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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 oz
Calculators may not be used g

The total mark for this section is 25

Q1

Find the exact solution to the equation
Inx+In3=In6,

(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 ?=38
3
(b) n(2y+5)=2+1In(4—y)
“)

(Total for Question 4 is 7 marks)
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Q5

Given that
2logy (x +15) — logox =6
(a) Show that
X2 —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 @ when =0

ey
Given that the temperature of the water in the kettle is 70°C when ¢ = 40,
(b) find the exact value of A, giving your answer in the form thQ , where a and b are
integers.
(C))

(Total for Question 6 is S marks)




Bronze Mark Scheme

Q1.
gﬁ::: Scheme Marks
f k- Fi .|
In3x=Iné or Inx=In %| or]nl%[:f} Ml
x=2 (onlyithus mswér] o Al (cso) (2)
{2 marks)

Notes: (a) Answer x = 2 with no working or no mcorrect working seen: MI1A1

Note: x=2 from In:r=% =In2 MOAOD

Inx=In6-In3 = x =¢ ®-59 allow M1. x=2 (no wrong working) Al







Scheme

Graphof y=3" andsolving 3 —9(3")+18=0

At least two of the three cnitenia correct.

(See notes below.)

All three cntena correct.
(See notes below.)

Criteria number 1. Correct shape of
curve for x 2 0 and at least touches the
positive y-axis.

Criteria number 2: Cormrect shape of
curve for x < 0. Must not touch the x-
axis or have any tuming points.
Criteria number 3: (0, 1) stated or n
a table or | marked on the y-axis.
Allow (1, 0) rather than (0, 1) of
marked i the “correct” place on the y-
axis.

2]
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Q3.

Question
Number

Scheme Marks

(x-2)=3" (x-2)=3"or{ | Ml oe

x{=}+2}=24 2§m}mz.§orawn2.33 Al
2]

Ml: 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.

Eg2: log,(x - 2)=~log,(3)= log,(x — 2) + log;(3) =0 = log,(3(x-2))=0
= 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= log,(-ﬁ-): -1 ¥ = 3* would score MO for mcorrect use of logs.

D8 =2) ot s gy lr- Dlon: om0y 4 B3 =0
logy, 3

= log,,3(x —2)= 0 = 3(x-2)=10°. , pownt M1 1s scored.

A correct answer in (b) without any worku es MIAL




Q4.

Q_uestion Scheme Marks
Number
(a) e’ =8=3x-9=In3 Mt
O Al Al
(3)
(b) In(2y+5)=2+In(4—-y)
(2y+5)
In| = ) =9 M1
L 4=y J
[ -\| ! M1
=e
'\, 4- Y J
2 - - 2 4e2 — 5
2y+S=e(4—y)=>2y+e’y=4e -5=>y= = dM1, Al
(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

9
Al A correct unsimplified answer ln83+ 2 or equivalent such as Inge 3+ ln( «’/8- ) %+ 3 oreven 3.69

Al csoln2+3. Accept In2¢’

3x

e =8= e_g =8=>¢" =8¢’ = 3x=1In(8¢" ) for M1 (Condone slips on index work and lack of brackef)
e

AltII (a)
e =R =>x-3 =1n(3/§) for M1 (Condone slipsonthe 9. Eg & =2=>x-9=In2)

Ml  Uses a correct method to combine two terms to create a single In term.
5 : (2y+5
Eg. Score for 2+In(4—y)=In(e’ (4—_)-‘)) or mn(2y+35)—In(4—y)= hll = ]
| i

Condone slips on the signs and coefficients of the terms, but not on the e?
Ml Scored for an attempt to undo the In's to get an equation 1 y This must be awarded after an attempt to combine

the In terms. Award for In(g(3)) =2 =>g()) =" and can be scored eg where g(3)=2y+5—(4—y)
It cannot be awarded for just 2y +5 =e* +4 —y where the candidate attempts to undo term by term

dM1  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 y =. Condone slips, for eg, on signs. y =2.615 scores this.

4e’ -5 : 13
Al y= = — or equivalent suchas y=4- = ISW after you see the correct answer.
2+e” 2+e’
. 2y+5 2y 2
Special Case: In(2y+3)—-In(d4—-y)=2= %—_—lr’)}- =2 j_+1,5 =e” = Correct answer score M0 M1 M1 A0
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Q5.

Question

s Scheme Marks
(a) 2log(x +15) = log(x +15)° Bl
2 x+15 3
log(x+ 15) - log 1= logM Correct use of loga—logh = 1og% M1
X
2* =640r log,64=6 64 used n the correct context Bl
; 2 15\
log, L) 6> Lz ol =64 | Removes logs cormectly M1
X X
= X" +30x+225=64x Must see expansion of (x+15)" to
orx+30+225x7 = 64 score the final mark.
5at —=34x+225=0* Al
)
M1: Correct attempt to solve the given
(b) (x-25x-9)=0=>x=250rx=9 |quadraticasfarasx=_. M1 Al
Al: Both 25 and 9
(2)
7]




Qe.

g;::;;i? Scheme Marks
; Bl
(8 =)20
Sub¢=40.8=70= 70=120—100e -*"
= g 55 M1A1L
In2
A=
—= 0 h1A1
(4)
Alt(h) [Subs= 40,8 = 70 = 100e —*“'= 30
= In100—404i=1In50 MI1AL
In100—1n50 In2
A —
= 0 T MIAL
(4)

(a)
Bl

(b)
Ml

Al
M1

Al

Sight of (6=)20

=402

Sub t=40.§=70= 70=120-100e"*’ and proceed to ¢™*"* = 4 where 41sa

constant. Allow sign slips and copying errors.
-0 :
€ =B ore® =2 or exact equivalent

For undoing the e's by taking In's and proceedmng to A =..
n0.5

May be implied by the correct decimal answer awrt 0.017 or i =

9
csSo ;_=&

40
Accept equivalents in the form El;i a.beZ suchas ji= L;.Oi



X

Silver Questions oz
Calculators may not be used g

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) 3% = ¢

“)

(Total for Question 1 is 6 marks)

Q2

A student was asked to give the exact solution to the equation
224 _9(2) =
The student's attempt is shown below:
224 _9(2%) = ()
22 +24-9(2% =0

Let 2*=y

yP -9y +8=0
v-8-D=0
y=8ory=1

Sox=3o0rx=0

(a) Identify the two errors made by the student.
(2)
(b) Find the exact solution to the equation.

2

(Total for Question 2 is 4 marks)
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Q3
(a) Given that
2log,(x-5)-log,(2x-13) =1

show that x> — 16x + 64 = 0.
5)

(b) Hence, or otherwise, solve 2log,(x—5)—log,(2x-13)=1

2

(Total for Question 1 is 7 marks)

Q4

Given that a and b are positive constants, solve the simultaneous equations
a=3b,
logsa + logzb = 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

“)

(Total for Question 5 is 5 marks)
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Silver Mark Scheme

Q1.
Question
A Scheme Marks
(a) 2In2x+1)-10=0=>(2x+1)=5 = 2x+l=€"=>x=_. M1
5
=x= ¢l Al
2
(2)
(b) 3e* =¢' > In(3%e*) =Ine’
In3*+Ine” =lne’ = xln3+4xlne=7lne M1.M1
x(n3+H=T=>x=_.. dM1
7
X = o¢
(n3+4) &
(4)
6 marks
Alt1 i i . e
(b) 39‘ =e’§3 =e"’
3= = xln3=(7-4x)ne MI1.MI
x(In3+4)=7=x=__. dM1
xX= 7 Al
(In3+4)
4
A:;: 3¥e* =¢” = log(3*e*) =loge’
Ll:';sg log3* +loge™ =loge’ = xlog3+4xloge = 7loge Ml1. M1
x(log3+4loge)=Tloge=>x=.., dM1
Tloge
(log3+4loge)
“4)
7
A::Jf 3xe«|x = e? - 31 =_e;.
l‘.Sing X T-4x 5
log, 3 =" = x=(7-4x)log, e M1M1
x(1+4log;e)=Tloge > x=.. dM1
Tlo
x=— OB3€ Al
(1+4log;¢)
)
‘A::); 3xe4x = e‘! - eﬂnBeu = e‘7
Using e e’ S xln3+4x=7 M1.M1
3=t (n3+4)=7 i dM1 Al
== X + =/=DX=... X=——
(In3+4)
(4)
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(a)

M1  Proceeds from 2In(2x +1)—10 =0 to In(2x +1) = 5 before taking exp's to achieve x in terms of ¢’
Accept for M1 2In(2x+1)-10=02> In(2x+1) =52 x=f(e°)

Alternatively they could use the power law before taking exp's to achieve x in terms of Ve'
2In(2x+1)=10= ln(l’.J\H»l)2 = lO:(.—’.x+l)2 = = x=g(s/e” )

s 5
e - iy : & 3 g
Al cso. Accept x= or other exact simplified altematives such as x= ey Remember to isw.

The decimal answer of 73.7 will score M1AO unless the exact answer has also been given.

\/e!u -1 e’ -1

2

The answer 1s M1AO

does not score this mark unless simplified. x = =

(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.
7 g
e g 5 :
In—= Ine’ —Ine* or 3¥e* =’ = 3* = % = 3% = o' s evidence of the subtraction law
¢ e

T—4x )

M1  Uses the power law of logs (seen at least once in a term with x as the index Eg 3%, ore
In3"+lne** =lne”’ = xIn3+4xlne= 7lne is an example after the addition law
R xlog3 =(7—-4x)loge1s 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'e™ =¢’ = In(3") xIn(e™)=Ine’ = xIn3x4xlne=7Ine

dM1  This 1s dependent upon both previous M's. Collects/factorises out term in x and proceeds tox = .
Condone sign slips for this mark. An unsimplified answer can score this mark.

; ; 7 ;
Al If the candidate has taken In’s then they must use Ine =1and achieve x = Ww3ed) or equivalent.
+
If the candidate has taken log’s they must be writing log as oppose to In and achieve
Tloge Tloge

or other exact equivalents such asx =

r=— ;
(log3+4loge) log 3¢*



Q2.

Question Scheme Marks | AOs
@) 2% +2* is wrong in line 2 - it should be 2** x2* B1 23
In line 4, 2* has been replaced by 8 instead of by 16 B1 23
(&)
(b) Way 1 Way 2
274 -9(2%) =0
~ ’x - 2 — oY —X 2 =
2"x24—9(2‘)=0 (2x+4)]log2—log9—xlog2=0 - 51
Let 2"=y
16y* -9y =0
y=% or y=0
J 16 2 1 : . 10g9 Tes
(8} _— A = - -
So x =log, (&) or 8l log?2 Al 1.1b
- log?2
o.e. with no second answer.
2)
(4 marks)
Notes
(a) B1: Lists error 1n line 2 (as above)
B1 : Lists error in lme 4 (as above)
(b) M1: Correct work with powers reaching this equation
Al : Correct answer here — there are many exact equivalents




Q3.

m:: Scheme Marks

(a) 2log;(x—-35)=log;(x-5)* B1

(x-35)° i
2x-13
log, 3 =1 seen or used correctly B1

log;(x - 5)2 —log;(2x~13) =log;

2x—13
¥ —16x+64=0 ) Alcso

log3[§]=l = P=30 {M=s = (x—5)2=3(2x-1s)} M1

(5)

(b) (x-8)(x-8 =0 = x=8 Must be seen in part (b). M1 AT

Or: Substitute x = 8 into original equation and verify.

Having additional solution(s) such as x = -8 loses the A mark.
x =8 with no working scores both marks. 7

(2)

(a) Marks may be awarded if equivalent work is seen in part (b).

log,(x—S)z
log;(2x-13)

Ist M: log,(x—S)2 ~log;(2x-13)= is MO

—5
= s MO

2log;(x—5)—log,(2x—13) = 2log T
2x-

2™ M: After the first mistake above. this mark is available only if there is ‘recovery” to the required

log3(-§-] =1 = P=30. Even then the final mark (cso) 1s lost.

log,(x— 5)2 _(x= 5)2
log;(2x-13) 2x-13
A typical wrong solution:

will also lose the 2™ M.

‘Cancelling logs’. e.g.

(x-5)° (x-5)° (x-5)° 2. 5o
1 =1 fog, ~—t—=3 2T -3 = -5 =302x-13
o8 x—13 Bl =" 13 =)= A1)
v\#

(Wrong step here)
This. with no evidence elsewhere of log, 3 =1. scores B1 M1 B0 M0 A0
x=52_, _ -5

However. log, =3 15 correct and could lead to full marks.

2x-13 2x~-13
(Here log; 3=1 is implied).
No log methods shown:

It is not acceptable to jump immediately to % =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.

S“u;:;‘:"" Scheme Marks
r — +2
(a) | Way 1:log;(9x)=log; 9+log; x or Way2: log,(9x) = log,3° s
= 2 +a = 2 +a Al
@)
(b) el ; 3%
Way 1:log, (aJ =log; x" —log; 81 |or Way2 = log, oz M1
- o -
log x” = Slog x or log81=4log3 or = log, 3% M
log81=4
Al cso
=8 —
Sa—4 3)
&
(©) log, (9x)+ log.| —|=3
81
Method 1 Method 2
: <
=2+a+5a-4=3 log; 9.1.;1- = (3 or log27) M1
5 o
=a=— log, z =3orlog 27 Al
6 9
s ¢
=x=3% or log,x=alog,,3sox= I N R S Mi
9
x=2498 or awrt x=2.498 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 =23 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 numerator and denominator
M1: Subtracts powers
Al: No errors seen
(c) Method 1: M1: Uses (a) and (b) results to form an equation in a (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=2.498 (accept answer which round to this value from 2.498049533...)
Method 2: M1: Use of log(ab) = log(a) + log(b) i an equation (RHS may be wrong)
Al: Equation correct and sumplified
M1: Tnes to undo log by 3 to power correctly, and uses root to obtamn x
Al:x = 2,498 (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) eg. logsab=2 M1
Substitution of 34 for a (or a/3 for b) eg logs3b'=2 M1
Using base correctly on correctly derived logzp=q e.g. 3% =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 =3V3 or\27 [Al
Method 2 (Working with two equations in log;a and logab)
“ Taking logs” of first equation and * separating” log,a =log;3+log;5 Ml
(=1~ log;d)
Solving simultaneous equations to find log ;aorlog 2 & M1
[logsa= 1%, log;b=2]
Using base correctly to find a orb M1
Correct value for aor b a=3V3 or b=%3 Al
Correct method for second answer, dep. on first M; correct second answer MI1:A1[6]

[lgnore negative values]




Notes:

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,

(ii) Second M1: substitution of a= 35,

(iii) Third M1: requires using base correctly on correctly derived loga p=q

Three examples of applying first 4 marks in Method 1:

(i) log;3b +log;b=2 gains second M1
log;3+log; b +log;6=2 gains first M1
(2log; b =1, log; b = ¥2) no mark yet

o gains third M1, and if correct A1
(i) log;(ab)=2 gains first M1
ab = 3? gains third M1
3p* =32 gains second M1
(in) log, 3% =2 has gained first 2 M marks

= 2log,3b =2 or similar type of error
= log;3b =1 = 3b =3 does not gain third M1, as log,35 =1
not derived correctly




Q5

Question Scheme Marks
Number
(a) p=7.5 B1
(1)
(b) 2.5 = 7.5¢7%k M1
1
=)
g T3 M1
=] 5
—4k =In(3) dM1
—4k = —In(3)
1
= 2111(3) Al#
See notes for additional correct solutions and the last Al
(4)
5 Marks




Gold Questions oz
Calculators may not be used g

The total mark for this section is 30

Q1
(a) Find the positive value of x such that
log 1 64=2
(2)
(b) Solve for x
loga (11 —6x)=2logo (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 S marks)

Q3

(1)
2log(x + a) = log(16a®), where a is a positive constant

Find x in terms of a, giving your answer in its simplest form.
(&)
(ii)
logs(9y + b) — logs(2y — b) = 2, where b is a positive constant

Find y in terms of b, giving your answer in its simplest form.

(C))

(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+1log, 16 _ log, x
log, x
)

(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", tell,r...0
(a) Write down the number of rabbits that were introduced to the island.

(O))

(b) Find the number of years it would take for the number of rabbits to first exceed
1000.

2

(Total for Question 5 is 3 marks)




Gold Mark Scheme

Q1.
Question
Humt Scheme Marks
@ | 1og, 64=2 = 64=4° M
Sox=8§ Al (2)
) | log, (11-6x)=log, (x~1)° +3 M1
11-6
€3 >1=3 "
(x-1)
"‘6’;32’ M1
(x-1)
{11-6x=8(x" ~2x+1)} and s0 0=8x" ~10x~3 Al
dmit
O=(4x+1)(2x~3) =>x=_.
3[ l] Al (6)
!=‘;. “z
- (]
(8) | M1 for getung out of logs
Al Do not need to see x = -8 appear and get rejected. Ignore x = -8 as extra solution.
x= § with no workang 1s M1 Al
(®) | 1* M1 for using the nlogx rule
Z‘Mlfama'ngtbcloy-logvmlcottbclog+lop-nﬂeasww
3" M1 for using 2 to the power— need 10 see 2* or 8 (May see 3 =log, 8 used)
If all three M marks have been earned and logs are still present m equation
doaotgiwfmlMl.Sowludonstoppiuulog,[”—f;;]dogﬁ would cam
x-
MIMIMO
1" Al for a correct 3TQ
4® dependent M1 for attempt to solve or factorize their 3TQ 1o obtain x = (mark
on three previous M marks)
Al for 1.5 (ignore -0.25)
s.c 1.5 only - no working - 15 0 marks
(2) | Altematives
Chngcbase:(i)-‘-;’:;—“:nlsobg,xxiimd ¥=2", sMlor
:x

() %{%d. log x=+log64 sox= 64'is M1 thenx =S is Al
]
BUT logx=0903 sox = 8 1s M1AO (loses accuracy mark)

(i) logy, x =4 sox = 64 is M1 then x = 8 is Al




Q2.

ey Pl —

Take log.’s to give  In2*+Ine®™™ =In10 Mi
xIn2+(3x+1)lne=In10 M1

x(In2+3Ine)=In10—Ilne=> x=.. dMm1

and uses lne = 1 M1
L _—l+Iio Al

3+In2
(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 1s taken to the other side
it can be awarded for taking logs of both sides and using the subtraction 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 taken Below 1s an example of MOM1

In2*xlne™ =In10= xIn2x(3x+)lne=1n10

dM1  Ths 1s dependent upon both previous two M’s bemg scored. It can be awarded for a full method to
solve their linear equation in x. The terms 1n x must be collected on one side of the equation and factonised. You
may condone ships m signs for this mark but the process must be correct and leading tox = ..

M1 Uses In e = 1. This could appear m line 2, but it must be part of their equation and not just a
statement.

Another example where it could be awarded 15 e =lg-=> 3x+1=_.
2

~1+In10 _[}nIO—l)_ log,10-1
3+ln2 3+In2 3+log,2

Al Obtains answer Y = ]oe. DO NOT ISW HERE

Note 1: If the candidate takes logio 's of both sides can score MIM1dM1IMOAO for 3 out of 5.

Answer= x =

—~loge+logl0 _( —loge+1 ]

3loge+log2 3loge +log2

—1+1logl0
3+log2
the last A1 mark, scoring 4 out of 5.

Note 2: If the candidate writes x = without reference to natural logs then award M4 but with hold




Question

Number Scheme Marks
Alt 1
to (b)
Writes lhs ine’s 2'e™ =10= ™% =10 1* M1
== 10 xIn2+3x+1=ln10 | 2%¥M1, 4EM1
x(In2+3)=In10-1=> x=.. dM1
- —1+In10 At ®)
3+In2 i

Notes for Question Alt1

Mi Writes the Ihs of the expression in &’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 1n x

You may condone slips in signs for this mark but the process must be correct leading to x= .

M1 Uses In e = 1. This could appear in line 2




Q3.

9}:;::1 Scheme Marks
@) Use of power rule so log(x+a)” =logl6a® or 2log(x+a)=2log4a or
' Ml
log(x +a) =log(16a°)*
Removes logs and square roots, or halves then removes logs to give (x+a)=4a’ -
Or x* +2ax +a’ —16a® = 0 followed by factorisation or formula to give x=4+/16a° —a )
(x=) 4a’ —a (depends on previous M’s and must be this expression or equivalent) Alcao
; 3
(1 9v+b ' ; ;
Wav 1 0g; ﬁ =2 Applies quotient law of logarithms | M1
o ,_J,‘ —
Oy+b) ., A
.l it SO Uses log; 3" =2 | M1
2y-5) -
Multiplies across and makes y the
b — ) o— ) = Z IAY
Oy+b)=92y-b)=> cubiect | 1
s 1] Alcso
S g )
Way2 | Or: log;(9y+b) =log; 9+log;(2y—b) 2% M mark | M1
log;(9y +b) =log; 92y —b) 1% M mark | M1
Oy+b)=92y-b)=>y= % b Multiplies across and makes y the subject I.»fllcso
)
[71
Notes
(1) 1* M1: Applies power law of logarithms 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 4@’ for Method mark. Also allow
x+a=4a* or x+a=% 4a> oreven x+a =164’ as there is evidence of attempted square root.
May see the correct x +a = 10829 5 x = —q +10%229) which gains M1AO unless followed
by the answer in 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) M1: Applying the subtraction or addition law of logarithms correctly to make two log terms

into one log termin y

MI1: Uses log; 3¥=2

3" M1: Obtains correct linear equation in y usually the one in the scheme and attempts y =
— 10

Alcso: y=-5b or correct equivalent after completely correct work.

Special case:

w = 2 15 MO unless clearly crossed out and replaced by the correct log, M =
log, (2 —5) )

Oy +d)
(2y-b)
the answer requires a completely correct solution.

2

Candidates may then write =3 and proceed to the correct answer — allow MOM1MIAQ as

@ Pearson



Q4.

Question
Niniber Scheme Marks
Q (a log;y=-3 = yp=27 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=09log,2]
1 32 6 i 512
[or log, 32 = —2272 or log, 16 =02, 16 or log; 512=—28-"2]
og,, 2 0g;; 2 log,; 2
log; 32 + log, 16=9 Al
(logx)* =... or (logx)(logx)=.. (May not be seen explicitly. so M1
M1 may be implied by later work, and the base may be 10 rather than 2)
log,x=3 = x=2"= 8 Al
log;x=-3 = x=2" =-l- Alft (5)
B (7]
(a) | M1 for getting out of logs correctly.
If done by change of base. log,, ¥ =-0.903... is insufficient for the M1, but y =107*
scores M1
Al for the exact answer. ¢.g. log,, ¥y =-0.903 = y=0.12502.. scores M1 (implied) AO.
Correct answer with no working scores both marks.
Allow both marks for implicit statements such as log, 0.125= -3,
(b)

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" A1 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 A1 for 8 (exact). Change of base methods leading to a non-exact answer score A0,

3 A1t for an answer of

. An ft answer may be non-exact.

their 8
Possible mistakes:

log,(2°)=1log,(x’) = x* =2 = x=... scores M1A1(implied by 9)MOAOAO
log, 512 =log, xxlog, x = x* =512 => x=.. scores MOAO( never seen)M1A0AQ
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 Al AD




Qs.

= — =
Q P =80e*
(@) | r=0 = P=80e" = 80(1) = 80 80 | B1
(1)
s Substitutes P = 1000 and
(b) | P=1000 = 1000 =80¢" = —= = e’ rearranges equation to make ¢ the | M1
subject.
O 2 Sh(m]
80
awrt' Sh(%) years | A1
(2)
[3]




2

Platinum Questions -
Calculators may not be used g

The total mark for this section is 25

(a) Solve the equation
VBx +16) =3 +V(x + 1)
(5)

(b) Solve the equation

logs (x —7) — %log3x21—10g32

(7
(Total for Question 1 is 12 marks)

(a) Giventhatx>0,y>0,x# 1 and n > 0, show that

log, y=log , »"
()

(b) Solve the following, leaving your answers in the form 27, where p is a rational number.
(i) log,u+log,u’ +log,u’ +log, u'=5
(ii) log,v+log,v+log,v+log,v=>5

N 3log, 64 _
log, w

(i) log, w? 5

)
(Total for Question 2 is 11 marks)




Platinum Mark Scheme

Q. Scheme Marks Notes
1@) | 3x4+16=9+x+1+6yx+1 M1 | Initial squaring -
both sides
3+x=3Vx+1 (o.e.) Al
Correct collecting
9+6x+x"=9(x+1)  or y=+x+1>3TQin 2411 of terms
y nd .
B1 (5) | 2" squaring
x*=3x=0 or (y—2)(y—1)=0 o.e.
(b) x=0o0r3 B1 Both values
(S+ for checking
1log, x = log, Jx Ml values)
-7
log;(x—=7) - 1og, Vx = log, XT For use of nlogx
x MIA1 | rule
So 2x-14=3Jx (0.e. all x terms on
same line) M1 For reducing xs to
2 ingle 1
2(\/;) 35 _14=0 a single log
B _ M1 for getting out
(2\/; 7)(\/;4_2)_0 Al of logs
7 A1 for correct
V= 2 or =2 Al (7) | equation
49
Ty [12] Attempt to solve

suitable 3TQ in x
or x

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, y" =nk = y" =..or base change | M1
V' = (x" )n =x" = (x" )k therefore log , " =k=log vy (*) Alcso
2)
(b)) | LHS = 4log, u M1
slog,u=2 so u=_2% Al
()
(i) | 1og,, v* +log, v’ +log, v’ +log, v or log,v+log, v’ +log, v’ +log, v* | Ml
) = log,,v* = M
log, v**
so y=2%= 2_% Al
3)
Gii) | LHS = log, w+ ljgxzzw MI
Sub t=log, w gives t* =5t+6=0 or (t-3)(t-2)=0 M1
log,w=2=>w=2" and log,w=3=>w=2’ (accept4 and 8) AlAl
“4)
ar)




