the squaring
Al: BC* =84 Accept BC? =7x12, BC=+f84 or BC = 2421
If they replace the surds with decimals they can score the A1 for BC* =awrt 84.0
Al: BC =221
Condone other variables, say x= 221, but it cannot be scored via decimals.




Q6.

P1  process to find area of tnangle PRO.
V3
Al >
(b) C1 angle PRQ 1s obtuse so need to find area of two
tnangles.
Q7.

Shown

M1

M1

C1

for use of sine to find height. e.g. sinC' = %

for use of expression for the height of the triangle,

e.g. area =% % base * height = %aﬁsinc

for complete proof




X

Silver Questions
Calculators may not be used g

The total mark for this section is 29

Q1

In the triangle ABC, AB = 5v6 cm, AC =4 cm, angle ABC = 45° and angle BCA= x°

Find the two possible values for x, giving your answers in exact form.

(Total for Question 1 is 4 marks)

Q2

Not to scale

Figure 1

Figure 1 shows the design for a structure used to support a roof.
The structure consists of four steel beams, 4B, BD, BC and AD.
Given AB =+2m, BC = BD = 1m and angle BAC = 30°
Find, the size of angle ACB.
(Total for Question 2 is 3 marks)




Q3

4 ¢m

6 cm
Figure 1
Figure 1 shows the triangle ABC, with AB=6 cm, BC=4 cm and C4 =5 cm.

(a) Show thatcos 4 =% .

©))

(b) Hence, or otherwise, find the exact value of sin 4.

@)

(Total for Question 3 is 5 marks)




Q4

L

Ple. d)

Figure 3
Figure 3 shows part of the curve with equation y = 3 cos x°.

The point P(c, d) is a minimum point on the curve with ¢ being the smallest negative value of
x at which
a minimum occurs.

(a) State the value of ¢ and the value of d.

1)
(b) State the coordinates of the point to which P is mapped by the transformation which
transforms the curve with equation y = 3 cos x° to the curve with equation
: x°
1 =3cos| —
@ y L 2 ]
(i1)) y=3cos (x —36)°
2

(Total for Question 4 is 3 marks)




Q5

The diagram shows three right-angled triangles.

Prove that y = %n

30°

30°

30°

(Total for Question 5 is 4 marks)




Q6

Mot to scale

A i0m B

Figure 1

A triangular lawn is modelled by the triangle ABC, shown in Figure 1. The length 4B is to be
30 m long.

Given that angle BAC = 75° and angle ABC = 60°,

(a) Calculate the length AC ?2)
Given that BC=15+15v3

(b) Calculate the area of the lawn in exact form.

2

(c) Why is your answer unlikely to be accurate to the nearest square metre?

0y

(Total for Question 6 is 5 marks)




Q7

The diagram shows the positions of three towns, Acton (4), Barston (B) and Chorlton (C).

Barston is 3 km from Acton on a bearing of 020°

Chorlton is ﬂkm from Barston on a bearing of 170°

Find the bearing of Chorlton from Acton.
You must show all your working.

(Total for Question 7 is 5 marks)




Silver Mark Scheme

QL.
?I‘:_‘:;“ Scheme Marks
sinx _ $in43 M1
5'."? 4
(bi'ﬂ.‘-‘&') — Jvh x:t':145 Al
dnl Al
x =60 and 120 (4)
[4]
Q2.
Question Scheme Marks | AOs
States #Jmﬁﬁc M1 1.1b
Finds 8 = awrt 45° or awrt 135° Al 1.1b
=awrn 135° Al 1.1b
(3)




Q3.

Question Scheme Marks
number
(@) 4 =5"+6" —(2x5x6cosh) M1
51, 21 42
cosd = ﬁ Al
2x3x6
457 3 .
=—|== Alcso 3
=0)=3 ) 3)
(b) sin” A —|I i 1 =1 (or equiv. Pythag. method) M1
|I sin® A= % | sin 4 = %*JT or equivalent exact form, e g. T‘é 043751 Al (2)
5
(a) M: Is also scored for 5° =47 +6° —(2x4x6c0s8)
or 6°=5"+4"—(2x3x4cosb)
or cgsﬂzm or cggﬂ:ﬂ
2x4x6 2x5x4d

17 A: Rearranged correctly and numerically correct (possibly unsimplified).
in the form cos & = ... or 60cos @ =45 (or equiv. in the form peosf=g).

Alternative (verification):

4 =546 - Zxﬁxﬁx%] [MI1]

Evaluate correctly, at least to 16 = 25+36—45 [Al]
Conclusion (perhaps as simple as a tick). [Alcso]
(Just achieving 16 = 16 1s msufficient without at least a tick).

(b) M: Using a correct method to find an equation in sin” .4 or sin.4 which
would give an exact value.
Correct answer without working (or with unclear working or decimals):
Sull scores both marks.




Q4.

Question Scheme Marks | AOs
(@) (-180°.-3) Bl L1b
(1)
®) | @) (-720°,-3) Biff | 22a
(i1) (-144°-3) Bift | 22a
(2)
(3 marks)

(a)

Bl: Deduces that P(-180°-3) or c=-180""),d =3

)@

Blft: Deduces that P'(—720° —3) Follow through on their (¢.d ) — (4c.d) where d is negative

(b)(a)

B1ft: Deduces that P'(—144° —3) Follow through on their (c.d ) = (c+36°.d ) where d is
negative

Qs.

Proof

Bl

M1

Al

Al

sin 30 =03, cos 30 = %GIL&EEU =

for hypotenuse of small tnangle = 2y
or hypotenuse of large triangle = 2n

for using any correct trig value for 30", e.g.

1
NE)

for method to find the hypotenuse of muddle triangle,
eg @ - (=n)

for a correct equation linking y and » and correct
working leading to the given result




Q6.

Question Scheme Marks | AOs
(a) Finds third angle of tnangle
and uses or states
x _ 30 Ml 2.1
san60°  snds
3050 60°
- (= 15¢%) Al 1.1b
(b) 1 :
Area= = 30 = (15 | 15+3) = sin60 M1 2.1
< T Alft | 1.1b
- ﬁTE + i.ﬁ:ﬁ-"ll:: m* (4)
(c) Plausible reason ¢.g. Because the angles and the side length are
not given to four sigmficant figures Bl 3.2b
Or e g The lawn may not be flat
(1)
(5 marks)




Q7.

80

P1

P1

Pl

Pl

Al

for using beanngs to determune ABC as30°

for using the cosine mle to find AC

oq (AC?=) 3 + (%3 _2%3 x%cns (30)

A=

(dep P1) for using the sine rule to find angle BAC
sin (30) _ sin (BAC)

| e

3 AV
2 2
for rearranging

: =
Ld LI 3‘;3—sin (BAC)

2

for angle BAC = 6()
for angle )3

Accept 67 written
on the diagram.

Accept correct
substitution into
FHS of equation
Accept AC in the
range 941 to 9 42

Accept any
equivalent form
with values
substitoied

If the comect
ANSWeT i given
without supportive
evidence award 0
marke

Condone missing
“0" at the front.

If an answer
within the range is
seefl in Working
and rounded
wncorrectly award
full marks.




Gold Questions

Calculators may not be used

The total mark for this section is 29
Q1

Figure 1

/
4m /5m
/

Figure 1 shows 3 yachts 4, B and C which are assumed to be in the same horizontal plane.
Yacht B is 4 m due north of yacht 4 and yacht C is 5 m from A. The bearing of C from 4 is
060°.

Calculate the distance between yacht B and yacht C, in exact form.

(Total for Question 1 is 3 marks)

Q2

In a triangle ABC, side AB has length 10 cm, side AC has length 5 cm, and angle BAC =60
where 6 is measured in degrees. The area of triangle ABC is 15cm?

(a) Find the two possible values of cos 6
C))
Given that BC is the longest side of the triangle,
(b) find the exact length of BC.
(2)
(Total for Question 2 is 6 marks)

@ Pearson



Q3

The diagram shows A ABC with AC=8x—3, BC=4x—-1, ZABC=120°and £ ACB = 15°.

A

+\,I'|E

(a) Show that the exact value of x is ?
(7

(b) Find the area of /A ABC, giving your answer in exact form

3)

(Total for Question 3 is 10 marks)

Q4

A buoy is a device which floats on the surface of the sea and moves up and down as waves
pass.

For a certain buoy, its height, above its position in still water, y in metres, is modelled by a

: : 1 . : o
sine function of the form y = > sin 1807°, where 7 is the time in seconds.

(a) Sketch a graph showing the height of the buoy above its still water level for 0 < ¢ < 10
showing the coordinates of points of intersection with the #-axis.

)

(b) Write down the number of times the buoy is 0.4 m above its still water position during
the first 10 seconds.

1)

(¢) Give one reason why this model might not be realistic.

1)

(Total for Question 4 is 5 marks)

@ Pearson



QS The diagram shows a hexagon ABCDEF.

B
|
|
|
|
|
|
4 | C
|
Pt N 1O
F D

ABEF and CBED are congruent parallelograms where AB = BC = x cm.
P is the point on AF and Q is the point on CD such that BP = BQ = 10 cm.

Given that angle ABC = 30°,

2-V3)

rove that cos PBO=1-
P 0 200

(Total for Question 5 is 5 marks)




Gold Mark Scheme

Q1.
Question Scheme Marks
Humber
Figure 1
N -’F
-|. ’fff/-/f
5 "__,_»"' l.-"
/
/
4m llll,lllllllll G m
w/
7{"'

BC*=42+52-2x4 x5 cos 60
BC =4dm

M1 Al

Al (1)
1]




Q2.

Question Scheme Marks AODs
1 .
@ | Uses 15=5x5x10xsin 6 M1 1.1b
: 3
smﬁ':g oe Al 1.1b
Uses cos- 8=1—sin" 8 M1 21
msH::% Al 1.1b
(4)
h 3 ¥ 3 4
(b) Uses BC- =10"+5 —Exlﬂxﬁx“—g“ M1 3.1a
BC = 1}'105 Al 1.1b
(2)
(6 marks)
Notes
(a)

1 : : :
M1: Uses the formula Area =—absmC 1n an attempt to find the value of siné or &

! 3 : : : !
Al: sinf = 5 08 This may be implied by & = awrt 36.9° or awrt 0.644 (radians)

M1: Uses their value of sin & to find two values of cos& This may be scored via the formula

cos @ =1—sin’ Gor by a triangle method. Also allow the use of a graphical calculator or
candidates may just write down the two values. The values must be symmetrical +k

4 :
Al: cosf@= if or + 0.8 Condone these values appearing from +0.79....

(b)

M1: Uses a suitable method of finding the longest side. For example chooses the negative value
(or the obtuse angle) and proceeds to find BC using the cosine rule. Alternatively works out BC
using both values and chooses the larger value. If stated the cosine rule should be correct (with a
minus sign). Note 1f the sign 15 +ve and the acute angle is chosen the correct value will be seen_ It
1s however M0 A0

Al: BC =+J205




Q3.

—— 24 =45 seen or implied in later working. Bl
3a
n120°  sin45° M1
Makes an attempt to use the sine rule, for example, writing sinl20 _ o 43
T 8x-3  4dx-1
States or implies that sip120° = ﬁ and sip4s’ .% Al
NOTE: Award ft marks for correct work following incorrect values for sin 120° and sin 45°
Makes an attempt to solve the equation for x. M1t
Possible steps could include:
G 61 3B
16x-6 8x-2 16x-6 4x-1 16x-6 8x-2
(8v3)x - 243 =(16v2)x - 642 or (46 )x -6 =16x -6 or 24x-6=(16y6)x - 66
642~ 23 = x(1652 - 8/3) or (43/6)x— 6 =16x 6 or 12x-3= (86 ) x- 36
x= 6v2 -23 o x= 66 o x= 363 0. Allt
16+/2 = 8+/3 16 - 4-/6 Qs—lz
Makes an attempt to rationalise the denominator by multiplying top and bottom by the conjugate. Mifx
Possible steps could include:
(3v2-3) (8v2+443) 4841246 -86-12 L_36+46
X= ® i = V="
{345_ _4“{5] [3J§+4le 12848 80
States the fully correct simplifed version for x. x= gtf * Al
NOTE: Award ft marks for correct work following incorrect values for sin 120° and sin 45° (7 marks)
—BJSmtes or implies that the formula for the area of a triangle is %nbsi.u(‘ or %acsmﬂ' or %bc- sin A M1
1, [9+-/6 946 ) M1
LT e
1 .
or = (sinl5 ).
. o1
Finds the correct area is ﬁ(24+ IIJE)[-JE—\E). Al
(3 marks)
Total
10 marks




o ANANANARAYS
Correct shape of sine curve through (0, 0). Bl
Sine curve has max value of % and min value of -% Bl
Sine curve has a period of 2 (can be implied by 5 complete cycles) and passes through (1,0), B1
(2,0),..., (10,0).
(3 marks)
4b | Student states that the buoy will be 0.4 m above the still water level 10 times. B1
‘ (1 mark)
4¢ | Sensible and correct reason. For example: B1
— 71 A buoy would not move up and down at exactly the same rate during each oscillation.
The period of oscillation is likely to change each oscillation.
The maximum (or minimum) height is likely to change with time.
Waves in the sea are not uniform.
Award the mark for a different explanation that is mathematically correct. For example, stating that (1 mark)
the buoy would not move exactly vertically each time.
total
5 marks

Q5.
=
i3
Proof Bl (idep) For xLali:n;: ik M= -l"_l'-
M1 | for POF = 10F + 10F = 2 = 10 = 10 = cos PEQor AC =" +1° = 2w x » 1 = ¢cos 30 (=c(2-+3) o
Ml for  cos PEQ % {mplies preveows M1)
o FEET A _ D % v K008
i:h\ll Iﬂ{ ) . i | forcos PBO L e % % 008 30)
W 4 W = x7(2 = 3) ) w0l
200
200 - (2 3)
) 200
Al conclusion of proof with all working seen
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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 AS and A Level Mathematics: Pure Mathematics Year 1/AS’ 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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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

Calculators may not be used

The total mark for this section is 26

Q1

(a) Show that the equation

can be written in the form

(b) Solve, for 0 =x < 360°,

5sinx=1+2 cos’x

2sin’x+5sinx—3=0

2

2sin’x+5sinx—3=0
4

(Total for Question 1 is 6 marks)

Q2

Show that the equation

can be written in the form

cos’x = 8sin’x — 6sin x

(3sinx—1)>=2

(Total for Question 2 is 3 marks)




Q3

(a) Show that

10sin’ @ —7cos@+2
3+2cosd

=4—-5cosd

4)
(b) Hence, or otherwise, solve, for 0 <x < 360°, the equation
. 2 _
10sin”“ x—7cosx+2 — 4+ Ssiny
3+2cosx
3

(Total for Question 3 is 7 marks)

Q4

Solve, for 0 <x <360°,

(a) sin(x—20")= %
“@
1
(b) cos3x= 5

(6)

(Total for Question 4 is 10 marks)

End of Questions



Bronze Mark Scheme

QL.
— scheme parks
(@) Ssinx=1+2(1-sin’ x) M1
2sin’ x4 5sinx—3=0 *) Alcso (2)
(b) (25-1)(s+3) =0 giving s = M1
[si.ux=-3 has no suhlﬁun] s0 5i.ux=-EL Al
B B1, Bift (4)
x=30, 150 6]
(a)

(b)

M1 for a correct method to change cos’ x into sin’ x (must use
cos' r=1-sin’x)

Al need 3 term quadratic printed in any order with =0 included

M1 for attempt to solve given quadratic (usual rules for solving quadratics)
(can use any vanable here, 5, ¥, x, or sinx )

Al requires no incorrect work seen and:isforsinx=-% or x = si.n_'-}
y=1% is A0 (unless followed by x = 30)

Bl for 30 (a ) not dependent on method

2™ B1 for 180 - a provided in required range (otherwise 540 - &)
Extra solutions outside required range: Ignore

Extra solutions inside required ranpge: Lose final B1

Answers in radians: Lose final B1

5.C. Merely wnites down two correct answers is MOAOB1B1
Or sinx =-1_,- o x=30, 150 is M1A1BI1B1

Just gives one answer : 30 only 1s MOAOB1BO or 150 only 1s MOAOBOB1

NB Commeon error is to factorise wrongly giving(2sinx+1)(sinx~3)=0

[sinx=3 gives no solution| sinx=-1 = x=210,330

3
This earns M1 A0 BO Blft

Another common error is to factorise correctly (2sin x —1)(sinx +3)=0 and follow this
with s'mx-%_ smx=3 then x=30"150"

Thas would be M1 A0 Bl Bl




Q2.

= o o
Way 1 Way 2
1-sin’ x = 8sin’ x=6sinx 2=(3?mx-1)::9\?s .9sin:x-6sinx+l=2 Bl
s0 sm” x+ Ssm” x—G6smx +1=2
Eg 9sin’x—6sinx=1 or
9sin’ x=6sinx =1=0 or so 8sin’x=6smx=1-smn’x Ml
9sin’ x—6sinx +1=2
So 9sn’x—6smx +1=2or
(3sm)': D _22=0 8sin’ x—6sinx =cos’ x * Alcso®
so (3smnx=1)"=2 or
2=(3sinx =1)**
3
3
Notes
Way1l

Bl: Uses cos’ x=1-sin® x

M1: Collects sin” x terms to form a three term quadratic or into a suitable completed square format.

May be sign slips i the collection of terms.

Al*: cso This needs an intermedaate step from 3 term quadratic and no errors m answer and printed
answer stated but allow 2= (3sinx —1)2 . If s 15 used throughout instead of sinx 1t 1s AO.

Way2

B1: Needs correct expansion and split

M1: Collects 1—sin’ x together

Al*: Conclusion and no errors seen




Q3.

Question Scheme Marks AOs
(a) 10sin2 6—?{;036+2=10{1_ms- 6’:}—7(:05642 M 11b
3+2cosf B 3+2cosf
_ 12—7cosf—10cos’ @ Al 1.1b
B 3+2cosé
E(3+2cos 6){4—5(&036) Mi 11b
3+2cosf
=4-5co0s6 * Al* 2.1
“4)
(b) S o
4+ 5S5sinx=4-5cosx=tanx =-1 M1 2.1
: o o 1.1b
x=1357 215 Al Al L1b
3)
(7 marks)
Q4.
%3?:;:: Scheme Marks
@ |45 (@ Bl
180 —ex, Add 20 (for at least one angle) M1 M1
65 155 Al (&)
@) | 120 or 240 (B): Bl
wp0—4, 360+ 0 M1 M1
Dividing by 3 (for at least one angle) M1
40 80 160 200 280 320 Al Al (6)
(10 marks)




X

Silver Questions

Calculators may not be used

The total mark for this section is 34

Q1
(1) Solve, for —180° < 8 < 180°,
(1+tanO)(2sin@—~/3) =0

4
(i) Solve, for 0 <x <360°,
2sin x = +/2tan x.
(6)

(Total for Question 1 is 10 marks)

Q2

(a) Show that the equation
tan 2x = 2 sin 2x
can be written in the form
(1 —=2cos2x)sin2x=0
(2)

(b) Hence solve, for 0 <x < 180°,

tan 2x = 2 sin 2x

You must show clearly how you obtained your answers.

©))

(Total for Question 2 is 7 marks)




Q3

(a) Show that the equation
8 sin’0 — 2 cos?0 =3

can be written as

10 sin’0 = 5.
2
(b) Hence solve, for 0° < 0 < 360°, the equation
8 sin’f — 2 cos?f = 3,
(7)

(Total for Question 3 is 10 marks)

Q4

(a) Show that the equation

sind tand = cosf + 1

can be written in the form
2cos?0+cosf—1=0

3)
(b) Hence solve, for 0 < < 360°,

sind tand = cosf + 1

showing each stage of your working.

©))

(Total for Question 4 is 8 marks)

End of Questions



Silver Mark Scheme

Q1.
Question
Number Scheme Marks
Q ()| tanf=-1= 8=-45, 135 B1, Bift
sinf=" = 6=60,120 B1, Bift (4)
: vZsmnx
(if) 2smx = e M1
251 XCOS X =+2 sinx = sinx(2cosx—yz)=0 M1
x=0, 180 seen B1, B1
x=45,135 B1, B1ft (6)
[10]
Q2.
Question Scheme Marks
[number
(a) States or uses mzx:slnz.r Ml
oS 2x
sin2x
=2sin2x > sin2x-2sin2xc0s 2x=0=> sin 2x(1 -2cos 2x) =0 * Al
0s2x
2)
(b) sin 2y =0 gives 2y =0, 180,360 sox=0,90, 180 | Bl for two correct answers, |Bl, Bl
second B1 for all three
correct. Excess in range -
| lose last Bl
cos2x== gives2r=60 or 2vr=300
2 Ml
x=30,150 Al Al
(5)
7 marks




Q3.

Question

Scheme Marks
Number
(@) | 8sin28@ - 2cos2 @ =3
here |8sin2@ - 2(1- sinz@)=3 (M1: Use of sin’ @ + cos’ 6=1) M1
8sin2d - 2+2sin2@ =3
10sin2 @ =5 cso AG Al (2)
b P 1 R 1
(b) sin"@ =—, sosing =(1) — M1
2 y 2
Attempt to solve both siné = +.. and siné = - ..(may be implied by later work) | M1
g= 45° (dependent on first M1 only) Al
@ (=180°- 45° ); =135° M1; A1+
[f.t. dependent on first M and 3rd M]
sin & =— l
V2
' M1AT (7)
6=225° and 315°
(9]
Q4.
Question Scheme Marks
Number
@ sma[ "“‘9]= cosd+1
cos@ M1
1-cos’ @
{ —p ]z cosf +1 M1
1-cos’@= cos’@+ cosé =>0=2co5'8+ cosé-1 R8s
(3)
(b) (cos6 + 1)(2cos8 —1) = 0
M1
cos@ = —1 cos@ =
One solution 1s 60° or 300°, Two solutions are 60° and 300° Al, Al
8=1{ 60,180,300 | M1 Al
(5)




Gold Questions

Calculators may not be used

The total mark for this section is 32
Q1

(1) Solve, for 0 < 6 < 360°, the equation
90sin(6 + 60°) = 45

You must show each step of your working.

“)

(i1) Solve, for —180 < x <180, the equation
tan x — vV2sinx =0

(©))

(Total for Question 1 is 9 marks)

Q2

(i) Solve, for 0 <6 < 180°, the equation
sin30—~/3cos36 =0

(©))
(i1) Given that
4sin* x+cosx=4—-k, 0, k, 33 3¢
3
(a) Find cos x in terms of £.
3)

(Total for Question 2 is 6 marks)




Q3

Solve, for 0 <x < 180°,
1

cos(3x—10°) =
V2

You should show each step in your working.

)

(Total for Question 3 is 7 marks)

Q4

(1) Find the solutions of the equation sin(3x — 15°) = — , for which 0 =x= 180°

!
2

(6)
(i)

Figure 4

Figure 4 shows part of the curve with equation
y=sin(ax — b), wherea>0, 0<h <180
The curve cuts the x-axis at the points P, O and R as shown.

Given that the coordinates of P, Q and R are (11, 0), (108, 0) and 198, 0) respectively, find
the values of a and b.

C))

(Total for Question 4 is 10 marks)

End of Questions
Gold Mark Scheme

@ Pearson



Q1.

%ms:im St Mark
(1) 90sin(G+ 60 ) =45 : 0< 8 <360
(u) tanx — /2smx=0; —180 < x <180
(i) : s A . 1
sm(6 +60°) =—. so (6+60) = 30° Sighlofsm"(—}
2 2
M1
(= 30°)
0 + 60" = either "180 — their a" or
"360 + their &" and not for 8 = cither
So. 8+ 60 ={150. 390} "180 — their @"or "360 + their @” This | M1
can be implied by later working. The
canchdate s & could also be in radians but
do not allow nmuxing of degrees and radians.
Al: At least one of
and € = {90,330} awrt 90 or awrt 330 Al Al
Al:Both 30. and 330
Both answers are cso and must come from corvect work
Ignore extra solutions outside the range.
In an otherwise fully correct solution deduct the final Alfor any extra solutions in range
[4]
s [ sinx]_u,z smx=0 Applies tanx = o M1
COSX cosX
Note: Applies tanx = 02 canbe umplied by tanx -,z smnx =0=>tanx( 1 -2 cosx)
COs X
sinx — V2sinxcosx = 0
anx(l=3e0sx)=0
1 1
cosx =" coLx =\-i4 Al
ik Al One of euher 45, or - 45,
. { - - %5; g
a=cos kand -15k<1
In this part of the solutien, if there are any exira answers in raoge in an othermise
carrect solution withhold the AIfE.
Both x = 0 and - 150
sinx=0 =} x=0 and =180 s _ Bl
: E Im this part of the solerion, 1gners sxtra
_ | solutions in ramge.
Note solutions are: x ={ - |80 =15 0, 4§ |
IPE!E e oolvtsons cotods the rampe
For all answeis m defrees i () M1ALADAIRBO is pessible
Allew whie weeof @ in place of 2im (i)
] [51
Taial &
Q2.



e Scheme Marks
Way 1: Divides by cos3&to give Or Way 1. Squares both sides, uses
@ tan38 =47 so cos’ 36 +sin” 36 =1, obtains -
Ga=60° mi&-t%wn’uiﬂ-:% so (38) =60°
Adds 180 or 360 to previous value of angle M1
So #=20,80,140 (all three. no extra in range) Al (3
(mNa) | 4(1-cos’ x)+cosx=4-k Applies sin’ ¥ = 1-cos*x | Ml
Attempts to solve 4cos’ x—cosx—k = 0, to give cosx = M1
cosyLEVIFIOE 1, ‘:1 4= on aiher comest eqivalent Al (3)
8 g Y4 4
6
Qs.
Smetee Scheme Marks
-1 -
s () =45 (a) Bl
#%10 Uses their a to find x.
Ix-l0=a=x= 3 thx_atlﬂnﬂ%im M1
55 Al
= T
(3x-10=)360-a 360 -a M1
g m 325 Al
3
(3x-10=)360+a 360+a M1
y= 112 Al
3




Q4.

Question Scheme Marks
number
(i) :in{3.t—15}:1} so 3x—-15=30 (@) and x=15 M1 Al
MNeed 3x—15=180-a or 3x-15=540-« M1
Need 3x-15=180-a and 3x-15=360+a and 3x-15=540-a M1
x=550r175 Al
x= 55,135,175 Al
(6)
(ii) At least one of (18a—b) = 0 M1
(10Ba=b)= 120
or (198a-b)= 360
If two of above equations used eliminates a or b to find one or both of these
or uses penod property of curve to find a M1
or uses other valid method to find either a or b
Obtams a=2 Al
Obtains b=36 Al
)




Platinum Questions

Calculators may not be used &%

The total mark for this section is 17

B
S5cm 5cm
A g Q C
3cm 3cm
E 7cm D
Figure 4

Figure 4 shows a shape S(6) made up of five line segments AB, BC, CD, DE and EA.
The lengths of the sides are AB=BC=5cm, CD=FEA =3 cm and DE =7 cm.
Angle BAE = angle BCD = 6 radians.

The length of each line segment always remains the same but the value of 6 can be varied so

that different symmetrical shapes can be formed, with the added restriction that none of the
line segments cross.

(a) Sketch S(180"), labelling the vertices clearly.

(2)
The shape S(¢) is a trapezium.
(b) Sketch S(¢) and calculate the value of ¢.

3)

The smallest possible value for  is a, where o > 0, and the largest possible value for 6 is S,
where > 180°.

(2

(c) Show that a = arccos L‘l?)] [arccos(x) is an alternative notation for cos™!(x)]

C))



(@)

Find an expression for the value of S.

)
The area, in cm?, of shape S(0) is R(0).
(e) Show that for a < 0 < 190°
R(0)=15sin 6 + %\/87—1200089
4)

(Total for Question 1 is 17 marks)




Platinum Mark Scheme

Question Scheme Marks Notes
7. (a) | Triangle EBD 8 M1 Needn’t be isos D
EB = DB or labelling to show sen/ \gn | Al Correct labelling
1s0s . »
Fem
(2)
(b) | Isos trapezium (ACDE) 5 _ | Bl Sketch — with at
15 . \ 1 7‘; least 1 side
COS¢_T > SO ¢=60 ; M1, M1 for correct
* Al expression
3)
(©) 25+9-3.5" [29 Bl Shape (o.¢.)
cosa = T x5x3 = [4—0} (0.e.) B1 2 or more side
5 Ml lengths
3 Correct use of cos
3.5 rule
So a =arccos(Z) (*) Alcso | In (¢), (d) B1B1
) can be implied by
M1
@ cos(ﬂ—1800)=E [=0.1] Bl ghape (O'G').d
5 Bl or more side
B =180"+ arccos (%) 5115 M1 Corrept expression
3 3 (can ignore — p)
or  270°—tarccos (%) ) Al
“4)
() | BE* =5% +3* —2x5x3xcos@ =[34—-30cos 6] M1 Attempt BE or BD
[/ = height from B to ED] so
B2 = BE* 352 :[87_1200059} Ml Attempt h
Arca = 158in0+1x7x S22t = 5in 0+ 2+/87—-120c0s 6 MILAL gfelagor correct
(*) Al cso
“4)
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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 AS and A Level Mathematics: Pure Mathematics Year 1/AS’ 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
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Bronze Questions

Calculators may not be used

The total mark for this section is 27

1

— 3 — (-1
AB = and BC =
(3 maze-(3)

AB is shown on the grid

(a) On the grid, draw BC.

1)
AD = AB—-BC
(b) On the grid, mark with a cross ( X ) the position of D.
Label this point D.
(2)

(Total for Question 1 is 3 marks)

@ Pearson




Q2

D

OA=a OB=b
D is the point such that AC=CD
The point N divides 4B in the ratio 2:1

(a) Write an expression for ON in terms of a and b.

©))

(b) Prove that OND is a straight line.
3)

(Total for Question 2 is 6 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 [4B].

Give your answer as a simplified surd.

2)

(Total for Question 2 is 4 marks)




Q4

A particle P is moving with constant velocity (—3i + 2j) m s~ . Attime =6 s P is at the point
with position vector (—4i — 7j) m. Find the distance of P from the origin at time 1 =2 s.

(Total for Question 4 is 5 marks)

Q5

[In this question, the unit vectors i and j are due east and due north respectively. Position
vectors are relative to a fixed origin O.]

A boat P is moving with constant velocity (—4i + 8j) km h™..
(a) Calculate the speed of P, giving your answer as a simplified surd.
2

When ¢ = 0, the boat P has position vector (2i — 8j) km. At time ¢ hours, the position vector of
Pispkm.

(b) Write down p in terms of .
(1)

A second boat Q is also moving with constant velocity. At time ¢ hours, the position vector of
Q is q km, where

q=18i+ 12j — ¢ (6i + 8j)

Find
(c) the value of t when P is due west of O,

3)
(d) the distance between P and Q when P is due west of Q.

3)

(Total for Question 5 is 9 marks)

End of Questions



Bronze Mark Scheme

Q1

(a) Jector Bl for correct vector
drawn
(b) N Ml for method to find the vector
— [(3--1 4 |
e AD = = or for drawn on the gnd
2-4 -2 -4
Al for ft for correct position (%) D on their diagram

___._,.-'—r
..--"""-F.f

e




Q2

(@ |AB=-a+b 1.+2p 3 M1 for correct vector equation involving ON | eg.

ON =0A+2aB 1 3 ON =04+ AN , may be written, partially or fully, in terms of
3 — —
» amﬂb.s.g.{ﬂﬁ=h+3.w

ON = n+;{—a+b} 3
1 zb lemshmﬂngm&mquﬂes?ﬁ:%fﬁmﬁ:%ﬂ
=—g -
'.’rl 3 i 2
OR. Al §=+5bm
W:ﬁ%ﬁ
ﬁ'=h+}{—b+:}
=1H+Eb
3 3

(b) | OD=04+AC+CD Proof 3 M1 for a correct vector statement for OD or ND in terms of a
=a+b+h P
-g+3b mn,e_g,iﬁn‘uwwueum=%[-h+a]+n+hue
] 1.2 T~
GD=3(E""EH} Al for correct and fully sumplified vectors for ON (may be
T mmin{a}}lndﬁr5ﬁ{=n12h}mﬁﬁj{=%a+%b}

C1 (dep on A1) for statement that 0D or ND is a multiple
ufﬁh’ﬁcmnnmpuiuﬂ




Q3.

Question Scheme Marks AQs
@ Attempts AB=0B—0A or similar Ml L1b
AB =—9i +3j Al 1.1b

@)
(b) Finds length using 'Pythagoras' |AB|=[(=9) +(3)" M1 | L1b
|4B| =310 Alft 1.1b

@)

(4 marks)
Naotes
(a)

M1: Attempts subtraction either way around.
This may be implied by one correct component 4B =19i 1 3j
There must be some attempt to write m vector form.

Al: cao (allow column vector notation but not the coordinate)

-9 91
Correct notation should be used. Accept —91+3; or ( 3 ] but not [ 3i J
2 J

(b)

M1: Correct use of Pythagoras theorem or modulus formula using their answer to (a)

Note that ‘AB| = .f 9)" +(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| =30 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-/T0 would be M1 A0

Note that, in cases where there is no working, the correct answer implies MIAI in each part of
this question




Q4.

Question
M Scheme Marks
(Hi-7j)=r+4(-3i+2j) M1 AT
r=(8i-15j) Al
Ir|= /8% +(-15)* =17 m M1 AT ft
[5]
Qs.
Question
Number Scheme Marks
(a) N [(—4}2 +8? ] =80 (kmh™) acceptexact equivalentsor 8.9 or better | M1 Al
)
(b) p=(2i—8j)+¢(—4i+8j) B1
(D
(c) Equating j components
—8+8=12-8¢ M1 Al
r:E oe Al
4
3
(d)
Using their ¢+ from (c) to find the i-cpts of p and q and subtract them M1
1 1
105—{—3}=13; (km) Alft Al
3
9




X

Silver Questions

Calculators may not be used

The total mark for this section is 25

Q1
A B
a
>
o C C
OABC is a parallelogram.
Od=a OC=c

X is the midpoint of the line AC.
OCD is a straight line so that OC : CD =k : 1

Given that XD =3¢ —%a

find the value of k.
(Total for Question 1 is 4 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 4B .
2

(b) Find|A—1ﬂ . Give your answer as a simplified surd.

@)

(Total for Question 2 is 4 marks)

@ Pearson



Q3

Three forces, (15i +j) N, (5¢gi — pj) N and (—3pi — ¢j) N, where p and g are constants, act on
a particle. Given that the particle is in equilibrium, find the value of p and the value of ¢.

(Total for Question 3 is 6 marks)

Q4

[In this question, the horizontal unit vectors i and j are directed due east and due north
respectively.]

1

The velocity, vim s, of a particle P at time ¢ seconds is given by

v=(1-20i+ 3t 3)

(a) Find the speed of P when =0

3)
(b) Find the bearing on which P is moving when ¢ =2
(2)
(c) Find the value of # when P is moving
(1) parallel to j,
(i1) parallel to (— i — 3j).
(6)

(Total for Question 4 is 11 marks)

End of Questions



Silver Mark Scheme

Ql.
Question Working Answer | Mark Notes
for first step to solve the probleme.g. AC=—a+cor
P1 .
2 ox = % a-+ % ¢ or demonstrates the location of D and
3
X on the diagram
P1 for a correct vector statement using CD eg CD = CX
+XD or €D = 0D ~0C or 0D = -cor CD =25¢
oe
for a correct equation of ratio using k eg equating XD =
P1
3(:—13 =1 (—a+c]+lc
2 k
OD k+1 1 : :
—_— = k=— t1
or c_ F or 33 or using a ratio approach eg (
oc:cp)=k:1=1:25
Al cao
Q2
Question Scheme Marks AOs
@ Attempts AB=0B—0A or similar M1 1.1b
AB=5i+10j Al 1.1b
(2)
(b) Finds length using 'Pythagoras' AB| = ./(5}‘ +(10)° M1 1.1b
|4B| =53 Alft | L1b
(2)
(4 marks)

Notes

(a) M1I: Attempts subtraction but may omit brackets
Al: cao (allow column vector notation)
(b) M1: Correct use of Pythagoras theorem or modulus formula using their answer to (a)

Alft: |AB| =55 ft from their answer to (a)

Note that the correct answer implies M1AI in each part of this question




Q3.

Question Scheme Marks
Number
(15i+j) + (5qi—pj) + (3pi—gj) =0 Ml
Ip—-5g=15 iill
plg=1
M1 A1 Al

p=25 g=-15

Notes

First M1 for equating the sum of the three forces to zero (can be implied by subsequent
working)

Second M1 for equating the sum of the i components to zero AND the sum of the j
components to zero oe to produce TWO equations, each one being in p and g ONLY.
First Al for TWO correct equations (in any form)

N.B. It is possible to obtain TWO equations by using A(3p — 5¢ — 15) = gfp + ¢ — 1)with
TWO different pairs of values for 4and z¢. with one pair not a multiple of the other

eg A=l, y=1 AND A=1, p=2.

Third M1(independent) for attempt (either by substitution or elimination) to produce an
equation in either p ONLY or g ONLY.

Second Al for p =25 (any equivalent form, fractions do not need to be in lowest terms)
Third Al for g=-1.5 (any equivalent form, fractions do not need to be in lowest terms)




Q4.

q“esﬁon Scheme Marks
Number
(a) t=0 gives v=i-3j B1
speed = 417 + (=3)° M1
=10 = 3.2 or better Al
(3)
(b) t=2 gives v=(-3i+3j) Ml
Bearing 15 315° Al
@)
{(e)(i) 1-2t=0=1¢=0.5 M1 Al
(ii) —(3r-3)=-3(1-21) M1 Al
Solving for ¢ DM1
t=2/3, 0.67 or better Al
©)
[11]
Notes for Question
B1 for i - 3j.
Q (a) M1 for V (sum of squares of cpt.s)
A1 for V10. 3.2 or better|
Qm M1 for clear attempt to sub = 2 into given expression.
(b) Al for 315,
(i) First M1 for 1 —2r=0.
First Al fort=0.5.
N.B. If they offer two solutions, by equating both the i and j
components to zero, give MO,
: 1-2t -1 e
Q (¢) (ii) First M1 for = = t{—Ti) o.¢. (Must be an equation in ¢

only)
First Al for a correct equation (the + sign)
Second M1, dependent on first M1, for solving for r.
Second Al for 2/3. 0.67 or better.




Gold Questions

Calculators may not be used A

The total mark for this section is 29

Q1

M

OAB is a triangle.
OPM and APN are straight lines.
M is the midpoint of 4B.

(_)Zza 5§:b
OP:PM=3:2
Work out the ratio ON : NB

N

(Total for Question 1 is 5 marks)




Q2

[In this question,iandjare horizontal unit vectors due east and due north respectively and
position vectors are given with respect to a fixed origin.]

A ship sets sail at 9 am from a port P and moves with constant velocity. The position vector
of P is (4i — 8j) km. At 9.30 am the ship is at the point with position vector (i — 4j) km.

(a) Find the speed of the ship in km h™".

(C))

(b) Show that the position vector r km of the ship, ¢ hours after 9 am, is given by
r=(4—61)i+ (8¢ — 8)j.

2
At 10 am, a passenger on the ship observes that a lighthouse L is due west of the ship. At
10.30 am, the passenger observes that L is now south-west of the ship.
(c) Find the position vector of L.

)

(Total for Question 2 is 11 marks)




Q3

[In this question 1 and j are horizontal unit vectors due east and due north respectively.]
A hiker H is walking with constant velocity (1.2i —0.9j) m s".

(a) Find the speed of H.
2

100m

0 A

Figure 3

A horizontal field OABC is rectangular with OA4 due east and OC due north, as shown in
Figure 3. At twelve noon hiker H is at the point ¥ with position vector 100 j m, relative to the
fixed origin O.

(b) Write down the position vector of H at time ¢ seconds after noon.

@)

At noon, another hiker K is at the point with position vector (9i + 46j) m. Hiker K is moving

with constant velocity (0.75i + 1.8j) m s\,

(c) Show that, at time ¢ seconds after noon,
HK =[(9 - 0.45¢) i+ (2.7t — 54) j]metres.
C))
Hence,

(d) show that the two hikers meet and find the position vector of the point where they meet.
(6))

(Total for Question 3 is 13 marks)




Gold Mark Scheme

Q1

P1

P1

P1

Al

P1
P1

P1
P1
Al

starts process eg E=b—an-e

for process to find OM=a+ % “{b—a)"oe (=%{a+ b))

for process to find AP=_a+ % “(%a+ %b}"n-e

or (indep) for AN =—a+ kb

process to find “%” using AN =—a+ “k"b as a multiple of AP
cao

ALTERNATIVE

for producing OM to C such that AC 1s parallel to OB

for process to show that MC' = OM, using congruent triangles
ACM and BOM

for process to find PC as a multiple of OMY5 (= TOM/5)

for process to find ON as a multiple of AC(OB) (= 30B/7) using
stmilar triangles ACP and NOP

cao

Formal
geometric
Teasoning
relating to
congruent
and simmlar
triangles 1s
not required




Q2

Question Scheme Marks
Number
(a) (i -4}}‘;;41 - Ej}:{tﬁi + §)) M1 Al
y(£6)" +(+8)" =10 MIAl (4)
- = (4i - 8) + t(-6i + §j) M1
(b) =(4i - 8j) —6d + 84
=d—06r)i +(8r—8)j * Al (@)
At 10 am. r=-—2i M1 Al
(c) At 1030 am. r = -5i+ 4j Al
1=H. k<=2 DMI1
k=-5-4=-9
1=-9i Al (3
11




Q3

Question
Number Scheme Marks
(@) Iv|=41.22 4 (=097 =1.5 m & MIAT  (2)
{h" {I'H =}lﬂﬂj+f{l.:i-ﬂgjj m M1 Al {2]
(c) (rp =)9i+46j+1(0.75i+1.8j) m M1 A1
HK = rp — 1ty =(9-0451)i+(2.71—-54)j m Printed Answer M1 AT (4)
(d)
Meet when HK =10
(9—0451)=0 and (2.7r—54) =0 M1 Al
; Al
r= 20 from both equations
K =1ty = (24i+82j) m DM1 A1 cso
i5)
[13]




Platinum Questions g

Calculators may not be used

The total mark for this section is 16

Points 4 and B have position vectors a and b, respectively, relative to an origin O, and
are such that O4B 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 40B.

(a) Prove that the vector ba — 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)
(¢) 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=0A: 0B
®
(+S2)

(Total for Question 1 is 16 marks)




Platinum Mark Scheme

Question Scheme Marks MNotes
5 (a)
{5+ for good diagram
shetched)
C
g Extends 0.4 and OB
Let / and ( be points such that OF = ba and 00 =ab . M1 'E;:T:n;;f unit vestars
Then |UPI =bla|=ba =ab=alb|= |UQ| hence QP is isosceles. Al Deduce imsceles or
Hence the angle bisector from @ is perpendicular to PQ. equivalent.
M1 Use 1sosceles to
But Q.F" =0P- C-'Q = ba —ab and hence as C is on the angle :fr:fzg':cﬁndmdu
bisector, so ba—ab is perpendicular to c. Al | conclusion.
(4)
b)) [ oD =04+ 448 =d=a+ i(b a) Ml Sets up appropriate
equation, either form.
Al Correctly shown
=d=(l-A)a+Ab (5+) (Reasoning for 4 )
(0=4A=1 since [7is between A and B)
(2)
ol — -1 - . M1 Makes deduction
(© () = fe and from (a) ¢ = K = ;((JF+ (J:EF} hence) that d is a multiple
. — . - of p+q
0D =k'(OP+00)
RTIreT: M —(1_ ; M1 Equates their d to d
Hence d = k'(OP+0Q)=(1-2)a+ b .
So k‘{.’:ra+|:.rh} =(1-A)a+ib M1 Forms equation in
a and b
Therefore (since a and b are not parallel) &'b=1—A4 and k'a=A Extracts
Fi A a M1 simultaneous
==b=l-A=Ad= b equations and
“ at Al solves for L.

{5+ for non-parallel
reasoning)




Question Scheme Marks MNotes
AD=(1-A)a+ib—a=A(b-a)= AD=i|b—a| Correct work to
L establish ratio (may
BD=(l-Aja+ib-b=(1-A)a-b)= BD = {1—..-'_]|IJ— u| just be quoted)

iD i Give MO if division
S0 —=—— M1 of vectors is used.
BD 1-4
~ %+h a_ 04 dM1 Substitutes in for i
b/ b OB Al Gi
+b £ siven result
‘ established
(8)
52 52 mark: Award 32 for a clear and concise solution that is i2)
EITHER
= fully correct with no majorly incorrect vector notation
used
OR
- that scores 12+ and includes at least 2 S+ points but
may have some poor notation and be slightly laboured
Award 81 for
= aclear solution that scores 10+ marks with at least one
5+ point.
Notes

(a) 5+ for a clearly labelled diagram drawn showing at least a, b and ¢

{b) for the explanation of why 0 <4 < |

{c) 8+ for reason given for being able to equate coefficients, e.g. vectors cannot be parallel since
AR is a riangle.

5+ for any innovative ways used throughout the question.

| Total 14 + 2 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 AS and A Level Mathematics: Pure Mathematics Year 1/AS’ 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
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Bronze Questions

Calculators may not be used

The total mark for this section is 28

Q1

The curve C has equation

y=2x*-12x+16

Find the gradient of the curve at the point P (5, 6).

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

(Total for Question 1 is 4 marks)

Q2
. 4 x dy
Given that y =x" +x* +3, find o

(Total for Question 2 is 3 marks)

Q3

A curve has equation

y=2x—4x+5

Find the equation of the tangent to the curve at the point P(2, 13).
Write your answer in the form y = mx + ¢, where m and ¢ are integers to be found.

Solutions relying on calculator technology are not acceptable.

(Total for Question 3 is 5 marks)




Q4

Prove, from first principles, that the derivative of x* is 3x

(Total for Question 4 is 4 marks)

Q5

y=5x —6x3 +2x-3
o dy L C
(a) Find ™ giving each term in its simplest form.
C))
2

(b) Find jx—f

(2)
(Total for Question 5 is 6 marks)

Q6
Using calculus, find the coordinates of the stationary point on the curve with equation
8
y=2x+3+—, x>0
X

(6)
(Total for Question 6 is 6 marks)

End of Questions



Contents

Bronze Mark Scheme

Ql.
Question Scheme Marks AOs
Attempt to differentiate M1 1.1a
d
D _ax-12 Al 1.1b
dx
i dy
Substitutes x=5 = —=__ M1 1.1b
dx
dy
=—=8 Alft 1.1b
dx
(4 marks)
Notes
M1 : Dafferentiation implied by one correct term
Al : Correct differentiation
M1 : Attempts to substitute x = 5 into their derived function
Alft: Substitutes x = 5 into their derived function correctly 1.e. Correct calculation of their £'(5)
so follow through ships in differentiation




Contents

Q2.
Question
number Scheme Marks
)

okt oor x}i —:-h_’; or 3—>0 (k a non-zero constant) 3

[% =] 4 ... . with 3" differentiated to zero (or "vamishing”) Al

(E —] - —x_% or equrvalent, e g = 1 or = Al

& 3 Tl kS
[3]

17 Al requires 4x?, and 3 differentiated to zero.

Having ‘+C" loses the 17 A mark.

Terms not added, but otherwise correct, e.g. 4x°, %x_% loses the 2°! A mark




Contents

Q3.
Question Scheme Marks AOs
Attempts to differentiate x" — ™ seen once M1 1.1b
_1’:2.3;3—4x+52>%=5x3—4 Al 1.1b
For substituting x = 2 into thewr % —6x —4 dM1 1.1b
For a correct method of finding a tangent at P(2.13).
"y ddM1 1.1b
Score for y—13="20"(x-2)
y=20x-27 Al 1.1b
()
(5 marks)

Notes

MI1: Attempts to differentiate x" — x" seen once. Score for ¥ —x or +4x —4or 45— 0

Al: [ i—'} = l 6x —4 which may be unsimplified 6x —4+C is AD

dM1: Substifutes x = 2into their —— . The first M must have been awarded.

dy

dx
dy

Score for sight of embedded values, or sight of "——at x =2 15" or a correct follow through.

Note that 20 on ifs own 1s not enough as this can be done on a calculator.

dx

ddM1: For a correct method of finding a tangent at P(2.13) Score for y—13="20"(x-2)
It 1s dependent upon both previous M's.

If the form y =mx+¢ 1s used they must proceed as faras c¢= ...

Al: Completely correct y=20x-27 (and m this form)



Contents

Q4.

Question Scheme Marks | AOs
Considers % B1 21
Expands (x+h)’ =x +3Ch+3x0" + I M1 | LIb
so gradient (of chord) = 3xh+ 3;?] L) =3x" +3xh+h Al 1.1b
States as h —0, 3x* +3xh+h® —3x% so derivative =3x  * Al# 2.5

(4 marks)
B1: Gives the correct fraction for the gradient of the chord either (et by —x° or (et J;f -
It may also be awarded for % oe. It may be seen 1n an expanded form

It does not have to be linked to the gradient of the chord

M1: Attempts to expand (x+ hf’ or (x+ 51‘)3 Look for two correct terms, most likely 3(3 + ..+ h3
This 1s independent of the B1
Al: Achieves gradient (of chord) is 3x” +3xh+h" or exact un simplified equivalent such as

3x” +2xh+xh+h" . Again_ there is no requirement to state that this expression is the gradient of

the chord
Al*: CSO. Requres correct algebra and makmg a link between the gradient of the chord and the
gradient of the curve. See below how the link can be made. The words "gradient of the chord" do

not need to be mentioned but derivative, £'(x), % ' should be. Condone invisible brackets for

the expansion of (x+h _]3 as long as 1t 1s only seen at the side as intermediate working.
Requires either

_— (x+h]3—x3
* f{l)u:uI—-aT

¢ Gradient of chord =3x" +3xh+h* As h— 0 Gradient of chord tends to the gradient of
curve so derivative is 3x”
e f'(x) = 3x +3xh+h =3x
Limh—0

= 3x1 +3xh+ h] = 31‘2

e Gradient of chord = 3x +3xh+h when 7 —0 gradient of curve = 3
¢« Do not allow 7 =0 alone without limit being considered somewhere:

so don’t accept h=0=f"(x)= 3x +3xx0+0 =3x

G+ By —(x—h)

Alternative: B1: Considers - M1: As above Al: =3x + i’

6x°h* +21° 2

@ Pearson
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QSs.
Cuestion
o Scheme Marks
4
y=35x —6x +2x-3
dy o4
= -6 = |x* +2 M1
@ {dx 5@ 6| 5
= lﬁxI—Ex%.—l Al Al Al
]
r L
) {% =} 301'—%::: 3 M1 Al
2
]
Notes
4
@ M1:  for an attempt to differentiate x" — x"”" to one of the first three terms of y = 3x° — 6x7 + 2x - 3.
a 4 1
So seeing either 5x° — +Ax” or — 6x* = + ux® or 2x — 2 is ML
1" Al: for 15x° only.
1
2" Al: for — 8x% or -8 3fx onmly.
3™ AL: for +2 (+¢ inchided in part (a) loses this mark). Note: 2x"is A0 unless simplified to 2.
(b) dy

MIl: For differentiating e again fo give either

a correct follow throngh differenfiation of their x* term
1 4

or for tax® >+ fx 3.

Al: for any correct expression on the same line (accept no-simplified coefficients).

L]

=4
&

b
For powers: 30x*" —%x:‘ ' is AD, but writing powers as one term eg: {151:21'}—;1 iz ok for Al.
5 1 I -2
Note: Candidates leaving thewr answers as {% =}15f —?13 +2 and [:I': =] 30.‘:—%1 ? are

awarded M1A1AOA] in part (a) and M1A] in part (b).
1
Be careful: 30x - %x * wnll be AD.

2
Note: For an extra term appearing i part (b) on the same line, ie 3{}1—%:: 3 42 is MIAD
1 2
Note: If a candidate writes i part (a) 15x% — 8x7 + 2 + ¢ and m part (b) 30.'&:—;1' R o -

then award (2) M1A1A1AO (b) M1A1




Contents

Qeé.
Q'uesﬂun Scheme Marks
Number
dy =
=2 -2-16x M1 Al
dr
2-16x"=0 sox = or X =, or2-16x"=0sox=2 M1
x =2 only (after correct denvative) Al
_'|r=l>-<"l'"+.3+"_"2_r M1
=0 Al
(6)
Total 6

Notes for Question

1" M1: At least one term differentiated ( not integrated) correctly. so
8

x—= 2 or—=— ~16x7.0r 30
=

. . 16
Al: This answer or equivalente.g. 2——

2™ M1: Sets % to 0, and solves to givex’ = value or x™ = value
(or states x =2 with no working following correctly stated 2 - 163~ = 0)
Al:x=2c¢so (ifx=-2 1s ncluded this 1s AQ here)

3" M1: Attempts to substitutes their positive x (found from attempt to differentiate) into

y=2x+3+ S L x>0
o
Or may be imphied by y = 9 or correct follow through from their positive x

Al: 9 cao (Does not need to be written as coordinates) (ignore the extra (-2.1) here)
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Silver Questions

Calculators may not be used

The total mark for this section is 34

Q1

The curve C has equation

y=2x—8\/x+5,x20

(a) Find %, giving each term in its simplest form.

(&)
The point P on C has x-coordinate equal to %
(b) Find the equation of the tangent to C at the point P, giving your answer in the form
y=ax + b, where a and b are constants.
C))

(Total for Question 1 is 7 marks)

Q2
The curve C has equation y =6 —3x—i3, x#0
X

(a) Use calculus to show that the curve has a turning point P when x = \2

C))
(b) Find the x-coordinate of the other turning point Q on the curve.
1)
2
(¢) Find jx—f.
1)

(d) Hence or otherwise, state with justification, the nature of each of these turning points P
and Q.

3)
(Total for Question 2 is 9 marks)

@ Pearson
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Q3

Prove, from first principles, that the derivative of 3x? is 6x

(Total for Question 3 is 4 marks)

Q4

Vi

Figure 3
A sketch of part of the curve C with equation
y=20—4x—-"%, x>0
is shown in Figure 3.
Point 4 lies on C and has an x coordinate equal to 2

Show that the equation of the normal to Cat 4 is y=—2x+7

;-’.“

(Total for Question 4 is 6 marks)
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Q5

The volume ¥ cm?® of a box, of height x cm, is given by

V=4x(5— x)z,

.. dV
Find —.
(a) Fin ™

(b) Hence find the maximum volume of the box.

0<x<5

“)

C))

(Total for Question 5 is 8 marks)
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Silver Mark Scheme
Ql.
Question
il Scheme Marks
l‘.":y=.~.x—3»’?+5. x=0

(a) So, y=2x—8x" +5
i=z-4x—5-|-{cn';- (x >0) M1 Al Al
dx

[3]
® | (When x=%,y=2(3)-8J(3)+5  so) y=4 Bl
; dy 4
(gradient= —— =) 2 — {=-6} M1
o 6
Either : y —"3"="-6"(x—4) e i
“‘;3-'“=“_6"|:'}}+f = o= 3m dmM1
S0 y=—6x+3 Al
[4]
7 Marks
Notes _

(a) M1: Evidence of differentiation, so x" —» x" at leastonce so x' — 1 or x° or FL not just 5 —» 0
Al: Anvy two of the three terms correct — do not need to see zero — the 5 disappearing 15 sufficient; need not
be simplified.

Al: 2 — 4x " Both terms correct. and simplified. Do not need to include domam x > 0

(b B1: Obtaining y = 3/2 or fractional or decimal equivalent (no working need be seen)

M1: An attempt to substitute © = 4 into% to establish gradient This may be implied by =6 or m = -6 but
not y = - 6. Can earn this M mark i1f they go on to use m = 2 or use their numerical value of :1—1'

dM1: This depends on previous method mark. Complete method for obtamming the equation of the tangent,
using thew tangent gradient and theiwr value for v, (obtaned from v = %% allow ship)i1e.

¥ — ¥, =y (x — L) with thew tangent pradient and their v,

oruses y=mx+c with (4, their y, ) and their tangent gradient.

Special Cases: In (b) Finds normal could get B1 M1 MO AO ie. max of 2/4
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Q2.
Q_l'm“mn Scheme Marks
Number
4
y=b-3x——
xi
MI: x* = x""
d-_'lr' bl : 5 g P
(a) E——3+1—'m—3+1-.‘1 (x'=>xorx” =>x" ori=0) M1 Al
Al: Correct derivative
i 12 ¥"' =0 and attempt to solve for x
E=ﬂ=¢-—3+—:-ﬂ=&l ..or | May be implied by
x 3 3 2
dy | & di:—3+l—::l]:>1—::3:}x:_..nr Ml
E s & e dx x x
2 Substitutes x = /2 into their y'
So x*=4and x=v2or Correct completion to answer with no
dy 12 errors by solving their ¥v' =0 or
2 3 —oar-3+12(v2) =0 g ' s
dx (.,‘E ] substituting x = vG wnto therr ¥
(4
(b) e ol Awrt -1.41 Bl
(1)
© d’y s —48 et saed Follow through their first derivative B1ft
& x : from part (a)
(1)
An appreciation that either
(d) 3" = 0 = a minimum Bl
or y" < 0 = a maximum
Maximumat Pas ¥ <0 Cso Bl
Need a fully correct solution for this mark. "' need not be evaluated but must be
correct and there must be reference to P or to -\E and negative or < 0 and maxinmm.
There must be no incorrect or contradictory statements (NB allow v' = awrt-8 or -9)
Mimmumat Qas y" >0 Cso Bl
Need a fully correct solution for this mark. ¥ need not be evaluated but must be
correct and part (b) must be correct and there must be reference to P or to —-.E
and positive or > 0 and munumum. There must be no incorrect or contradictory
statements (NB allow y"' = awrt 8 or 9)
l 3
[2]
Other methods for identifying the nature of the mrning points are acceptable. The first B1 15
for findmng values of v or dy/dy either side of JE or their x at Q and the second and third
B1's for fully correct solutions to dentfy the maximum/minimum.
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Q3.
Question Scheme Marks | AOs
Considers s h;: —3x° B1 2.1
Expands 3(x+h)* =3x" +6xh+3h’ M1 1.1b
S0 gadient=¥=ﬁx+3h or M%W=ﬁx—35x Al 1.1b
States as h — 0, gradient — 6x so in the limit ilerh'ath'e =6x* Al* 2.5
(4 marks)

B1: gives correct fraction as in the scheme above or

Notes
Hx+6x) —3x
8x

M1: Expands the bracket as above or 3(x+ 5x) =3x" +6x8x + 3{5.‘(:}':'
Al: Substitutes correctly into earlier fraction and sumplifies

A1%*: Completes the proof, as above ( may use Jdx —»0), considers the limit and states a

conclusion with no errors
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Q4.
Question
— Scheme Marks
(a) Substitutes x = 2 mto y=2ﬂ—4>¢3—% and gets 3 Bl
dyv 18
—=—4+— MI1 Al
dx .
! dv (1) ; .
Substitute x=2= d._ g = then finds negative reciprocal (-2) dM1
x A2,
Method 1 Method 2
States or uses y-3=-2(x-2) or Or: Check that (2. 3) lies on the
. : : . - dM1
y=-2x + ¢ with their (2, 3) line y=-2x+7
Deduce equation of normal as it
to deduce that y=—2x+7 * has the same gradient and Al*

passes through a common point

(6)
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Qs.
Question
Number Scheme Marks
(@) | F=dx5-1)P° = 4x(25-10x+ x*)
. tax+ B +yx®, where a, B, 7y=0 | M1
So, ¥ =100x — 40¢° + 44 i G
V=100x - 40x° + 45" | Al
v Al least two of thew expanded terms M1
— =100 —80% + 12x° differentiated correctly.
dx 100 - 80x + 125° | A1 cao
(4)
1 . d¥
(b) | 100 =80x +12x* =0 Sets their ey from part (a) =0 | M1
{= 4(3x° - 200+ 25) = 0 = 4(3x - 5)x - 5) =0}
g
{Astl{.tﬁi}.t:'—} x:%ur x =awrt 1.67 | Al
.2 Substitute candidate’s value of x
=5 _ af5y(¢ _ 5\’
= F_"E;][s ) where 0 <x <35 intoa fornmla for ¥ di1
) » 2 .,
o, V= il =T4—=T4074., Either L of 74— or awrt 74.1 | Al
Xt 2! ATy 27
4)
Notes

(a)

1" M1 for a three term cubic in the form + ax + gx £ 12°.

Note that an un-combined + ax + Ax* + yx’ + y*, @, Ay, ¥ =0 is fine for the 1% M1.

1* Al for either 100x — 400" + 4x* or 100x - 20%° - 201" + 41 .

2 M1 for any two of their expanded terms differentiated correctly. NB: If expanded
expression is divided by a constant, then the 2* M1 can be awarded for at least two terms are

Cotrect.

Note for un-combined +4x* £ ux’, £24x + 2gv counts as one term differentiated correctly.

7 A1 for 100 - 80x + 12", cao.

Note: See appendix for those candidates who apply the product rule of differentiation.




Contents

Gold Questions

Calculators may not be used

The total mark for this section is 33

Q1

The curve C has equation y=12y/(x)-x2—-10, x>0

(a) Use calculus to find the coordinates of the turning point on C.

2

(b) Find ic—f

(c) State the nature of the turning point.

(M

@)

0y

(Total for Question 1 is 10 marks)

Q2

The curve C has equation

y:9—4x—§, x>0
x

The point P on C has x-coordinate equal to 2.

(a) Show that the equation of the tangent to C at the point Pisy =1 — 2x.

(b) Find an equation of the normal to C at the point P.

(6

©))

(Total for Question 2 is 9 marks)




Contents
Q3

y=x>—k«x, where k is a constant.
(a) Find d—y
dx

2

(b) Given that y is decreasing at x = 4, find the set of possible values of k.
2
(Total for Question 3 is 4 marks)

Q4

2xym >

{1

Figure 4

Figure 4 shows the plan view of the design for a swimming pool.

The shape of this pool ABCDEA consists of a rectangular section ABDE joined to a
semicircular section BCD as shown in Figure 4.

Given that AE = 2x metres, ED = y metres and the area of the pool is 250 m?,

(a) show that the perimeter, P metres, of the pool is given by

Py 20 AE
X 2
“4)
. 500
(b) Explain why 0 <x < \/:
/4
(2)
(¢) Find the minimum perimeter of the pool, giving your answer in exact form.
“4)

(Total for Question 4 is 10 marks)

@ Pearson
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Gold Mark Scheme
Q1.
Question
Misnbier Scheme Marks
(a) 103
y=12x2—x2-10
4 31 M1 A1
[}" =] fx 2 —=x2
2
1
Puts their il-ixj=l] M
3 2
x
x 12 ;
S0 x= ,?=4 (If x = 0 appears also as solotion then lose Al) M1, Al
i
x=4, = y=12x2-4'-10, soy=6 dmi,Al
(7)
(b) J-__h‘%_%x‘% MIAT  (2)
(c) | [Since x =0] Tt is a maximum ci ITI:';';
@) [ 1*m1 for an attempt to differentiate a fractional powerx” — x™
Al aef-can be unsimplified

(b)

(c)

2™ M1 for formung a suitable equation using thew y'=0

3 M1 for correct processing of fractional powers leading to x = .. (Can be implied by x = 4)

Al 1s for x =4 only. If x = 0 also seen and not discarded they lose this mark only.

A5 M1 for substituting their value of x back into ¥ to find y value. Dependent on three previous M
marks. Must see evidence of the substitution with attempt at fractional powers to give M1AQ,
but y = 6 can mmply M1A1

M1 for differentiating their y' again
Al should be simplified

Bl . Clear conclusion needed and must follow comrect ¥" It 15 dependent on previous A mark
{Do not need to have found x earlier),

(Treat parts (a).(b) and (c) together for award of marks)
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Q2.
Question
Number ehveme Ml
a
@) [%=]-4+3:‘2 (4 or 8x~% for M1___ sign can be wrong) M1A1
x=1= m=—4+2=-2 M1
8 The first 4 marks could be eamed in part (b)
p=0— 3—5 ot B1
Equation of tangent 1s: y+3==-2(x-2)—= y=1-2x (*) M1 Alcso
(6)
- |
(b) | Gradient of normal = 3 Bift
.. y+3 1 ; 1
Equation is: =— or better equavalent. e g. y=—x—4 Mi1a1
x=2 2 2
(3)
[ 9]
(a) | 1M1 for4 or 8x2 (ignore the signs).
1" Al for both terms correct (including signs).
2™ M1 for substituting x = 2 into thewr 'jl_h.}’ (must be different from their y)
Bl for yp =—3, but not if clearly found from the given equation of the tangent.
3" M1 for attempt to find the equation of tangent at P, follow through their m and yp.
Apply general pninciples for straight hine equations (see end of scheme).
NO DIFFERENTIATION ATTEMPTED: Just assuming m = =2 at this stage 1s M0
2“'i Alcso for comect work leading to printed answer (allow equavalents with 2x, v, and 1 terms. ..
suchas 2x+ y=1=0).
(b) | Bift  for correct use of the perpendicular gradient mule. Follow through their m, but if m = <2
there must be clear evidence that the m 15 thought to be the gradient of the tangent.
M1 for an attempt to find normal at P using their changed gradient and their yp.
Apply general principles for straight line equations (see end of scheme).
Al for any correct form as specified above (correct answer only).
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Q3.
mtl:]:: Scheme Marks
o [ A lh‘; Havi +C.is AD
(a E =| 2x -E ( ving an extra term. e.g. +C. 1s ) M1 AT
(2)

(b) Substituting x = 4 nto their % and ‘compare with zero’ (The mark 1s M1
allowedfor: <,>, =, =, 2)
8 —% <0 k=32 (or3l2<k) Correctinequality needed Al

(2)

1
X

(a)M: x* 5> ex or kvx = ex (e constant. ¢ # 0)

(b) Substitution of x = 4 mto y scores M0, However. % 15 sometunes

called y. and in this case the M mark can be given.

5..

— =0 may be ‘maplied’ for M1. when. for example. a value of k or an

&

mnequality solution for k is found.

Working must be seen to justify marks in (b). 1.e. k> 32 alone 1s M0 A0.
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Q4.
Question Scheme Marks AOs
(a) 3
Sets 2xy + 7~ =250 Bl 21
25075
: 2 . _ M1 1.1b
Obtam V= —— and substitute into P
X
Use P=2x+2y+ mxwith their y substituted M1 21
250 3 250 mx
Poax+=-IF yax—ox+ 22w Al* | L1b
X 2x X 2
&2
(h) 3
LS H;l X’ M1 24
A £
x >0 and y > 0 (distance) = — >0 or 250 il Doe.
2x .
. » 500
As x and y are distances they are positive so 0 < x < * Al* 3.2a
T
2
(c) - 5 . : . . dP A 2
Differentiates P with negative index correct in =t X —=x M1 34
dP 250
T, B Al 1.1b
dx xr 2
dP _
Sets - 0 and proceeds to X = M1 1.1b
=
Substitutes their X nto P=2x+ o, B to give
‘ T e g Al | 11b
500
penimeter = (4+ 1) P )
(10 marks)

Notes
(a) Bl : Correct area equation
M1 : Rearranges their area equation to make y the subject of the formula and attempt to use with an
expression for P
M1 : Use cormrect equation for perimeter with their y substituted
Al*: Completely correct solution to obtain and state printed answer
i(b) M1 : States x = 0 and v = 0 and uses their expression from (a) to form inequality
Al*: Explains that x and y are positive because they are distances, and uses correct expression for y to
give the printed answer correctly.
(c) M1: Attempt to differentiate P (deals with negative power of x cormrectly)
A1l : Correct differentiation
M1 : Sets denived function equal to zero and obtains x =

500 ])

Al: The value of x may not be seen (it 1s [
4+

500
Need tosee (4 + 1) [—_1 s ] with units included for the penimeter.
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Platinum Questions

Calculators may not be used

The total mark for this section is 17

=Y

Figure 2
Figure 2 shows a sketch of the parabola with equationy y = %x(lo -x),0<x<10

This question concerns rectangles that lie under the parabola in the first quadrant. The
bottom edge of each rectangle lies along the x-axis and the top left vertex lies on the
parabola. Some examples are shown in Figure 2.

Let the x coordinate of the top left vertex be a.

(a) Explain why the width, w, of such a rectangle must satisty w < 10 — 2a

(b) Find the value of a that gives the maximum area for such a rectangle.

Given that the rectangle must be a square,

(c) find the value of a that gives the maximum area for such a square.

Given that the area of the rectangles is fixed as 36

(d) find the range of possible values for a

(€))

S))

€))

(6)
(+S1)

(Total for Question 7 is 17 marks)

@ Pearson
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Platinum Mark Scheme

1(a) The rectangle must lie under the parabola, so maximum width will occur
when the top right vertex also lies on the parabola. Ie recognises the M1 1
symmetry and forms an equation. Allow a suitable sketch as evidence.
By symmetry about the line x =3, this occurs at (10 -a,+a(10- a)) , hence Al 5
width satisfies w, 10—a—a=10—2a* Must be convincing reason.
(2)
(b) | Maximum area must occur for a full width rectangle, ie when w=10-2a B1 2
Thus max area occurs for 4 = %a(lo —a)x(10-2a) M1 3
d4 1 1 5 5
Attempts o 5(10—2a)><(10—2a)+5(10a —a )><—2(= 3a” —30a +50)
dAa M1 | 3
and sets - 0 and attempts to find a
a
75 5 Any correct
=3(a=5)—3x25+50=0=>a =5+ | = =5+ |method tosolvethe | M1 | 3
3 3 quadratic.
(But need 0 <a <35 to give a valid rectangle and as area is zero at either end 4
of this interval so)
53 L
max area occurs when a =5 e (oe simplified) Al 2
)
(© | Max square area needs 10—2a = la(lO —a)=>a=... Sets up correct M1 3
2 equation.
20—4a=10a—a* = a* —14a+20 = (a—7) —49+20=0 | Solves the
quadratic, any | dM1 | 3
=a=7+29 valid means.
(S
Butneed 0 <a <5 (and J29<7 yso a=7-+/29 | Selects correct root. arx | 3
3
(d) ) o 36 72
If area is 36, then width is given by w=- = > (oe)
sa(10—a) 10a-a
Therefore need solutions to 0 >» 10—2a OR need solutions to B1 1
a—a
1 a-+ 72 || 10—| a+ 72 =1 |» la(lO—a) or other valid inequality
2 10a—a 10a—a 2

@ Pearson
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inasetup e.g. 10a—a’\...10b—b> = (b—a)(b+a) +10(a—b)...0
=10—(a+b)...0 (as a#b) followed by substitution of b =a + 0 2 5
a—a
This mark is for a correct reasoning of the required inequality, If no reason is
given and equation is it is B0, but all other marks are possible.
Forms a suitable cubic using the maximum width and height (may be M1 3
equation or inequation.
— 2 —154% +50a-36 .0 Co.rrect cqbic achieved as equation Al 3
or inequation.
Identifies (a—1) as factor (factor theorem) and attempts to factorise
5 M1 3
= (a—1)(a’ —14a+36)...0
@’ —14a+36=(a-7) -49+36 = CVsarea=1,7+~/13 | Finds CVs Ml | 3
(positive cubic with roots 1<7—+/13 (<35)<7+ J13 (as 3< J13<4 )) (S+)
2
So possible values of a are 1,, a, \7 13 Al
(6)
S1 mark: Award S1 for a clear and concise solution that is
S1 - fully correct with no S- point or @ 2
- that scores 13+ and includes an S+ point and no S-.
(16 + 1 marks)
Notes:

(b) S+ for explaining clearly why the root outside 0 < a <3 is rejected.

(¢) S+ for justifying the root lies in acceptable domain for a.

(¢) S- for a cumbersome strategy. S+ for justification of roots/which are in valid domain.
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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 AS and A Level Mathematics: Pure Mathematics Year 1/AS’ 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

Calculators may not be used

The total mark for this section is 30

Q1

Find J.(12x5 —8x” +3)dx, giving each term in its simplest form.

(Total for Question 1 is 4 marks)

Q2
Find

1
j(lzxs —3x% +4x%) dx

giving each term in its simplest form.

(Total for Question 2 is 5 marks)

Q3
Find
I (6x* + 2. 5)dx
xZ

giving each term in its simplest form.

(Total for Question 3 is 4 marks)

Q4

A curve with equation y = f(x) passes through the point (2, 10). Given that
f'(x) =3x>=3x+5
find the value of f(1).
(Total for Question 4 is S marks)

@ Pearson



Q5

2

Use calculus to find the exact value of jlz[3x2 +5 +ijdx
X

(Total for Question 5 is 5 marks)

Qo6

'b.l

nJ

Uy

%

Figure 1

Figure 1 shows a sketch of part of the curve C with equation
y=@+Dx—-5)

The curve crosses the x-axis at the points 4 and B.

(a) Write down the x-coordinates of 4 and B.

0y

The finite region R, shown shaded in Figure 1, is bounded by C and the x-axis.
(b) Use integration to find the area of R.

()

(Total for Question 7 is 7 marks)




Bronze Mark Scheme

Q1.
Question
Hibar Scheme Marks
M1
[I =]!'ExIS —£x4 +3x+¢
G 4 A1ATA1
=2x%—2x* +3x+c¢
[4]

M1 for an attempt to integrate x" — x"*!

(ie. ax® or ax* or ax, where ais any non-zero constant).

Also, this M mark can be scored for just the + ¢ (seen at some stage), even if no other
terms are correct.

1* Al for 2x°

2™ Al for —2x*
Al fordx+e {or 3x+ k. etc., any appropmnate letter can be used as the constant)
1

Allow 3x! + ¢, but not %h:_
Note that the A marks can be awarded at separate stages, e.g.

Exﬁ —2x* +3x scores 22 A1

Exﬁ —2x* +3x+¢c scores Al

2x% —2x% +3x scores 1% Al (even though the ¢ has now been lost).
Remember that all the A marks are dependent on the M mark.

If applicable, isw (ignore subsequent worling) after a correct answer is seen.

Ignore wrong notation if the intention is clear, e.g. Answer j?xs —2x* +3x+cdx.




Q2.

Question
3 3 %
[J-z]le _3i,+4x (+c) M1AT,A1,A1
6 3 131
6__3 3
= 2x"—x"+3x¥+¢ Al
5
Notes
+1 [ 3 3 4
M1 for some attempt to integrate: x” —> X" 1€ @x orf ax or ax or ax ,whereais
a non zero constant
12x5
1" Al for % or better
od 3
27 Al for ——— or better
3
34 Al for 4% or better
3
4® A1  for each term correct and simplified and the +¢ occurnng in the final answer
Q3.
Question
Num Scheme Marks
1
{j(ﬁxz+£,+5]:i—r} = BE A i M1 Al
X 3 -1
=2 -2 ;+5x+¢c Al Al
Notes

M1: for some attempt fo integrate a term inx: 3" — x™*'

: . 2 :
So seeing either 6x° = +AxX or — =+ ux™ or 5— 5x isMI.
pc

1* Al: for a correct un-simplified x* or x™ [ur l] term.

X

2* A1: forboth x* and x™ terms correct and simplified on the same line. Te. 2x* —2x7 or 2x° —%.

3 Al: for +5x+c. Alsoallow +5x' + ¢. This needs to be written on the same line.
Ignore the incorrect use of the integral sign in candidates® responses.

Note: If a candidate scores M1A1ALA]L and their answer 1s NOT ON THE SAME LINE then withhold the
final accuracy mark.

@ Pearson




Q4.

Question Scheme Marks
v

[f(x) =]§-% +5x[+c] o {r‘ —%f +5x(+r:}} MIAl
10=8-6+10+¢ M1

c=-2 Al

3 PR |
f(l)= 1_E+5 —2" = 7 (oe) Alft (3)
5 marks
Notes

1M1  for attempt to integrate 1" — x™"

1" Al  all comect, possibly unsimplified. Isnore +c here.

2*'M1 for using x = 2 and f(2) = 10 to form a linear equation in ¢. Allow sign ermors.
They should be substitnfing mto a changed expression

Al fore=-2

39 Alft for §+c Follow through their numeneal ¢ { =0)
This mark is dependent on 1% M1 and 17 Al only.




Q5.

Scheme Marks
3x° 4x7
I(3x2+5+4x_2)dx= +5x+— (=x* +5x—4x) M1 Al Al
[* +5x—ax'[ =(8+10-2)-(1+5-4). =14 MLAL (5

5

Integration:
Accept any correct version, simplified or not.

All 3 terms correct: M1 Al Al, Two terms correct: M1 A1 AO,
One power correct: M1 A0 AQ.

The given function must be integrated to score M1, and note.g. 3x* +5x" + 4.

Limits:

M1: Substituting 2 and 1 into a ‘changed function” and subtracting, either way

round.




Q6.

Question
Flialiof Scheme Marks
(a) | Secing —land 5. (See note below.) B1
(1
(&) (x+D(x=5)=x—dx-5 or ¥ —5x+x—5 B1
S 4l M: x* — x™*! for any one term.
I{x: —4x —5)dx S ia 5x {+c} 1 A1 at least two out of three terms | M1ATTL AT
comectly fi.
2 Substitutes 5 and -1 (or limits from
i_4_'rz.__5.1- iy ={ss) part(a)) into an “integrated dM1
3 2 £ function” and subtracts, either way
round.
(=120 2] (- £-249)
3 2
-[_E]_[E} - —36
3 3
Hence_ Area = 36 Final answer must be 36, not —36 | Al
(6)
7
Notes
(3) | B1: for ~1and 5. Note that (-1, 0) and (5, 0) are acceptable for B1. Also allow
(E.'r_ - 1} and {D, 5} generously for Bl. Note that if a candidate writes down that
A:(5,0), B:(—1,0),(ie A and B interchanged ) then B0. Also allow values inserted in the
cormrect position on the x-axis of the graph.
{6) | B1 for x* —4x -5 or x' = 5x + x = 5. If you believe that the candidate is applying the Way 2
method then —x* +4x + 5 or —x° + 5x — x + 5 would then be fine for B1.
1* M1 for an attempt to integrate meaning that x° — 1"*! for at least one of the terms.
Mote that —5 — 5x1s sufficient for M1.
1" Al at least two out of three terms comrectly ft from their multiplied out brackets.
2 A1 for correct integration only and no follow through. Ignore the use of a "+¢'.
ad r s S5 i :
Allow 2™ Al also for a -T +T-Sx. MNote that _T + = only counts as one integrated
term for the 1™ Al mark. Do not allow any exira terms for the 2™ A1 mark.
2™ M1: Note that this method mark is dependent upon the award of the first M1 mark in part
(b). Substitutes 5 and —1 (and not 1 if the candidate has stated x =—1 in part (a).) {or the limats
the candidate has found from part(a)) into an “mtegrated function™ and subtracts, either way
round.
3" A1: For a final answer of 36 ,not —34,
Note: An altemative method exists where the candidate states from the outset that
5
Area (R) = —j flri—-lx+5]dx is detailed in the Appendix.
-1
Cuestion
EriEeF Scheme Marks
Aliter
®) (x+x -5 =x"-4x-5or X' =5x+x—5 Can be implied by later working | B1
Way 2 2 4 M: x" — x"*! for any onc term.
-I{f ~4x=S)dv= - T+ s 5x (s} 1* A1 any two out of three terms | MIATFt A1
correctly fi.
; Substitutes 3 and -1 (or limits
= £+ 4x Y R T from part(a)) info an “integrated | 4,
3 2 I function” and subtracts, either
way round.
[—E+E+25]—[ l + 1—5}
3 2 3
e Hs)
3 3
Hence, Arca = 36 Al
()

arson



Silver Questions

Calculators may not be used

The total mark for this section is 37
Q1

A curve has equation y = f(x) and passes through the point (4, 22).

Given that
1

f'(x) = 3x* — 3x2 -7,

use integration to find f(x), giving each term in its simplest form.

(Total for Question 1 is 5 marks)

Q2

The gradient of a curve C is given by

2 2
W,
dx X
(a) Show that Y_ x> +6+9x7
dx
2
The point (3, 20) lies on C.
(b) Find an equation for the curve C in the form y = f(x).
(6)

(Total for Question 2 is 8 marks)

X



Q3
A curve has equation y = f(x). The point P with coordinates (9, 0) lies on the curve.
Given that

X+

9
Jx

x>0

f'(x) =

(a) find f(x).
(6)

(b) Find the x-coordinates of the two points on y = f(x) where the gradient of the curve is
equal to 10

C))

(Total for Question 3 is 10 marks)

Q4
y=4x+ 50
P
X
Figure 2
Figure 2 shows the line with equation y = 4x + 50 and the curve with equation y

= x? + 8x + 18. The line cuts the curve at the points 4 (-8, 18) and B (4, 66).
The shaded region R is bounded by the line and the curve, as shown in Figure 2.

Using calculus, find the area of R.

(Total for Question 4 is 6 marks)

@ Pearson



Q5

|1:| ‘.
C
>
A 0 B X
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 5 is 8 marks)




Silver Mark Scheme

Ql.

ﬁﬂﬁ;‘;ﬂ Scheme Marks

3
32 3x2
o S .

3
= X¥-22-Tx (+¢) AlA1
R4)=22 = 22=64-16-28+c M1
=¥ Alcso [5_]

[5]

i
1"M1 for an attempt to integrate (13 or x? seen). The x term is insufficient for
this mark and similarly the + ¢ is insufficient.
3
1*Al  for Exl or _E (An unsimplified or simplified comrect form)
3 % P mp
2™ A1 for all three x terms correct and simplified... (the simplification may be

seen later). The + ¢ is not required for this mark.
1

Allow —7x', but not —?Tx.

2 M1 for an attempt to use x = 4 and y =22 in a changed function (even if
differentiated) to form an equation in .

39 A1  for ¢ =2 with no earlier incorrect work (a final expression for f{x) is not
required).

Question it
- Scheme Marks

2 )
(@ {x2+3) T P P o

2
2
x°+3 4 2
( ,) =2 +6J: ) 2464957 *) Al cso (2)

X X

3
i =x—+6x+%x“ (2c) M1 Al Al

3 L3

27
M1

c=—4 Al
3

[y =]x?+6x—9x_1 —4 AL (6)

(8 marks)




Q3.

Question
Number

Scheme

MNotes

Aarks

(a)

M1: Comect attempt to split into 2
separate terms or fractions. May be

implied by one correct term. Divides
1 1

by x2or multiplies by x 2

1 1
Al: x? +9x ?or equivalent

M1A1

M1: Independent method mark for
x> x*! on separate terms

Al: Allow un-simplified answers. No
requirement for + ¢ here

M1Al

bt |
—

Substitutes x = 9 and y = 0 into their
mtegrated expression leading to a value for
c. If no ¢ at this stage MOAD follows unless
their method mplies that they are correctly
finding a constant of integration.

M1

There is no requirement to simplify their
fix) so accept any correct un-sumplified
form.

Al

(6)

()

x+9

Jx

1) = =10=x+9=10/x

x+9
Setsf'(x) = =10 and multiplies
gl :
by J/x . The terms in x must be in the

I-;SF‘:J;

1

numerator. E g allow

M1

They must be setting either the origina

I f'(x) = 100r an equivalent correct

expression = 10

Wx—9fx-1=0=+/x=..

Correct attempt to solve a relevant
3TQ in Vx leading to solution for vx.
Dependent on the previous MI.

dM1

x=8lx=1

Note that the x =1 solution could be
just written down and 15 B1but must
come from a correct equation.

Al Bl

&)

[10]

Alternative
ta part (b)

(

x+9

Jx

) =10" = x* +18x +81=100x

x+9

Jx
by x. They must be setting either the
original f'(x) = 10 or an equivalent
correct expression = 10

Sats

=10, squares and multiplies

M1

(x-81}x-1)=0=2x=..

Correct attempt to solve a relevant
3TQ leading to solution for x.
Dependent an the previous MI1.

dM1

x=8l,x=1

Note that the x = 1 solution could be
Just written down and 1s Blbut must

come from a correct equation.

Al,B1




Scheme

Way 1: Area of trapezium = L(g+5) xh =1(18+66) x"(4—-8)"=

or may use combination of rectangle and triangle to find trapezium area or may use mtegration
4 4

J{nl):-f\ﬂ}dﬂ' =[2x* +50x] =(232)-(128-400) =
-5 -4

504 (may be implied by correct final answer)

[ X +8x+18dy =1x® +4x* +18x

Use limits 4 and —8 [(3(4) +4(4)" +18x4) —(3(—8)’ +4.(-8)* +18x(-8))] =4 (=216)

And uses comect combination of correct areas. Area of region = Area of trapezium — 4
[ 472 176}

=504|3 3

=288

Way 2: Alternative method using “line — curve”
Setsup y =4x+50—(x* +8x+18)

5 '['3 -
[ - =4y +32dv = —'T —-2x" +32x

Use limits 4 and -8 on thus subrracted mtegration
Obrtams 288




Q5.

Question

2 Scheme Marks
Number
(a) | Seeing —4and 2. Bl
’ 1)
m) Mx+4)x—2)=x"+2x" —8x or ' —2x° + 4x° — 8x (without simplifying) | BL
4 5 1 4 2
J(x"+2f—3x}dr=x—+£—8i{+c} mx——£+£—gi{+c} M1A1ft
4 3 2 4 3 3 2
4 3 17]? 4 5
FEAE T T 3 TR TR T 3
One integral =+ 42% (426 0rawrt 427 ) or other integral = + 6% (6.6 0r awrt6.7) Al
¥ ) g ¥
Hence Area = "Th‘eiil"41§"+ ".*he:z:'rﬁi" or Area =".*."reir42§“— "—~l‘hei}"ﬁ§" dm1
1 148 148
= 49— or493 or — OoT —— Al
3 3 o 3 )
(An answer of = 493;: may not get the final two marks — check solution carefully) o
18]
Naotes for Question
(a) B1: Need both—4 and 2. May see (-4,0) and (2,0) (comrect) but allow (0,4) and (0, 2) or4=-4, B=20r
indeed any indication of -4 and 2 — check graph also
(1Y) B1: Multiplies out cubic correctly (terms may not be collected, but if they are, mark collected terms here)
M1: Tries to integrate their expansion with x™ — x™*' for at least one of the terms
Alft: completely comect integral following through from their CUBIC expansion (if only quadratic or
quartic this 15 A0)
dM1: (dependent on previous M) substituting EITTHER -a and 0 and subtracting either way round OR
similarly for O and b. If their limits — and & are used in ONE integral, apply the Special Case below.
Al: Obtain either i:lzé (or 42.6 or awrt 42.7)from the integral from -4 fo 0 ar tﬁ% (6.6 or awrt 6.7)
Jrom the integral from 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 minus their negative value, obtained from two
separate definite integrals.
Al: Allow 49.3, 49.33, 49333 ete. Must follow correct logical work with no errors seen.
For full marks on this question there must be two definite integrals, from -4 to 0 and from 0 to 2, though
the evaluations for 0 may not be seen.
{Trapezium rule gets no marks after first two B marks)
(b Special Case: one integral only from —¢ fo &: BIM1A]1 available as before, then

i 272 5
[x_ + E - E} = [4+E-16} - [64 - H - 64] = -6—§+42E =,... (M1 for correct use of their
TRAET - T 3 3 3

limits —a and b and subtracting either way round,
Al for 36: NO follow through. Final M and A marks not available. Max 5/7 for part (b)




Gold Questions

Calculators may not be used

The total mark for this section is 35

Q1

5
: 6x +3x2 o
Given that -~ =" can be written in the form 6x” + 3x9,

Jx

(a) write down the value of p and the value of ¢

2
3
2
Given that Y = Sxt3x7 and that y = 90 when x =4,
v Jx
(b) find y in terms of x, simplifying the coefficient of each term.
(6))

(Total for Question 1 is 7 marks)

Q2

1
jx_yzéx 2+x\/;wherex>0

Given that y =37 at x = 4, find y in terms of x, giving each term in its simplest form.

(Total for Question 2 is 7 marks)




Q3

Vi

y=10x—x -8

"4“

ol | \

Figure 2

Figure 2 shows the line with equation y = 10 — x and the curve with equation y = 10x — x> — 8

The line and the curve intersect at the points 4 and B, and O is the origin.

(a) Calculate the coordinates of 4 and the coordinates of B.

©))

The shaded area R is bounded by the line and the curve, as shown in Figure 2.

(b) Calculate the exact area of R.
(7)

(Total for Question 3 is 12 marks)




Q4

Y

Figure 2

Figure 2 shows a sketch of part of the curve C with equation
y=x —10x" +kx ,

where £ 1s a constant.

The point P on C is the maximum turning point.
Given that the x-coordinate of P is 2,
(a) show that k= 28.

(&)
The line through P parallel to the x-axis cuts the y-axis at the point V.
The region R is bounded by C, the y-axis and PN, as shown shaded in Figure 2.
(b) Use calculus to find the exact area of R.

()

(Total for Question 4 is 9 marks)




Gold Mark Scheme

Q1.
Question Scheme Marks
Number
1 25
(a) p=;.q:2 or 6x?, 3x* Bl, Bl
(2)
3 ;
(b) %r% [: 4x7+_1-3} M1 Alft
2
x=4.y=90: 32+64+C=90 = C=-6 MI1 Al
3
y=4x? +x +"their—6" Al
(5)
7
Notes
(a) Accept any equivalent answers, e.g. p=0.5, g=4/2
(b) 17 M: Attempt to integrate x" — x™ (for either term)
1" A: fi their p and g, but terms need not be simplified (+C not required for
this mark)
284 M Using x = 4 and y = 90 to form an equation in C.
2™ A: cao
3" A: answer as shown with simplified correct coefficients and powers — but follow
through their value for C

If there 15 a ‘restart’ i part (b) 1t can be marked independently of part (a), but marks for
part (a) cannot be scored for work seen in (b).

Numerator and denominator integrated separately:
First M mark cannot be awarded so only mark available is second M mark. So 1 out of 5

marks.




Q2.

Cuestion

Number Scheme Marks
1
d 3 =
D e xx
dx
3
xJx=x* | Bl
=™ | ML
2
6 1 x2
y=gxi+=(+o) Al Al
g - "z
%
Use x=4, y=3Tto giveequationine. 37= 1244 + :(N'E}i +c M1
X
1 -
=>cC =E or equivalenteg. 0.2 Al
l 2 ‘ |
N=12x2 +=x2 +— Al
(¥) : s
(7 marks)
4 3
Bl x/x =x7. This may be implied by + l?- oe in the subsequent work.
Z
1 El
M1 1" — x"" in at least one case so see either x2or x? or both
' 3
Al One term integrated correctly. It does not have to be simplified Eg. %xi or +%.
2 2
No need for +¢
Al Other term integrated correctly. See above. No need to simplify nor for +e. Need to see
6 + x%
TIE * = ora simplified cotrect version
z 3
M1  Substitute x=4, y =37 to produce an equation in c.
1 :
Al Correctly caleulates ¢ = % or equivalent e.g. 0.2
& ok g Lo
Al  cso y=12x'+ %xl +=—. Allow 5y =60x"+2x? +1 and accept fully simplified equivalents.
3

i 8 o ks 4
e.g. y=+(60x +2x? +1) | }'=12£+§«J(,F+E




Q3.

Question Schama FMarks
murmber
Method 1 Puts 10 —x=[0x—x* —B and O puts. w=10{10— ) — (10— y)" —8 ML
(a) MRS i give chevn barm geadratic wrd 1earTsmges. I grve thres leim gpedralic
Solves thelr "x' —11x+1B=10" using | Solfves their " 3" — By + 8 =0" wsing M1
Errplatde method a5 in geaeral grinciples svrgralils el i 0 ganmisl princples i
b Eive K= give r=
Dviadrs v = & . o ="1 [mary be on CHaadng = 8, v= 1 (may be on disgram] | Al
diagram: or im par (b in liss)
Subssiinies thelir ¥ bvio s ghven equation | Substibsses their v inlo a ghvwen equation io || 1
o give y= [(may be o disgramd give = (may be an diagram or im part (bl
r=Hf r=l =P pufl Al (5
(b) 1
!-ﬂl:l..l'—..ll —Hpde = T—?—hp c :I'll Al
1oy & dhil
—-—-EI ] e
(2 2n] - -t
=ﬂﬂ—%=ﬂﬂ-i-ul*
fora of rapedinm = 48+ 110 -2} = 3015 Bl
So area of ¥ is BBZ—31.5 =571 or 22 e
1]
[1Z
mearks
Motes (a) First M Iz See sclene  Second M See sodis relating 1o solvisg guedratio
Third M 1: This may be awanded &f one subsiitution is made
Twa cormect Anvaers Following mbles of valem, or loom Graphical caloulabor are 55
Just one pair of correct coordinates - o working or from table is MOMMOADAMLAD
(b} | bD- 2° —t.:"":l'l:r-}'-l:—lu'-_

1 AlL: & least reo sl of theee lerns comect 2% AL All ihere ommect

dh 1 Substiniies B and £ (o0 Bmits. Grom panial) inbe an * nsegrated Tnctioa”™ and subaracts.
either way moamd

MNB: "mﬂhwﬂiﬁhﬁl+m+€+--= .:,,‘:..u”} This is M1 AL Al
Theers pwes lirmdits d%01 aend wragwrinm s Bl

Plassls b0 chomee s of vale ol e Fom iegration fir Dl MILAL s5 —885— 315 = MOAD )
Bl: Dbesen 315 foe ares under [ins using sy coimect method ookl he iegranion) of Bsegle mins
rangls T Bl —L o mectangle ples nengle [mey be mplied by coerec) 57 16 |

BN Thedr Agva assader cuere - Thetn Area pndey line (I imegrate botl need s mals)
Al- Acorp 5T 1 Greoorring bot et 5716




Integrales. — x* + 9r—18 15 Hkely to be MIATADIMIBOM1AD
Integrates 2-1lr—«" is Hkely io e M1ADADIM 1 BOM1AD

Wisting j::l:ﬂ.l-—.r: _B) — (M0 — &) e ondy eas final M mark

for (B} s i
=r{m:—n‘—n—{lﬂ—.ﬂd.r ¥ B fin fb} J= Uses differonoe
: = Hmmf-r:ﬂnmh integral,
2 M: 2" — & for aey oo Erm Al
L_f'-”' et Al e leass bwo el of these thees Al
——i+E—1ﬂl[+£‘t simplificd terms
T3 Fi Correct imiegracion.  {Ignone + o Al
—i-I-E--IE.r - =1 } Subslinses §and I (oo lmits froes
3 - T penial) imio an "esegysied fissction™ a®dl
e seibormnts, sither Wy oo
This mark & immglied by final asswer which rounds o 572 B
Sew @ bove working sliow brackeiing ermors) o decide o awand T MT M1
mark for (B heres
05— {165 =5T% e Al
7
Epecial MiALAL
SE L';‘ 1y 18dy = %-%-ﬂh{;d
albsve
method
o2 s I D
et = )=(—)
E] z 2
This mark is imglsed by Mool seswer whibch roonds o 57,2 (ool 257 .2) E1
Dafference of fimciions implied {se0 above expressicn) K1
405 —(—164) =574 o= Al
{7
Spacial Inteprabes expression by ye @ 'ﬁ-ﬁyi!:ﬂ-':mﬁm}mﬂm
= Z
- BN i part () aned no other markes, (115 ol 3 method for Anding this
areal)
Mates Take away rapezinm again having weed Method 2 bses last two marks
Common Ermor




Q4.

Question

MiitnhisE Scheme Marks
{a) % =3x? = 20x+k (Differentiation is required) M1 A1
Atx=2.£=0.su 12-40+k=0 k=28 (*) | Alcso
X
N.B. The ‘= 0" must be seen at some stage to score the final mark.
Alternatively: (using k= 28)

-S—f=3x1——lﬂx+28 (M1 Al)
‘Assuming’ k= 28 only scores the final cso mark if there is justification (3)
that :l—‘}r =0 atx =2 represents the maximum trning point.

A 3 - 2 2 3 2
(b) -[ (x® —10x> +28x)dx = -J:T - 1'% + Ll Allow b for 28" | 'M1.AT
4 3 :

LR MO 1 [ (=4—E+55=@)

4 3 i 3 3 o
(With limits 0 to 2, substitute the limit 2 into a 'changed function”)
y-coordinate of P= 8- 40+ 56=24 Allow if seen in part (a) | B1

(The B1 for 24 may be scored by implication from later working)
Area of rectangle = 2 x (their y - coordinate of P)
a . 100 44 2 .
Area of R = (their 48) —[the:r T] s (145 or 14.6] M1 A1
]

If the subtraction is the “wrong way round’, the final A mark 1s lost.

(6)
9

() M: x" = ex™ (c constant, ¢ # 0) for one term, seen in part (a).

() 1% M: x" — ex™ (e constant, ¢ # 0) for one term,
Integrating the gradient fimetion loses this M mark,

2ndM: Requires use of limits 0 and 2, with 2 substituted into a ‘changed
function’. (It may, for example, have been differentiated).

Final M: Subtract their values either way round. This mark is dependent
on the use of calculus and a correct method attempt for the
area of the rectangle.

S s : . 44
Al: Must be exact, not 14.67 or sumilar, but isw after seeing, say, "

Altemative: (effectively finding area of rectangle by integration)

3 3 =i
I{E—i—(x‘l—lﬂxz+33:r]}d.r=24x—[%—m; 2 }.ctc,

This ean be marked equivalently, with the 1% A being for integrating the
same 3 terms correctly. The 3rd M (for subtraction) will be scored at the
same stage as the 2% M. If the subtraction is the “wrong way round’, the
final A mark is lost,




Platinum Questions g

Calculators may not be used

The total mark for this section is 10

(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.

@)

(b) With reference to your sketch, explain why there exists a value a of x (¢ > 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 # 0) such that

J f(x) dx = J VIf(x)] dx.

2

(Total for Question 1 is 10 marks)




Platinum Mark Scheme
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Topic 14

Exponentials and Logarithms

Bronze, Silver, Gold and
Platinum Worksheets
for AS Level Mathematics

ALWAYS LEARNING 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 AS and A Level Mathematics: Pure Mathematics Year 1/AS’ 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

Calculators may not be used

The total mark for this section is 25

Q1

Find the exact solution to the equation
Inx+In3=1In6,
(Total for Question 1 is 2 marks)

Q2

Sketch the graph of
y=3", xell

showing the coordinates of any points at which the graph crosses the axes.

(Total for Question 2 is 2 marks)

Q3

Find the value of x for which
logs(x —2) =—1.

(Total for Question 2 is 2 marks)

Q4
Find the exact solutions, in their simplest form, to the equations
(a) e ?=8
3)
(b) In2y+5)=2+1In(4—-y)
“4)

(Total for Question 4 is 7 marks)

@ Pearson



Qs

Given that
2logy (x + 15) —logax =6
(a) Show that
x?—34x +225=0
)
(b) Hence, or otherwise, solve the equation
2loga(x +15) — logox =6
2

(Total for Question 5 is 7 marks)

Q6

Water is being heated in an electric kettle. The temperature, 6 °C, of the water ¢ seconds
after the kettle is switched on, is modelled by the equation

0=120-100e*, 0, ¢, T

(a) State the value of d when =10

Oy
Given that the temperature of the water in the kettle is 70°C when ¢ = 40,
(b) find the exact value of 4, giving your answer in the form tha , where a and b are
integers.
C))

(Total for Question 6 is 5 marks)




Bronze Mark Scheme

Q1.
g‘::;::: Scheme Marks
f Y Fi .Y
In3x=I1n6 or Inx=In I%| orhal%}:ﬂ Ml
x=2 (onlythis answer) Al (cso) (2)
(2 marks)

Notes: (a) Answer v = 2 with no workmng or no incorrect working seen: M1A1

Note: x=2 from 1111'=% =1n2 MOAO

Inx=In6-1In3 = x =¢ ®*-29 allow M1, x=2 (no wrong working) Al







Q2.

Scheme Marks
Graph of ¥=3" and solving : -9(3")+18=0
At least two of the three ciitena comrect. Bl
(See nates helow.)
All three cntena cormect B1
(See notes helow.)

=Y

Criteria number 1: Correct shape of
curve for x 2 0 and at least touches the
positive y-axs.

Criteria number 2: Correct shape of
curve for x < 0 Must not touch the x-
axis or have any MEmung pomnts.
Criteria number 3: (0, 1) stated or m
a table or 1 marked on the v-axis.
Allow (1, 0) rather than (0, 1) of
marked in the “correct” place on the y-
AXIE

?@
Lotal 2




Q3.

%‘;Enft;:p Scheme Marks
(x-2)=3" (x-2)=3"0r } | Ml oe
x{=4+2}=24 2} or } or 2.30rawrt233 | Al

121

IMl: Is for correctly elinunating log out of the equation.
Egl: log,(x - 2)=log,(}) = x -2 =1 only gets M1 when the logs are correctly removed.

EEI: hﬂ;(-’f—z):—lﬂs;{?*}:" lngj{x_2]+lﬂgj(3}zﬂ = 1'33,{3(1—3}}23
= 3(x—2) = 3" only gets M1 when the logs are correctly removed,

but 3(x-2) = 0would score MO.

Note: log,(x-2)=-1 = lug;[§]=-l

log,,(x - 2)

—_—=-1= (x=2)=-
log,y3 log,, log,

=log,3(x-2)=0=> 3(x-2)=10". ,

A correct answer in (b) without any workir

¥ = 37 would score MO for incorrect use of logs.

 log,(x - 2) + log,,3=0

powmnt M1 1s scored.
es M1AL.




Q4.

?\}E;E? Scheme Ivlarks
(@) e =8=3x-9=In8 M1
:>x=5f53_=m3+3 AL Al
(3)
(b) n(2y+5)=2+1n(4-y)
i j T + :-»J kY
In| S |=2 M1
(2043) Ml
\ 4=y )7°
= 1 1 1 - 4'5_"1 _5
Qy+i=e(d—y)=2v+ey=de = y= . dM1, Al
LTE
(4)
7 marks
(a)

M1 Takes In's of both sides and uses the power law. You may even accept candidates taking logs of both sides

Al A correct unsimplified answer or equivalent such as

il _3—]_11{5}@]-‘ ﬁ+3 or even 3.69
3 77 3loge

Al cso In2+3 . Accept In2¢’

3

e == < -=8= e =8 =3x=In |_r 8 ] for M1 (Condone slips on mdex work and lack of bracket)
e .

AltII (a)
e =ifS = x—3= hlf-ifgll for M1 (Condone slipsonthe 9. Eg e =2=x-9=In2)

(b)
M1 Uses a correct method to combine two terms to create a single ln term.
. i (2p+5)
Eg. Score for 2+In(4—y)=In(e (4—»)) or b2y +3)-In(4-y) = ].11| 4 |
’ LTy
Condone ships on the signs and coefficients of the terms, but not on the e’
M1 Scored for an attempt to undo the In's to get an equation in y This must be awarded after an attempt to combine

the In terms. Award for In(g(y)) =2 = 2(y) =¢" and can be scored eg where 2(3)=2v+5—(4—))
It cannot be awarded for just 23 +5 =& +4— v where the candidate attempts to undo term by term

di{1  Dependent upon both previous M's. It 1s for making v the subject. Expect to see both terms in y collected and
factorised (may be implied) before reaching v = Condone slips, for eg, on signs. 3 =2.615 scores this.

4e’ -5 : 13
Al y== 2 o equivalent such as y =4 —- - ISW after vou see the correct answer.
2+e” 2+e
. _ _ In(2y+3) 2y+3 :
Special Case: In(2y+5)-In(d—y)=2= n(d—) =1= 1=, = ¢ = Correct answer score MO0 M1 M1 A0

@ Pearson



Q5.

Qjmanon Scheme Marks
Number
(a) 2log(x +15) =log(x +15)° Bl
" (x+15)° a
log(x+15)" —logx=log———— Correct use of loga—logh = lugg M1
%
2°=640r log,64=6 64 used 1n the correct context Bl
x+15)° x+15)°
log, L =5=> L =64 | Removes logs comectly M1
X X
= X" +30x+225=64x Must see expansion of (x+15)" to
orx+30+225x" =64 score the final mark.
ot —=34x+225=0* Al
(5)
M1: Correct attempt to solve the given
(b) (x-25)(x-9)=0=x=250rx=9 quadratic as farasx = M1 Al
Al: Both 25 and 9
(2)
[7]




Q6.

%EE‘:? Scheme Marks
) Bl
a (8=)20
(@ |\&¢=) -
(h) |Subt=40.8=70= 70=120-100e -*"*
= e =05 MI1A1
, In2
= =10 MI1A1
()
:LI'I{I]) gub;r: 40,8 = 70 = 100e —*%i= 50
= In100 — 404 =In50 MI1A1L
. Inl100—1n50 In2
TR 10 =20 MI1A1
()

(@)
Bl  Sightof (6=)20

(b)
Ml Subi=40,8=70= 70=120—-100e¢"*"* and proceedto ¢**"* = 4 where 41sa
constant. Allow sign slips and copying errors.

Al Eu:ﬂi or e =2 or exact equivalent
M1  Forundomng the e's by taking In's and proceeding to 1=_.

May be mmplied by the correct decimal answer awrt 0.017 or i= =l

—40

L]
Al CS0 ] — In2
4

Accept equivalents in the form Ina b == suchas ji= e
b 20




X

Silver Questions

Calculators may not be used

The total mark for this section is 28
Q1

Find the exact solutions, in their simplest form, to the equations
@2In2x+1)—-10=0

(2)
(b) 3e* = ¢’

“4)

(Total for Question 1 is 6 marks)

Q2

A student was asked to give the exact solution to the equation
224 _9(2%) =0
The student's attempt is shown below:
224 _9(2%) = ()
227 +24-9(29%=0

Let 2*=y
V-9 +8=0
-8y -1)=0
y=8 or y=1

Sox=3o0rx=0

(a) Identify the two errors made by the student.
(09
(b) Find the exact solution to the equation.

@)

(Total for Question 2 is 4 marks)

@ Pearson



Q3
(a) Given that
2log,(x-5)-log,(2x-13) =1

show that xZ — 16x + 64 = 0.
)

(b) Hence, or otherwise, solve 2log,(x—5)—-log,(2x-13) =1

@)

(Total for Question 1 is 7 marks)

Q4

Given that a and b are positive constants, solve the simultaneous equations
a=73b,
logza + logsb = 2.
Give your answers as exact numbers.

(Total for Question 2 is 6 marks)

Q5

The mass, m grams, of a leaf # days after it has been picked from a tree is given by

m=pe *

where k and p are positive constants.

When the leaf is picked from the tree, its mass is 7.5 grams and 4 days later its mass is 2.5
grams.

(a) Write down the value of p.
1)

(b) Show that k= %ln 3

C))

(Total for Question 5 is 5 marks)
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Silver Mark Scheme

Q1.
Question
=i Scheme Marks
(a) 2In(2x+1)-10=0=1n(2x+1)=5 = 2x+l=¢ =x=_ M1
5
o Bl Al
2
(2)
(b) 3e* =¢’ > In(3"e*)=Ine’
In3* +Ine” =lne’ = xIn3+4xlne=Tine MI1M1
¥n3+dH=T=x=__ dmM1
T
T n3+a) - Al
(4)
6 marks
Alt 1 o T
(b) e e
3= > xn3=(7-4x)ne M1.M1
Aln3+4)=T=x=_. dM1
x= 1 Al
(ln3+4)
4)
A:L]z 3*e* =’ = log(3"e*) =loge’
T.l.;i;g log3® +loge* =loge” = xlog 3+ 4xloge=Tloge M1, M1
x(log3+4loge)=Tloge=x=... dm1
Tlo
T ... Al
(log3+4loge)
4
7
A:th: 33e43| i E"T = 3x o E:x
-
Using x _ . 7-4x
o, F=eT"x=(T-4x)log,e MI1.M1
x(1+4log,e)=Tlog;e=x=... dM1
_ Tlog,e
B (1+4log,¢) £
(4)
A:L;' 3T — ol = primdatr o7
Using D L a3+ 4x=7 M1.M1
3* =e (In3+4)=7 L dM1 Al
= X +d)=T=x=.. r=— 2
(In3+4)
4




(a)

M1  Proceeds from 2In(2x+1)—10=0 to In{2x +1) = 5 before taking exp's to achieve x in terms of e’
Accept for M1 2In(2x+1)-10=0=2> In(2x+1)=5>x=f(e’)
Altemnatively they could use the power law before taking exp's to achieve x in terms of A
2ln(2x+1)=10= lu[ZJr+l,'l2 =10=:-{lx+1]: == x=g(v’:m- }

. 5
or other exact simplified alternatives such as x =e——l. Remember to isw.

2 2 2

The decimal answer of 73.7 will score M1AO unless the exact answer has also been given.

Jel — +e’ =

s does not score this mark unless simplified. x= == =1

Al cso. Aceept x= =

1s M1AO

The answer

(b)
M1  Takes In’s or logs of both sides and applies the addition law.

In(3"e™)=In3" +Ine™ or In(3"e™) = In3" + 4x is evidence for the addition law
If the ** was ‘moved’ over to the right hand side score for either e"~* or the subtraction law.
T 7
e o0 :
In—=In e’ —Ine*"or 3%e* =’ = 3* = —'“::4—; = 3* = ¢"*is evidence of the subtraction law
= 8

M1  Uses the power law of logs (seen at least once in a term with x as the index Eg 3%, e ore™ ).
In3"+Ine** =Ine’ = xIn3+4xlne = 7lne is an example after the addition law
3" =e" ™ = xlog3=(7-4x)logeis an example after the subtraction law.
It 1s possible to score MOM1 by applying the power law after an incorrect addition/subtraction law
For example 3" =¢’ = In(3")xIn(e**)=Ine’ = xIn3x4xlne=Tne

dM1 Ths is dependent upon both previous M's. Collects/factorises out term in x and proceeds to x =
Condone sign slips for this mark. An unsimplified answer can score this mark.

Al If the candidate has taken In’s then they must use Ine =1and achieve x = ﬁnr equivalent.
&=
If the candidate has taken log’s they must be writing log as oppose to In and achieve
x= . PRRE or other exact equuvalents such as x = ’ ]ﬁgi ;
(log3+4loge) log 3e



Q2.

Question Scheme Marks AOs
@ 2% 4+ 2% is wrong in line 2 - it should be 2°% x2* Bl 23
In line 4, 2* has been replaced by 8 instead of by 16 Bl 23
(2)
(b) Way 1 Way 2

221'——1 - 9(2?} — D
(2x+4)1log2—log9—xlog2=0

2% %2 -9(27)=0 M1 51
Let 2*=y
16y° -9y =0
y=i or y=0
log(<) X= log9 -4 oe.
So x =log, (%) or = log2 Al 1.1b
' log2
o.e. with no second answer.
(2)
(4 marks)
Notes

(a) B1: Lists error in line 2 (as above)
B1 : Lists error 1n line 4 (as above)
(b) M1: Correct work with powers reaching this equation
A1l : Correct answer here — there are many exact equivalents




Q3.

NmumE:: Scheme Marks
(a) 2log;(x-5)=log;(x-5)’ B1
5 -5?
log;(x-5)" —log;(2x-13) =log; x—3) M1
2x-13
log, 3 =1 seen or used correctly B1
; G i
log3[£]=l = P=30 !:—J-L—'}-=3 = (x—-5)" =3(2x-13) M1
o 2x—13
x—16x+64=0 (*) [Aleso
(5)
b)) (x-8)x-8)=0 = x=8 Must be seen in part (b). M1 A1
Or: Substitute x = 8 into original equation and verify. (2)
Having additional solution(s) such as x = -8 loses the A mark.
x =8 with no working scores both marks. T

(a) Marks may be awarded if equivalent work is seen in part (b).

lugs(x-ﬁ]:
log,(2x-13)

st M: logs(x-ﬁ]: =log;(2x=13) = is MO

x—5

1s MO

2log;(x—5)—log,(2x—13) = 2log =
LX —

2™ M: After the first mistake above, this mark is available only if there is ‘recovery” to the required

lug{%] =1 = P=230.Even then the final mark (cso) 1s lost.

log,(x - 5}: e (x -—5}1

. will also lose the 2% M.
log;(2x-13) 2x-13

‘Cancelling logs’. e.g
A typical wrong solution:

(x-5)° (x-9)’ (x-5)° ,

2x—13 . T 2x-13 e e

&
(Wrong step here)

This. with no evidence elsewhere of log, 3 =1, scores B1 M1 B0 MO A0
(x-35) o (x-5)
2x =13 2x-13
(Here log, 3 =1 is implied).

No log methods shown:

log,

= 3 is correct and could lead to full marks.

However. log,

It is pot acceptable to jump immediately to %1-—_51}—-; = 3. The only mark this scores is the 1¥ Bl (by
2x—

generous implication).

(b) M1: Attempt to solve the given quadratic equation (usual rules), so the factors (x —8)(x —8) with no
solution is MO.




Q4.

3&3::: Scheme Marks
¥ ¥ - a4+l
(a) | Way 1:log;(9x)=1log; 9+log; x or Way2: log,(9%) = log,3 M1
=1+a =2+a Al
(2)
(1) e 35
Way 1:log, 5 =log, x’ —log,81 |or Way2 . 1‘3'?3‘3T M1
- 3 3 - .
log x” = 5log x or logBl=4log3 or = log, 3" i
log81=4
Al cso
=5 —
5a-4 3)
r
(c) 1-:-33{91]+103,[E]=3
Method 1 Method 2
5
—>2+a+5a-4=3 log; QI.E =(3 or log27) M1
5 "
—=a== log,| — |=3orlog 27 Al
s gs[ ) ] 2
e 6
=x=3% or logyx=alogy3sox= SN N LR M1
o
x=2498 or awrt x=2498 or awrt Al
(4)
If x = -2.498 appears as well or instead this 1s A0 Total 9
Notes for Question
{a) Way 1: M1: Use of log(ab) = log(a) + log(b) Al:mustbea+2 or 2+a
Way 2: Uses x=3" to give log,(9x) = log,3"". Alfora+2 or 2+a
(b) Way 1: M1: Use of log{a/b) = log{a) — log(b)
M1: Use of nlog(a) = log(a)*
Way 2: M1 Use of correct powers of 3 in nunerator and denominator
M1: Subtracts powers
Al: No errors seen
(c) Method 1: M1: Uses (a) and (b) results to form an equation in @ (may not be linear)
Al: a=awrt 0.833
M1: Finds x by use of 3 to a power, or change of base performed correctly
Al: x=2498 (accept answer which round to this value from 2.498049533...)
Method 2: M1: Use of log(ab) = log(a) + log(b) in an equation (RHS may be wrong)
Al: Equation correct and sumplified
M1: Tries to undo log by 3 to power correctly, and uses root to obtam x
Al:x= 2498 (accept answer which round to this value from 2.498049533. ) Lose this
mark if negative answer is given as well as or instead of positive answer.
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Question Scheme Marks
Number
Method 1 (Substituting a = 3b into second equation at some stage)
Using a law of logs correctly (anywhere) e.g. logsab=2 M1
Substitution of 36 for a(or a/3 for b) eg. log:3b" =2 M1
Using base correctly on correctly derived logzp=q e.g. 35" =3° M1
First correct value b= 3 (allow 3% Al
Correct method to find other value { dep. on at least first M mark) M1
Second answer a=3b =343 ory27 |Al
Method 2 (Working with two equations in logsa and logab)
* Taking logs" of first equation and * separating”  log;a =log; 3+log; & M1
(=1 =+ log;b)
Solving simultaneous equations to find log saorlog 2 & M1
[logsa= 1%, logs;b=l%]
lUsing base correctly to find a orb M1
Correct value for gor b a=3v3 or b=v3 Al
Correct method for second answer, dep. on first M; correct second answer MI1:AL[6]

[lgnore negative values]




Motes:

Answers must be exact; decimal answers lose both A marks
There are several variations on Method 1, depending on the stage at which

a= 3bis used, but they should all mark as in scheme.

In this method, the first three method marks on Epen are for
(i) First M1: correct use of log law,

(i) Second M1: substitution of 2= 35,

(iii) Third M1: requires using base correctly on correctly derived logs p= q

Three examples of applving first 4 marks in Method 1:

(i) log;38 +log;b=2 gains second M1
log, 3+ log, b +log,b=2 gains first M1

(2log; b =1, log;b = '2) no mark yet
B=3% gains third M1, and if correct A1
(i) log,(ab)=2 gains first M1
ab =37 gains third M1
3p? = 3° gains second M1
(i) log, BT =2 has gained first 2 M marks

= 2log; 35 =2 or similar type of error
=log,3b=1 = 36 =3 does notgain third M1, as log 35 =1
not derived correctly




Q5

Question Scheme Marks
Number
(a) =75 Bl
(1)
(b) 2.5 = 7.5 % M1
1
—ak _ -~
e M1
1
—4k = ll'l(g) IM1
—4k = —In(3)
1 .
k= 1111[3_} AL*
See notes for additional correct solutions and the last Al
(4)
5 Marks




Gold Questions

Calculators may not be used

The total mark for this section 1s 30

Q1
(a) Find the positive value of x such that
log»64=2
2
(b) Solve for x
logo (11 —6x)=21logx (x — 1)+ 3
(6)

(Total for Question 1 is 8 marks)

Q2
Find algebraically the exact solutions to the equation 2* ¢! = 10

a+Inb

Give your answer to (b) in the form where a, b, ¢ and d are integers.

c+Ind

(Total for Question 2 is 5 marks)

Q3

(i)
2log(x + a) = log(16a®), where a is a positive constant

Find x in terms of a, giving your answer in its simplest form.
3
(ii)
log3(9y + b) — log3(2y — b) =2, where b is a positive constant

Find y in terms of b, giving your answer in its simplest form.

“)

(Total for Question 3 is 7 marks)
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Q4

(a) Find the value of y such that

logoy =3
(2)
(b) Find the values of x such that
log, 32 +log, 16 ~ log, x
log, x
S)

(Total for Question 4 is 7 marks)

Q5

Rabbits were introduced onto an island. The number of rabbits, P, ¢ years after they were
introduced is modelled by the equation

1
P=80c", tel,t..0
(a) Write down the number of rabbits that were introduced to the island.

0y

(b) Find the number of years it would take for the number of rabbits to first exceed
1000.

@)

(Total for Question 5 is 3 marks)




Gold Mark Scheme

Q1.
e Fa— Marks
() | log, 64=2 = 64=»" Mmi
Sox=8 Al (D)
() | log, (11-6x)=log, (x~1)" +3 M1
11-6x
lo = 1=3 M1
e
Ll M1
(x-1)
{11-6x=8(x* = 2x+1}} and s0 0=8x" ~10x~3 =
M1
0=(4x+1)(2x-3) =x=..
3[ 1] Al ()
s
(8)

(a)

(b)

M1 for getting out of logs
Al Do not need to see x = -8 appear and get rejected. Ignore x = -8 as extra solution.
= § with no working 1s M1 Al

1M1 for using the nlogx rule

2™ M1 for using the logy - logy rule or the logy + logy mile as appropriate

M1 for using 2 to the power— need to see 2 or 8 (May see 3 =log, 8 used)

If all three M marks have been earned and logs are stll present m equation
: ! 11-6x

dnlﬂmfmlhil.&mhlum:mnhn[ ¥

1

(x=1)

= log, & would eam

MIMIMO

1" Al for a correct 3TQ

d‘drpmdmth‘[] for atempt 1o solve or factonze thew 3T0) to obtaun x =, .. (mark
on three previous M marks)

2 Al for 1.5 (ignore -0.25)

s.c 1.5 only - no working - is 0 marks

(a)

Altemnatives
Change base : (i) ‘:ﬂnz.m log,x=3 and x=2", is Ml or

:I

(1) $=1, logx=4loghd sox= 64" is Ml thenx=8is Al
H_I
BUT logx=0503 so x = § 15 MLAD (loses accuracy mark)

(ii) log, x=}sox= 64" is M1 thenx = 8 is Al




Q2.

Question
Nianbe Scheme Marks
Take log.’s to give 1In2*+lne™ ™ =In10 M1
xIn 2+(3x+1)lne=Inl0 M1
x(In2+3lne) =In10—Ilne => x=. dMm1
and uses Ine = 1 M1
i —1+Inl0 Al
3+ln2
(5)
Note that the 4™ M mark may occur on line 2
{ 5 marks)
Notes for Question Continued
(b)
M1 Takes logs of both sides and splits LHS using addition law. If one of the terms is taken to the other side

it can be awarded for taking logs of both sides and using the subfraction law.

M1 Taking both powers down using power rule. It 1s not wholly dependent upon the first M1 but logs of
both sides must have been faken. Below 1s an example of MOM1

In2*xne™ ' =Inl0=> xln2x(3x+1)ne=1nl0

dM1  Tlhus 1s dependent upon both previous two M’s being scored. It can be awarded for a full method to
solve their linear equation in x. The terms in x must be collected on one side of the equation and factorised. You
may condone slips in signs for this mark but the process must be correct and leading tox= ..

M1 Uses In e = 1. This could appear mn line 2, but 1t must be part of their equation and not just a
statement.
Another example where 1t could be awarded 1s ei"1=;—f=> 3x+1=_.
g —1+In10 ni0-1 log, 10—1 .
Al Obtaimns answer x = = = —= oe DO NOT ISW HERE
3+In2 j+ln2 3+log, 2

Note 1: If the candidate takes logis ’s of both sides can score M1M1dMIMOAO for 3 out of 5.

Answer= x = =

—loge +logl0 _[
3loge+log2

—loge+1 ]
3loge+log2

—1+1ogl0

MNote 2: If the candidate writes x =
3+log2

without reference to natural logs then award M4 but with hold

the last A1 mark, scoring 4 out of 5.




Question

Aniiser Scheme Marks
Alt 1
to (b)
Writes lhs ine’s 27 1= ™ =10 1* M1
=™ _10, xm2+3x+1=lh10 |2®M1, 42M1
¥(ln2+3)=nl0-1=x=. dmM1
~1+In10
=— Al (5)
3+In2

Notes for Question Al 1

M1  Writes the Ihs of the expression in e’s. Seeing 2" =e™®? in their equation 1s sufficient

M1 Uses the addition law on the lhs to produce a single exponential

dM1 Takes In's of both sides to produce and attempt to solve a linear equation in x

You may condone ships in sagns for this mark but the process must be comrect leading to x= .,

M1 Uses In e = 1. This could appear in hine 2




Q3.

Question

Number Scheme Diarks
@) Use of power rnule so log(x+ a)’ = lﬂglﬁaﬁ of 2logix+a)="2 1-:}g—1.::3 or
' M1
log(x +a) =log(16a°)*
Removes logs and square roots, or halves then removes logs to give (x+a)=4a’ 1
Or x* 4+ 2ax+a” —16a° = 0 followed by factorisation or formula to give x =+/16a" —a )
(x=) 4a’ —a (depends on previous M’s and must be this expression or equivalent) Alcao
j (3)
(11 Oy +b : : :
Wav 1 og; ﬁ =2 Applies quotient law of logarithms | M1
3 Dy—
9 1 b ; 5
Oy+b) =3 Uses log, 3" =2 | M1
(2y—b)
(9y+b) =92y —b) =y = Multsplies across and makes y the Mi
subject
 — 10 Aleso
y=9? 0
Way 2 | Or: log;(9v+b)=log; 9+log,(2v—b) 228 0 mark | M1
log;(9y +b) =log; 92y —b) 1 M mark | M1
9y+b)=92y-b1=y= % b Multiplies across and makes v the subject }:;.111::' o
F 2
(4
[7
Notes
(1) 1% M1: Applies power law of loganthms correctly to one side of the equation
M1: Correct log work 1n correct order. If they square and obtain a quadratic the algebra should be
correct. The marks is for x+a=+/16a" iswsoallow x+a=1% 44’ for Method mark. Also allow
x+a=4a’ or x+a=1= 4a’ oreven x+a=16a’ as there is evidence of attempted square root.
May see the correct x +a = 102727 55 = 5 +10%25° %) which gains M1AD unless followed
by the answer 1n the scheme.
Al: Do not allow x =% 4a” —a for accuracy mark. You may see the factorised a(2a + 1)(2a — 1) o.e.
{11) IM1: Applying the subtraction or addition law of logarithms correctly to make two log terms

into one log term 1n v
M1: Uses log; 3F=2
34 M1: Obtains correct linear equation in y usually the one in the scheme and attempts y =

Aleso: y= % b or correct equuivalent after completely correct work

Special case:

log.(9v+5 Qy+b
L}} = 2 15 MO unless clearly crossed out and replaced by the correct log, {L—} =2
log;(2y —b) (2y—b)
. g ' b .
Candidates may then write ﬁ = 3" and proceed to the correct answer — allow MOMIMIAQ as
2y—

the answer requires a completely correct solution.

@ Pearson



Q4.

Question

Rl Scheme Marks
Q {a) log,y=-3 = ,'F=2_3 M1
y=% or 0125 Al (2)
(B)]32=2% or 16=2* or 512=2° M1

[or log,32=5log,2 or log,16=4log,2 or log,512=0og, 2]

1 32 1 16 l 512
[or ]0g333=Lu1 or log,16= s> or log, 512=L]
log,, 2 log,, 2 log,, 2
log; 32 + log,16=29 Al
(logx)* =... or (logx)(logx)=.. (May not be seen exphcitly. so WA
M1 may be imphied by later work. and the base may be 10 rather than 2)
log,x=3 = =2"= § Al
log,x=-3 = x=2_3=l Alft

B

(5)
(7]

(a)

(b)

M1 for getting out of logs correctly.
If done by change of base. log,, y = =0.903... is insufficient for the M1, but y =10"*
scores M1.

Al for the exact answer, e.g. log,, v =—0.903 = y =0.12502.. scores M1 {imphed) AD.

Correct answer with no working scores both marks.
Allow both marks for implicit statements such as log, 0.125=-3.

1% M1 for expressing 32 or 16 or 512 as a power of 2. or for a change of base enabling
evaluation of log, 32. log, 16 or log, 512 by calculator. (Can be implied by

5. 4 or 9 respectively).
1" Al for 9 (exact).
2™ M1 for getting (log, x) = constant. The constant can be a log or a sum of logs.

If written as log, x* instead of (log, x), allow the M mark only if subsequent

work implies correct interpretation,
2™ Al for 8 (exa ct). Change of base methods leading to a non-exact answer score A0,

511;!

Alft for an answer of . An ft answer may be non-exact.

theur 8
Possible mistakes:
log,(2*)=1log,(x*) = x* =2 = x=.. scores M1Al(implied by 9)MOAOAOD
log, 512 =log, xxlog, x = x’ =512 = x=_. scores MOAO(9 never seen)M1A0A0

log, 48 = (log, x)' = (log, x)' =5.585 = x=5.145. x =0.194 scores MOAOM1AOA1ft

No working (or ‘trial and improvement”):
x =8 scores MO A0 M1 A1 AD




Qs.

Wiinber i ==
Q P=80e"
(a) | t=0 = P=80e* = 80(1) = 80 80 | B1
(1)
e Substitutes P = 1000 and
(b) | P =1000 = 1000 = 80e* = — =& rearranges equation to make < the | M1
subject.
= sm[@]
80

awrt’ Sh[%] years | A1
(2)

[3]




2

Platinum Questions

Calculators may not be used &%

The total mark for this section is 25

(a) Solve the equation
V@Bx+16) =3 +V(x + 1)
(6))

(b) Solve the equation

logs (x—7) — %10g3x=1—10g32

(7)
(Total for Question 1 is 12 marks)

(a) Giventhatx>0,y>0,x# 1 and n > 0, show that

log, y=log , »"
(2)

(b) Solve the following, leaving your answers in the form 27, where p is a rational number.
(i) log,u+log,u’+logyu’ +log, u*=>5
(i) log,v+log,v+log,v+log,,v=>5

3log, 64
log, w

(ii1) log, w* + 5

)
(Total for Question 2 is 11 marks)




Platinum Mark Scheme

Q. Scheme Marks Notes
1@) | 35 416=9+x+1+6vx+1 Ml Initial squaring -
both sides
3+x=3Jx+1 (0.e.) Al
Correct collecting
9+6x+x"=9(x+1)  or y=vx+1>3TQin 11\(111 of terms
y o .
B1 (5) | 2"“ squaring
x*=3x=0 or (y-2)(y-1)=0 oe.
(b) x=0o0r3 B1 Both values
(S+ for checking
Llog, x = log, Jx Ml values)
-7
log;(x=7)= 1og, /x =log, XT For use of nlogx
. M1A1 | rule
So 2x-14=3x (0.e. all x terms on
same line) M1 For reducing xs to
2 ingle 1
2(\/;) 3x14=0 a single log
B _ M1 for getting out
(2\/; 7)(\/;+2)_0 Al of logs
7 A1 for correct
V= 2 2 A1 (7) | equation
49
A [12] Attempt to solve

suitable 3TQ in x
or vx

Either solution for
Jxor x. Must be
rational a/b

49/4 oe only
(S+ for clear
reason for
rejecting x = 4)




Qu Scheme Mark
2@) |log, y=k=x"=y = y"=..or log, " =nk=>y" =..or base change | M1
n k
y' = (xk) =x" = (x") therefore log , y" =k=log vy (¥ Alcso
()
(®)(@) | LHS = 4log, u M1
slog,u=2 so u=2" Al
2)
() | jog, v* +log, v} +log, v +log, v or log, v+log, v: +log, v’ +log,v' | Ml
) = log,,v* = Mi
log, v
so v=2%= ﬁ Al
3)
— 3x2
i) | LHS = log, w+— MI
og, w
Sub t=log, w gives t*-5t+6=0 or (t-3)(t-2)=0 Ml
log,w=2=>w=2" and log,w=3=>w=2" (accept4 and 8) Al,Al
4
11
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