Exponentials and Logarithms- MS
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1.
(uestion Scheme Marks Als
T(a) | Uses amodel V' = de™ oe (See next page for other suitable models) M1 33
Eg Substitutes t =01 =20 000 = 4 = 20000 M1 L1k
Eg. Substitutes t = 1,1 = 16000 = 16000 = 20000e ™ =k =.. dM1 3.1b
’ — 0000 "2 Al .1k
4)
(b) | Substitutes r =10 in their " =20000e """ = =(£ 2150) Ml 34
Eg. The model 15 rehable as £2150 = £2000 Al 35a
(2)
(€) | Make the "—0.223" less negative. Blft 13
Alt: Adapt model to for example )7 = 15000 - + 2000
(n
{7 marks)

{a) Option 1
MI: For I' = 4¢* Do not allow if & is fixed, e k==05
Condone different variables V& v 43 X for this mark, but for Al F and ¢ must be used.
M1: Substitutes § = 0=+ 4 = 20000 into their exponential model
Candidates may start by simply writing [ = 20000 which would be M1 M1
dM1: Substitutes = 1= 16000 = 20000e " = k = ..via the correct use of logs.
It 15 dependent upon both previous M s
Al: V' =20000e " (with accuracy to at least 3sf) or F = 20000e"™""
A correct linking formula with correct constanis must be seen somewhere in the question
(b)
M1: Uses a model of the form V' = Ae™ 1o find the value of I when ¢ = 10.
Alternatively subsiituies [ = 2000 into their model and finds ¢
Al: This can only be scored from an accepiable model with correct constanis with accuracy o at least 2sf.
Compares 1= {£) 2150 with (£) 2 000 and states "reliable as 2150 = 2000 " or "reasonably good as they
are close”™ or "OK but a limle high".
Allow a candidate to argue that it 1s unreliable as long as they state a siitable reason. Eg. **I 15 too far
away from £2000°" or **It is over £100 away, so it is not good™”
Do not allow **it 15 not a good model because it 1s not the same™
In the alternative it 15 for comparing their value of ¢ with 10 and making a suitable comment as to the
relibility of their model with a reason,




V =20000e "7 = 2000 = 20000e "7 =1 =10.3 years.
Deduction Reliable model as the time 1s approximately the same as 10 years. A candidate can argue that
the mode] 15 unreliable if they can give a suitable reason.
(<)
BIft: Fora correct statement. Eg states that the value of their * —0.223 " should become less negative.
Alt states that the value of ther *0.223" should become smaller. If they refer to & then refer to the model and
apply the same principles.
Condone the fact that they don’t state their ~0.223 doesn’t lie in the range (—0.223,0)
(a) Option 2
M1: For V = Ar' or equivalent suchas V' = kr'™"
Condone different variables }' «» v <3 x for this mark, but for Al "and ¢ must be used.

4
M1: Uses £ =0 =>4 =20000 in their model. Alternatively uses (0,20000) and (1,16000)to give r = 3 %

You may award if one of the number pair (G.,2000ﬂ} or (1,160[}0} works in an allowable model
dM1: 1 =1=16000=20000r" =>r=.. Dependent upon both previous M’s

4
In the alternative it would be for using r = S with one of the points to find 4 =20000

You may award if both number pairs (0,20000) or (l, 16000] work in an allowable model

Al: V7 =20000%0.8 Note that ¥ =20000x1.25" ¥ =16000x 0.8 and is also correct

(b)

M1: Uses a model of the form V' = A’ oe to find the value of ' when ¢ = 10. Eg. 20000x0.8"
Alternatively substitutes }”=2000 into their model and finds ¢

Al: This can only be scored from an acceptable model with correct constants also allowing an accuracy to 2sf.
Compares (£)2147 with (£) 2 000 and states "reliable as 2147 = 2000 " or "reasonably good as they are
close” or "OK but a little high".
Allow a candidate to argue that it is unreliable as long as they state a suitable reason. Eg. **It is too far
away from £2000°" or **It is over £100 away, so it is not good™”
Do not allow ‘it 1s not a good model because it 1s not the same™’

(c)

BIft: States a value of  in the range (0.8,1) or states would increase the value of "0.8"
They do not need to state that "0.8" must lie in the range (0.8, 1)

Condone increase the 0.8. Also allow decrease the "1.25" for 17 =20000x1.25™
(a) Option 3
M1: They may suggest an exponential model with a lower bound. For example, for /' = Ae™ +2000 The
bound must be stated but do not allow k to be fixed . Allow as long as the bound < 10 000
Ml: t =0,/ =20000 = 4 =18000

dM1: 1 =1,V =16000=16000=2000+18000¢"* =k =..  Dependent upon both previous M’s
Al: V =18000xe™*" +2000
(b)

M1: Uses their model to find the value of I when r = 10.
Alternatively substitutes " = 2000 into their model and finds ¢



Al: For V' =18000x¢" """ +2000 = £3462.83 Deduction: Unreliable model as £3462.83

1s not close to £2 000 This can only be scored from an acceptable model with comrect constants

(c)

Bl: States make the value of k or the —0.251 greater (or less negative) so that it lies in the range (—0.25 1, D)

Condone ‘make the value of k or the —{).251 greater (or less negative)’
It is entirely possible that they start part (a) from a differential equation.

MI: clli:kp'jj’dl_'::jm::.lnr«':m+c MI: 1n20000=c

s
. , 5
dM1: Using t =1, =16 000= k =.. Al: InV=-In 1 t + In 20000
Question Scheme Marks AOs
9a
@) States loga—logh= lug% Bl 1.2
a ]
Proceeds from E:a—b—) ...... > ah—a=# M1 l.1b
bl 3 bz
rrb—a:b'—>a{b—l]=b':§-n=b_l * Al* 2.1
(3)
(b) States either b>1
B Bl 2.2a
or  b=1 with reason 5.1 is not defined at b=1 oe
. b
States b >1 and explains that as a::-l'l::-ﬁ}ﬂl:}b::-l Bl 24
(2)
(5 marks)

(a)

B1: States or uses loga—logh= log% . This may be awarded anywhere in the question and may be  impliec

by a starting line of % = a—hoe. Alternatively takes log b to the rhs and uses the addition law

loga
logh

log(a—b)+logh=1log(a—b)b. Watch out for loga—logh= =log [%]which could score 010

M1: Attempts to make “a " the subject. Awarded for proceeding from z= @ — b to a point where the two terms

b

in a are on the same side of the equation and the term in b is on the other.



2
Al*: CS0. Shows clear reasoning and correct mathematics leading to a = -1 Bracketing must be corn

2

Allow a candidate to proceed from ab—a=5b" to a = o1 without the intermediate line.

(b)
B1: For deducing h=1 as g —» o0 oe such as "you cannot divide by 0" or correctly deducing that h=>1.
They may state that b cannot be less than 1.

2

b .
B1: For b =1 and explaining thatas a = 0= -1 =0=b=1 (as b is positive)

As a minimum accept that b > 1 as a cannot be negative.
Mote that @ > b > 1is a correct statement but not sufficient on its own without an explanation.

Alt (a)
2

Note that it is possible to attermpt part (a) by substituting a = 371 into both sides of the given identity.

2 2
loga-logh=log(la-b)= lﬂg(%] —logh= lﬂg[%—b]

B1: Score for lng[%]—]c}gb — ]Dg(%)

z 3 s
b —b as a single fraction b b= b —b(b-1)
b1 h—1 b1

Allow as two separate fractions with the same common denominator

MI1: Attempts to write

b
Al*: Achieves lhs and rhs as log [ﬁ} and makes a comment such as "hence true”
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3.

Question Scheme Marks Al
12 (a)
(i) Method to find p Eg. Divides 32000 = Ap® by 50000 = Ap"'
3.1
;50000 50000 M "
P =33000 — F " Y32000 "
p=1.0658 Al Llb
(ii) Substitutes their p =1.0658 into either equation and finds 4
32000 50000 M1 LIb
.4=—4 of A= ——=
1065 1.0658'
A=24795 — 24805= 24 R00 * Al* LIb
4
(b) A/ (£)24800 is the value of the car on 1st January 2001 Bl 34
p /10638 is the factor by which the value rises each year. Bl 1.4
Accept that the value rises by 6.6 % a vear (T on ther p)
i)
© | Atempts 100000 ='24800%'1.0658"
. 100000 14
' P bichaiushahd M1 :
10658 24800
100000
I=]ﬂg|&‘h‘h[—24ﬁm dM1 1.1k
&
f=2180r219 Al LIb
cs0 2022 Al 3.2a
i4)
(10 marks)
(a) (i)

M1: Attempts to use both pieces of information within V' = Ap’, eliminates 4 correctly and solves an

equation of the form p" =k to reach a value for p.

Allow for slips on the 32 000 and 50 000 and the values of 1.
Al: p=awrt 1.0658

Both marks can be awarded from incorrect but consistent interpretations of £. Eg.

32000 = Ap®, 50000 = Ap"




(a)(ii)
M1: Substitutes their p =1.0658 into either of their equations and finds A

~ 32000 50000

= 7 or 4= 7
1.0658 1.0658
A1%: Shows that 4 is between 24 795 and 24 805 before you see © =24 800" or ‘= 24800 °. Accept with or

without units.
An alternative to (ii) is to start with the given answer.

MI1: Attempts 24800x'1.0658" 2{3200'0.34)
Al: 24800 1.0658", achieves a value between 31095 and 32005 followed by ~ 32 000 hence .4 must be
=24 800
(b)
B1: States that 4 1s the value of the car on 1st January 2001.
The statement must reference the car, its cost/value, and 0" time
Allow 'it is the initial value of the car" "it is the cost of the car at 1 = 0" "it is the cars starting value"
B1: States that p is the rate at which the value of the car rises each year.
The statement must reference a yearly rate and an increase in value or multiplier.
They could reference the 1.0658 Eg "The cars value rises by 6.5 % each year."
Allow "p is the rate the cars value is rising each year" "it is the proportional increase in value of the car
each year" "the factor by which the value of the car is rising each year” “its value appreciates by 6.5%
per year’ Allow * the value of the car multiplies by p each year’
Do not allow "by how much the value of the car rises each year " or "it is the rate of inflation"

Eg but you may follow through on incorrect equations from part (i)

()
M1: Uses the model 100000 ="24800"%"1.0658" and proceeds to their '1.0658" =k

Allow use of any inequality here.
dM1: For the complete method of (1) using the information given with their equation of the model and (11)

translating the situation into a correct method to find 'f
100000
24800 ) *°

Al: States in the year 2022. A candidate using a GP formula can be awarded full marks

Allow different methods in part (c).

Eg Via GP a formula

MI1: 24800x'1.0658" " =100000='1.0658"" ' =K

dM1: Uses a correct method to find n.

A2:2022

Via (trial and improvement)

M1: Uses the model by substituting integer values of ¢ into their } = Ap'so that for # =n, } <100 000 or
t=n+1,V>100000

(So for the correct 4 and p this would be scored for r =21,/ =£95000 or r=21F =£101 000
dM1: For a complete method showing that this is the least value. So both of the above values

Al: Allow for 22 following correct and accurate results (awrt nearest £1000 is sufficient accuracy)

Al: As before

Al: (I):awrt 21.80r21.9 or loglmss(
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4.
Question Scheme Marks | AOs
4(a) | (£)18000 Bl 34
(1)
(b) L dr 025 M1 3.1b
Sets —3925¢ "' =500 =>3925¢ **" =500 * cso Al* | 34
(ii) e BT =0.127...=-025T =In0.127... M1 l.1b
1'=8.24 (awrt) Al 1.1b
8 years 3 months Al 3.2a
(6)
(€) 2300 Bl 1.1b
(1)
(d) Any suitable reason such as
¢ Other factors affect price such as condition/mileage
¢ [fthe car has had an accident it will be worth less than the
model predicts Bl 3.5b
The price may go up in the long term as it becomes rare
£2300 1s too large a value for a car's scrap price. Most cars
scrap for around £400
(1)
(9 marks)




(a)

Bl: £18000 There 1s no requirement to have the units

(b)(i)
M1: Award for making the link between gradient and rate of change.

¥ i " ) V ;
Score for attempting to differentiate /" to % = ke ®* An attempt at both sides are

required.

For the left hand side you may condone attempts such as %

Al: Achieves % =-3925¢79% or %’IL =15700%—0.25¢ """ with both sides correct

Al*: Sets —3925¢ %7 =500 oe and proceeds to 3925¢ "7 =500
This is a given answer and to achieve this mark, all aspects must be seen and be correct.
! must be changed to 7' at some point even if just at the end of their solution/proof
SC: Award SC 110 candidates who simply write

—3925¢ 957 = 500 = 3925¢ "7 = 500 without any mention or reference to

4

Or 15700x-0.25¢ "> =-500=3925¢ ">’ =500 without any mention or reference to %—
(b)(ii)
MI1: Proceeds from e **" = 4, 4> Qusing In's to £0.257 =..
Alternatively takes Ins first 3925¢ %" =500 = 1n3925—0.257 =In 500 = +0.257 =...
but 3925¢ "% =500 = In3925x~0.257 =In500 = +0.25T =... is MO

1 20
Al. T— awrt 8.24 or —mm(m) AHOW [ = awrt 8.24

Al: 8 years 3 months. Correct answer and solution only
Answers obtained numerically score 0 marks. The M mark must be scored.

()
B1: 2300 but condone £2 300

(d)
B1: Any suitable reason. See scheme

Accept "Scrappage" schemes may pay more (or less) than £ 2 300.

Do not accept "does not take into account inflation”

It asks for a limitation of the model so candidates cannot score marks by suggesting other
suitable models " the value may fall by the same amount each year"
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5.
Question Scheme Marks | AOs
5(a) | Identifies one of the two errors
"You cannot use the subtraction law without dealing with the 2 first" Bl 273
" They undo the logs incorrectly. It should be x = 2’ =g
Identifies both errors. See above. Bl 2.3
(2)
(b) X’ 3
] _ | = 3 — =
0g, N 2lc:og_?(x]l 3 Ml 1.1b
3 2
x2=2° 0r%=2’ x=2 ML | 1.1b
x:[23)§:4 x=4 Al 1.1b
(3)
(5 marks)

(a)
B1: States one of the two errors.
Error One: Either in words states “They cannot use the subtraction law without dealing with the 2

first’ or writes ' that line 2 should be log, [IT] (=3)" If they rewrite line two it must be

X
correct. Allow ‘the coefficient of each log term is different so we cannot use the subtraction law’
Allow responses such as ‘it must be loig,:c2 before subtracting the logs’
Do not accept an incomplete response such as "the student ignored the 2". There must be some
reference to the subtraction law as well.
Error Two: Either in words states ‘“They undo the log incorrectly' or writes that ‘if log_x =3 then

x=2"=8" If it is rewritten it must be correct. Eg x = log,9 is BO

B1: States both of the two errors. (See above)

L‘“’y L&)

¥
)]

&
Fu‘.jL:LL -log,Jxz3
1994 (JJ;_) =3 Cases like these please send to review.
XL
L S e
i -»
10.3 [’_‘_-J_L_:J ) -

2L 3 Ri=
x*-EJxz0

(b)

M1: Uses a correct method of combining the two log terms. Either uses both the power law and the




(b)
M1: Uses a correct method of combining the two log terms. Either uses both the power law and the

subtraction law to reach a form log, [—J =3 oe. Or uses both the power law and subtraction to

Jx
reach él-a_g (x)=3
2 2

M1: Uses correct work to "undo” the log. Eg moves from log, (A;r")= b= Ax" =2"

This is independent of the previous mark so allow following earlier error.
Al: cso x=4 achieved with at least one intermediate step shown. Extra solutions would be A0
SC: If the "answer" rather than the "solution" is given score 100.

Question Scheme Marks AQOs
13(a) For a correct equationinporg  p=10** or g=10"" M1 1.1b
For p=awrt 63100 or g =awrt 1.122 Al 1.1b
For correct equations inpandg  p=10"*and g =10"" dM1 3.1a
For p=awrt 63100 and g =awrt1.122 Al 1.1b
“)
(b) (1) The value of the painting on Ist January 1980 Bl 34
(i1) The proportional increase in value each year Bl 3.4
2)
(¢) Uses 1" =63100x1.122* or logl" =0.05x30+4.8leading to V' = M1 34
= awrt (£)20[]0000 Al 1.1b
(2)
(8 marks)
Notes

(a) This is now being marked M1 A1 M1 A1 and in this order on e pen

M1: For a correct equation in porg This is usually p = 10** or g =10"" but may be
logg = 0.05 or logp = 4.8

Al: For p=awrt 63100 or g =awrt1.122

M1: For linking the two equations and forming correct equations in p and g. This is usually
p=10** and g =10"" but may be logg = 0.05and logp = 4.8

Al: For p=awrt 63100 and g =awrt1.122 Both these values implies M1 M1

ALT I(a)
M1: Substitutes =0 and states that log p =4.8
Al: p=awrt 63100

M1: Uses their found value of p and another value of ¢ to find form an equation in g
Al: p=awrt 63100and g =awrt1.122



(b)(@)
B1: The value of the painting on 1st January 1980 (is £63 100)

Accept the original value/cost of the painting or the initial value/cost of the painting
(b)(i1)
B1: The proportional increase in value each year. Eg Accept an explanation that explains that the
value of the painting will rise 12.2% a year. (Follow through on their value of g.)
Accept "the rate” by which the value is rising/price is changing. "1.122 is the decimal multiplier
representing the year on year increase in value"
Do not accept "the amount” by which it 1s rising or "how much" it is rising by
If they are not labelled (b)(i) and (b)(ii) mark in the order given but accept any way around
as long as clearly labelled "' p is............ "and g IS i
(c)
M1: For substituting =30 into }© = pg using their values for p and g or substituting 1 =30 into

log /= 0.05¢ +4.8 and proceeds to V/

Al: For awrt either £1.99 million or £2.00 million. Condone the omission of the £ sign.
Remember to isw after a correct answer
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7.

Question
Number Scheme Marks
7.(i) Use of power rule so log(x +a)’ =logl6a® or 2log(x+a)=2logda’ or Ml
log(x +a) =log(16a")
Removes logs and square roots, or halves then removes logs to give (x+a)= 4a’ A
Or x* +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
3)
(11) By +b) _ : i
Way 1 log, 2y-b) =2 Applies quotient law of logarithms | M1
Y-
Ov+b) .. 2
-7 Uses log, 3" =2 | M1
Q2y-b) &
, _ L L Multiplies across and makes y the
Oy+b)=92y-b)=y= subject | M!
» =10 Alcso
y=3 b )
Way2 | Or: log,(9yv+b)=log, 9+log,.(2yv-b) 2% M mark | M1
log,(9y +b)=log, N2y -b) 1* M mark | M1
10 - : M1
Qv+b)=92yv-b)= y= 5 b Multiplies across and makes y the subject Alcso
(4)
[7]




(i1)

Notes |
1" M1: Applies power law of logarithms correctly to one side of the equation
M1: Correct log work in correct order. If they square and obtain a quadratic the algebra should be

correct. The marks is for x+a =+16a° isw so allow x+a =% 4a" for Method mark. Also allow
x+a=4a' or x+a=+ 4a’ oreven x+a=16a’ as there is evidence of attempted square root.
May see the correct x +a = 10"5"7% g0 x = —g + 10"} which gains M1 A0 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.

MI: Applying the subtraction or addition law of logarithms correctly to make two log terms
into one log term in v

MI: Uses log, =2
3 MI1: Obtains correct linear equation in y usually the one in the scheme and attempts y =

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

Special case:

1 Sy +b Qv+b
M =2 is MO unless clearly crossed out and replaced by the correct log, u =2
log,(2y - b) Q2y-b)
. . By+b) L.
Candidates may then write ﬁ =3 and proceed to the correct answer — allow MOMIMI1AOD as
V-

the answer requires a completely correct solution.
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8.

Question )
Number Scheme Marks
- B0)f Two Ways of answening the guestion are givennpart ()L
(3b+1) (a—-2} ) . )

Way 1 log;[ = -1 or Iﬂg;[ =1 Applying the subtraction law of logarithms | M1
La—-2 \3b+1
3b+1_ o L ['rﬂ— 2)_ 3 Making a correct connection between | \
a—2 3 | 3b+1 log base 3 and 3 10 a power.
B chimetnt et S ey sty A
131
In Way 2 a correct connection between log base 3 and “3 to a power” is used before applying the
subtraction or addition law of logs
(1) Either log,(3b+1)—log,(a —2)= -log,3 or log,(3b+ 1) +log,3=log,(a —2) 2= M1
Way 2 | T e
log, (36 + 1) = log,(a — 2) —log, 3= Ing,[n ; 2] or  log, 33k + 1) = log,(a — 2) 1 M1
R I i
12922 p-L, 2
N N —
13]
Five Ways ol answering the question are given in part (i1)




(ii) 227 =T7(2)=0 Deals with power 5 correctly giving =32 | M1
Way 1
See also . - 7
common - gn o 2 = — 2= — or y= —orawrt0.219
approach 32 32 32 Al oe
below in
notes dM1
77 log(&) 7 A valid method for solving 2% = &
xlog2 = log J or x= =~ or x=log,| —
3210g2 ] 37‘ Or2" =k toachieve x =
x=-2192645... :mrl 2 ]9 Al
14]
Begins with 2“' = ?{2*} {l‘or Wa} 2 and Way 3} {@cc nmﬁ hclnw}
(11} Correct application of M
Way2 | or+5)log2=log7 +xlog2 e either the power law or addition law of logarithms |~ |
Correct result afier applying Al
S ____ the power and addition laws of loganithms. | * |
2xlog2 + Slog2=1log7 + xlog2
-5
= log7 — 5log2 Multiplies out, collects x terms to achieve x = ... | dMI
log2
x=-2Meess. o awa 219 AL ]
14]
Evidence of log, and either 2**** — 2x + 5 M
(ii) - i .
Way3 | ZFFo-loeTx e OE T2) 2 log, T loga(2) |
2x+5=log,7T +x oe. | Al
2x—x=log, 7 -5
T B Collects x terms to achieve x = dmil
= x=log,7 -5
r=—2.192645.. awrt —2.19 [ A1 |
14]
{"} x+3 _ X x+3 _
Wayd |2 T e eeeees e e
Evidence of log,
log7 et M1
xr+5=log, ?ﬂrl 5 and either 2°"" 5> x+5 or T log,7
0 o ————— - - _———————— B et S
& r+5=log,7 oe. | Al
x=log,7-5 Rearranges to achieve x = dMm1
x=-2.192645... awrt —2.19 [ A1 |
14]
Way § Ex+5 _ aylogy? pyx I
mitreo | * 20 ] sreplacedby 7% M1 |
Wayd) | 2x+5=log,7 +x 2x+5=log,7 +x oe. | Al
2z —x=log, 7 -3 Collects x terms to achieve x =
= x=log,7 -5 dm
xr=—2.192645... awrl 21‘:3'L Al
..................................................................................................................................... J41,
7




Question 8 Notes

(i)

(i1)

1* M1
204 M1
Al
1" M1

1* Al
dmM1

2 A

Special
Case in
(i)

Common
approzach
to part
(iiy

Common
Present-
ation of
Work in
ii

Note

Applying either the addition or subtraction law of logarithms correctly to combine
any twe log terms into one log term.
For making a correct connection between log base 3 and 3 to a power.

]
o€, g Accept b= %[%— %J but not & = GT'-E nor b =

a 5
[3 JJ
3
First step towards solution —an equation with one side or other correct or one term dealt with

correctly (see five*® possible methods above)
Completely correct first step — giving a correct equation as shown above
Correct complete method (all log work correct) and working to reach x = in terms of logs

reaching a correct expression or one where the only errors are slips solving linear equations
Accept answers which round to -2.19 If a second answer 1s also given this becomes AD

log,(3b+1) _ —1 and proceeds to 35 +1
log,(a—2) a-—2
MOMI1AT (special case)

b=ia—£ or b=2
9 9

Writes

1 -
= 3! {= 5} and to correct answer- Give

Let 2* = y Treat this as Way 1 They get 323" — 7y = 0 for M1 and need to reach y = %Fﬂr Al
Then back to Way 1 as before. Any letter may be used for the new variable which I have called y.

If they use x and obtain  x = 31_’ this may be awarded M1AOMOAQ

Those who get " —Ty+32=0 or 3" =Ty =0 will be awarded M0,A0,M0,AQ

Many begin with Ing{i“ e log(7(2* )) =0. It is possible to reach this in two stages
correctly so do not penalise this and award the full marks if they continue correctly as in Way 2.
If however the solution continues with (2x+5)log2—xlogld =0or with
(2x+5)log2—Txlog2 =0 (both incorrect) then they are awarded MIAOMOAD just getting

credit for the (2x + 5) log2 term.
N.B. The answer (+)2.19 results from “algebraic errors solving linear equations” leading Lo
2% =2 and gets M1AOMIAQ
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9.




Question Scheme Marks
Number
S::r-r] — 24
7.6 (Zx+1D)log8 =log24 or or 8" =3 and so (2x)log8 =log3 or M
O 2y s 1) =log, 24 (2x) =log, 3 ‘
1[ log24 1 1 log3 1
x=§( lfgﬂ —1] or x=E{lugh24—l] x=§[luia]or x=5l:]ugﬁ3] o.e. dMm1
=0.264 Al
IS e o £ e e e e et o et e 2 (3).)
log, (11y — 3) — log, 3— 2log, y=1
(i) log, (11y — 3) — log, 3~ log, y'=1 | M1
Iy -3 11y -3
lugz{;iz]=l or 1ogzg = 1+log, 3 =2.58496501 dM1
Ad » )
lly -3 11y -3
log, {';—1} =log,2 or log, (}—,] =log, 6 (allow awrt 6 if replaced by 6 later) | Bl
Vv -
Obtains lﬁyz =1ly+3=0 oe ie ﬁy: =11y =3 for example Al
Solves quadratic to give y = ddM1
y=1and % (need both- one should not be rejected) Al 6)
191
MNotes (1) | M1: Takes logs and uses law of powers correctly. (Any log base may be used) Allow lack of brackets.
dM1: Make x subject of their formula correctly (may evaluate the log before subtracting | and
calculate e.g. (1.528 -1)/2)
Al: Allow answers which round to 0.264
(11) | M1: Applies power law of logarithms replacing 2log, y by log, 3

dM1: Applies quotient or product law of logarithms correctly to the three log terms including term in
. (dependent on first M mark) or applies quotient rule to two terms and collects constants (allow

“triple” fractions) |+ log, 3 on RHS is not sufficient —need log, 6 or 2.58. .
e.g log,(11y — 3) =log, 3+ log, ¥ + log, 2 becoming log, (11y — 3) = log, 6y

B1: States oruses log, 2 =1 or 2' =2 at any point in the answer so may be given for

1y -3
log, (11y — 3) — log, 3— 2log, y=log, 2 or for (;—3) = 2, for example (Sometimes this
¥
mark will be awarded before the second M mark, and it is possible to score MIMOB lin some cases)
Or may be given for log, 6 =2.584962501.. or 27"~ — g

Al: This or equivalent quadratic equation (does not need to be in this form but should be equation)
ddM1: (dependent on the two previous M marks) Solves their quadratic equation following reasonable
log work using factorising, completion of square, formula or implied by both answers correct.

Al: Any equivalent correct form — need both answers- allow awrt 0.333 for the answer 1/3

*NB: If “=0" 15 missing from the equation but candidate continues correctly and obtains correct
answers then allow the penultimate Al to be implied {Allow use of x or other varable instead of y
throughout)
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10.

{Ta"em"n Scheme Marks
umber
7. (i) 2x _ Sx+4 _ Sx+4 _ )
Method 1 log, [Sx - 4] 3 or Iog:[ . 3, or log, . 4 (see special case 2) Ml
2x 3 Sx+4 3 Sx+4 4 2x |
=270 |/ |= 2 or| —— |= 2" or | log, =log,| = M1
[5x+4 ] [ 2x ] { x ] [ g‘[ﬁ.r+4]] g‘[ﬂj
lox = 5x+4 = x = (depends on previous Ms and must be this equation or equivalent) | dM|]
.. Al
x= % or exact recurring decimal 0.36 after correct work i:{;
(i) log,(2x) + 3= log, (5x + 4)
Method 2 | S log, (2x) + log, (8) = log, (5x + 4) (3 replaced by log, 8) 2% M1
Then log,(16x) = log,(5x + 4) (addition law of logs) 1" M1
Then final M1 Al as before dM1Al
(ii) log, y +log, 2" =3 M1
log, 8y =35 Applies product law of logarithms. | dM1
1 l
y=—a y=—a | Alcao
8 8
(3)
171
Notes for Question 7 |
(i) 1 M1: Applying the subtraction or addition law of logarithms correctly to make two log terms in x
into one log term in x
1
2" M1: For RHS of either 27, 2%, 2%or IDEZ[E) . log, 8 or log, 16i.e. using connection between
log base 2 and 2 to a power. This may follow an earlier error.  Use of 37is M0
3 dM1: Obtains correct linear equation in x. usually the one in the scheme and attempts x =
Al: cso Answer of 4/1 1 with no suspect log work preceding this.
ii : Applies power law of logarithms to replace 3log ' log, 2" or log
(ii) M1: Applies p law of logarith place 3log, 2 by log, 2 or log, 8
dM 1: (should not be following M0) Uses addition law of logs to give log, 2" y =5 or log, 8y =5
® Special case 1: log,(2x) =log,(5x+4) -3 = _log,(2x) =-3= Zx =27 = x= 4 or
- B log,(5x + 4) Sx+ 4 11
log,(2x)=log,(5x+4) -3 = _108,(2%) =-3=log, 2x =—3= x =27 = x= 4 each
- - log,(5x + 4) “Sx+ 4 Sx+4 11

attempt scores MOMIMI1AD — special case

Special case 2:
log,(2x) =log,(5x + 4) - 3 = log, 2+log, x=log,(5x + 4) — 3, is MO until the two log terms are

combined to give log, [M]: 3+log, 2. This earns M1
x

Then [Sx +4 ]z 2% or log, [5x+4 ] = log, 2" gets second M1. Then scheme as before.
x x
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11.
%ﬁiﬁg? Scheme Marks
6.
(a) 2log(x +15) = log(x +15)° Bl
lgg{x-rljf—]ggx:lggw Correct use of loga —logh = lﬂg% M1

(x+15)
2log(x+15)=logx =6 = log| ——— |=6

with no incorrect work scores Bl M1 together

Jlog, (x +15) — log, x = 2log, ’;15} is MO
2" =64 or log, 64 =6 64 used in-the correct context Bl
log, {x—l_xl 5 =6= (x :ls}: =64 | Removes logs correctly M1
2
2log(x+15)-logx=6= lung(Jr+15]1 —logx=6= @ =64

Is acceptable for the first 4 marks

This method mark should only be awarded for the removal of logs in an appropriate
way. Some examples are below,

5)° +15) x+15) x+15)
logle +15)° _ o L X415 _ (nvo log—{H P ) YT
log x X X X
J.Ugﬂ =H= ﬁ - ||;_'|'||'.:l‘J ﬁ_\.‘ll}
X X
x+157 - +15) . : 3!
log S _ o GHD) o }mllug[”*'ﬂj ﬁ:'.-[!'r+lSJJ 64M1
X X X X

= ¥ +30x+225=64x

orx+30+225x" = 64 score the final mark.

Must see expansion of (x+15) to

Correct completion to printed answer
with no errors but allow recovery from
‘invisible’ brackets e.g.

x+15 = x +30x+225

X —34x+225=0* Al




12.

M1: Correct attempt to solve the given
quadratic as faras x =...
= Oy c=26 i 1t must be an attempt at solving the
(b) E=S)Nx=9=0=x=ljorx=) given guadratic but allow mis-copy Ml Al
e.g. 255 for 225
Al: Both25and 9
(2)
171
See appendix for some alternative correct and incorrect methods for (a)
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Question Scheme Marks
number
2 2log x = logx* Bl
p x
log, x” —log,(x—2)=log, - M1
xl
2 =9 Al oe.
Solves x* —9x+18=0 togive x=..... Ml
x=3.x=6 Al
Total 5
MNotes B1 for this correct use of power rule (may be implied)

M1: for correct use of subtraction rule (or addition rule) for logs

X

N.B. 2log, x —log,(x—2) =2log, is MO

x=—

Al for these two correct answers

Al. for correct equation without logs (Allow any correct equivalent including 3° instead of 9.)

M1 for attempting to solve x* =9x+18=0 to givex= (see notes on marking quadratics)




Alternative

Method log,x* =2+log,(x-2) isBl,
so x =37""" needs to be followed by (x”) =9(x—2) for M1 Al
Here M1 is for complete method i.e.correct use of powers after logs are used correctly
CD”‘!""[’” 2log x—log x+log2 =2 may obtain Bl if log x” appears but the statement is M0 and so
Slips leads to no further marks
2log, x—log,(x-2)=2 so log,x-log,(x—2)=1and log, 1—2 =1 can earn M1 for
x—
correct subtraction rule following error, but no other marks
Special log x* %
Case ————=12 leading to =9 and then to x =3, x =6, usually earns BIM0OAO, but may
log(x—2) x—

then earn M 1A (special case) so 3/5 [ This recovery after uncorrected error 15 very common]

Trial and error, Use of a table or just stating answer with both x=3 and x=6 should be awarded
BOMOAOD then final M1AL i.e. 2/5
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13.

Question Scheme Marks
number
4. (a) log, 3x* = log,3+log, x* or log y—log x* =log3 or log y —log3=logx* | Bl
log, x* =2log, x Bl
Bl
Using log, 3 =1 (3)
(b) Ix’ =28x-9 Ml
Solves 3x*—=28x+9=0 togive x=1orx=9 ML AL (3)
6
Notes (a) | B1 for correct use of addition rule (or correct use of subtraction rule)

B1: replacing log x* by 2logx  — not log 3x” by 2log3 x this is B0

B1. for replacing log3 by 1 (oruseof 3'=3)
If candidate has been awarded 3 marks and their proof includes an error or omission of reference
to logy withhold the last mark.

Sojust BI B1 BO
These marks must be awarded for work in part (a) only




(b)

Alternative

to (b)
using ¥

M1 for removing logs to get an equation in x— statement in scheme is sufficient. This needs to be
accurate without any errors seen in part (b).

M1 for attempting to solve three term quadratic to give x = (see notes on marking
quadratics)

Al for the two correct answers — this depends on second M mark only.

Candidates often begin again in part (b) and do not use part (a).

If such candidates make errors in log work in part (b) they score first M0. The second M and the
A are earned as before. It is possible to get MOMIAL or MOM1AD.

Eliminates x to give 33* =730y + 243 =0 with no errors is M1

Solves quadratic to find v, then uses values to find x M1
Al as before
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14.

Question Scheme Marks
Number
3. (a) 5" =10 and (b) log,(x —2)=-1
logl0
ia) x= loggi or x=Ilog,10 M1
x {=1.430676558...} = 1.43(3 sf) 1.43 | Al cao
12]
(b) (x-=2)=3" (x—2)=3"or L | Ml ce
x{=14+2}=241 2torIor 2.30rawrt 233 | Al
12]
4

(a)

or x=log.10. Also allow MI for x = L
log5
1.43 with no working (or any working) scores M1A1 (even if left as 5 ).
Other answers which round to 1.4 with no working score M1AD.
Trial & Improvement Method: M1: For a method of trial and improvement by trialing
f{value between 1.4 and 1.43) = Value below 10 and
f{value between 1.431 and 1.5) = Value over 10.
Al for 1.43 cao.
Note: x =log, 5 by itself is MO; but x = log,, 5 followed by x = 1.430676558... 1s M1.

MIl: for x = log10
logs




(b) MI: Is for correctly eliminating log out of the equation.
Eg1: 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 MU.

Note: log.(x —2)=-1 = log, [%] =-] = Er = 3" would score MO0 for incorrect use of logs.
Alternative: changing base
1 x-2
1080 = 2) _ | log,,(x—2) = —log,3 = logy(x—2)+ log,y3 =0
log,, 3

= log,,3(x —=2) = 0 = 3(x - 2)=10". At this point M1 is scored.
A correct answer in (b) without any working scores M1AL.
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15.
Question
Number Scheme Marks
7 (a) 2log,(x-5)=1log,(x-5)" B1
log; (x - 5)? —log, (2x —13) = log, &= M1
2x-13
log, 3 =1 seen or used correctly B1

Ir.ng{gJﬂ - P=30 {ﬂ=3 = {I—S}:=3{21’—13}} M1

x* ~16x+64=0 (*) | Alcso
(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. (2)

x =8 with no working scores both marks. 7




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

log,(x—35)°

IstM: log,(x~5)* —log,(2x ~13) =
stM: log,(x~5)* ~log,(2x )|0E3(21—13)

1s MO

2log,(x=5)-log,(2x—13) =2log 7'1:53 is MO

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

P
log 3[5] =1 = P=30.Even then the final mark (cso) is lost.

log,(x-5)" (x-5)°
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
log, ———=1 log,———=3 — =3 -5)" =3(2x-13
o3l T ey Ty Tyt 7 =il
+
(Wrong step here)

This, with no evidence elsewhere of log, 3 =1, scores B1 M1 B0 M0 A0
¥ - 5 2 _ 2
x-5' | _ -9
2x-13 2x-13

(Here log, 3 =1 1s implied).
Mo log methods shown:

However, log, =3 1s correct and could lead to full marks.

(x-5)°

It is not acceptable to jump immediately to 3= 3. The only mark this scores is the 1 B1 (by

x-1
generous implication).

(b) M1: Attempt to solve the given quadratic equation (usual rules), so the factors (x—8)(x—8) with no
solution 1s MO.
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16.

Question
Number

Scheme

Marks

QG (a)

(b)

log 64=2 = 64=x"
Sox=8

log, (11-6x)=log, (x~1)* +3

log, 11-6x
| (x-1)

11-6x

(x-1)’

gll—ﬁxza(f 2%+ l)} and so 0=8x" ~10x -3

3

=23

0=(4_r+ l](zx—?r} = x=..

M1

A1 (2)
M1

M1

M1

Al

dm1

Al (6)

[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.
x= 8 with no working 1s M1 Al

1¥ M1 for using the nlogx rule
2™ M1 for using the logx - logy rule or the logx + logy rule as appropriate

3" M1 for using 2 to the power— need to see 2 or8 (May see 3=log, 8 used)
If all three M marks have been earned and logs are still present in equation

do not give final M1. So solution stopping at log, Ll ! _6;; ] =log, 8 would earn

x-1

MIMIMO

1" Al for a correct 3TQ

4™ dependent M1 for attempt to solve or factorize their 3TQ to obtain x =... (mark
decFends on three previous M marks)

2™ Alforls (1gnore -0.25)

s.c 1.5 only — no working — is 0 marks

(a)

Alternatives

log, 64
log, x
=2, ]0g.r=%|0g64 sox = 647is M1 then x = 8 is Al

Change base : (1) =2,s0 log,x=3 and x=2", isMlor
(li) Iog“] 64
Iuglll x

BUT logx=0.903 sox=8is MIAO (loses accuracy mark)
(1ii) log,, x=1sox= 647 is M1 then x =8 is Al
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17.

Question )
Number Scheme Marks
2.(a) ¢ =8=3x-9=In8 M1
x=12849 1243 Al Al
(3)
(h) In(2y+5)=2+In(4—y)
In[l}l+5]=2 Mi
4-y
2y+5) .
[ 4-y J_ ) M
, N , de* =5
2y+i=¢(d=y)=2 2y+ey=de =5 y= e dM1, Al
(4)
T marks
(a)

Ml Takes In's of both sides and uses the power law. You may even accept candidates taking logs of both sides

log®
loge

| 9 In8e¢” .
Al A correct unsimplified answer . or equivalent such as Tc L3+In {Jg} + 3 or even 3.69

Al eso In2+3. Accept In2e’
Alt(a)

Ax
15

e =8= —=8=2e"=8"=3r=h [Eeg) for M1 (Condone slips on index work and lack of bracket)
e
Alt1I (a)

e =i = x—3=ln(-fqﬁ) for M1 (Condone slipson the 9. Eg ¢ =2=x-9=1In2)

Ml Uses a correct method to combine two terms to create a single In term.

2y+5
Eg. Score for 2+In(4—y)=In (E’ (4-y)) or In(2y +5)~In(4~y) = ln( 4}' ]
-y
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 in y This must be awarded after an attempt to combine
the In terms. Award for In(g(»))=2= g(y)=¢" and can be scored eg where g(y)=2y+5—(4—¥)
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 y the subject. Expect to see both terms in y collected and
factorised (may be implied) before reaching y =. Condone slips, for eg, on signs. v =2.6135 scores this.
4e* -5 13

Al y= v or equivalent suchas y=4-

Tro ISW after you see the correct answer.
+e



Special Case: In(2y +5)-In(4-y)=2=

In{2y+5) 2y+5
] =9 =y =)
In{4-y) 4-y
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18.

=¢" = Correct answer score MO M1 M1 AD

Nomber Scheme ke
2.(a) 2In(2x+1)-10=0=In(2x+1)=5 = 2x+l=¢ = x=.. M1
:>_r=ej_] Al
2
(2)
(b) Fe" =¢' = In(3¢”)=Ine’
In3" +Ine* =lne’ = xIn3+4xIne="Tlne MI,M1
x(In3+4)=T=x=_. dM1
3 7
x—m oe Al
(4)
6 marks
AU ey S
3‘=c?'“:>x1n3=(?—4x?]|nc MI,MI1
¥(In3+)=T=x=_. dM1
B 7
T In3+4) Al

(4




Alt 2

Fe' =e’ = log(3 e ) =loge’

2(b)
Isi .
[i;'g':g log3* +loge* =loge” = xlog3+4xloge="Tloge M1, M1
x(log3+4loge)=Tloge = x= .. dM1
Tloge
Xr=——— Al
(log3+4loge)
(4)
*4It'3 x _dxr _ 7 X __ E:-'
2(b) I =g =3 ==
Using w _ L T-dx
]083 3= :}x:{?—ilx]h}gle MI1.MI
x(1+4log,e)=Tlog;e= x=.. dM1
Tlog, e
- [08:€ Al
(1+4log,e)
(4)
‘;::]: 3.\' de — e? - E:.t]ﬂ.?e-ln.t — E'.‘
Using =¥ _ ol — yIn3+4x=7 M1 M1
¥ = In3+4)=7 7 dM1 Al
= +4)=T=x=... x= A
*( ) y T n3+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 ¢
Accept for M1 2In(2x+1)-10=0= In(2x+1)=5=> x=f(¢’)

Alternatively they could use the power law before taking exp's to achieve x in terms of Ve'
2In(2x+1)=10=In(2x+1)* =10 = (2x+1)’ ="’ > x=g(ve'" )

Al cso. Accept x= <

L3 3

; ) . e 1 )
or other exact simplified alternatives such as x = E_E Remember to 1sw.

The decimal answer of 73.7 will score M1AD unless the exact answer has also been given.

The answer

lt:_l ii_l

does not score this mark unless simplified. x=

1s M1AD




(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 ¢’ ™" or the subtraction law.

T 7
= T 4 : T e . T4t - -
lnT =lne' —Ine"or 3¥e" =g’ = 3° =—=3"=¢ *is evidence of the subtraction law

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
3" =¢"™ = 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’ = xIn3x4xlhe="Tlne

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.

Al If the candidate has taken In’s then they must use Ine =1and achieve x = m or equivalent.
ni-+
If the candidate has taken log’s they must be wrniting log as oppose to In and achieve
Tloge . Tloge
X = ——————or other exact equivalents such as x = -
(log3+4loge) log 3e
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Question Scheme Marks
Number
6(a)
In(4—2x)}9—3x),=In(x+1)° M1, M1
So 36 -30x+6x" =x" +2x+1 and 5x° =32x+35=0 Al
. . 7 .
Solve  5x"—32x+35=0 togive x= ; oe ( Ignore the solution x=5) | M1Al

(5)

(b) Take log.’s to give In2"+lne™"' =In10 M1

xIn2+3x+1)lne =In10 Ml

x(In2+3lne)=Inl0-Ine = x=_ dml
and uses Ing = | MI
~1+Inl0
X= —n AI
3+In2
(5)
Note that the 4™ M mark may occur on line 2

(10 marks)




Notes for Question 6

(a)

M1 Uses addition law on lhs of equation. Accept slips on the signs. If one of the terms is taken over to the rhs
it would be for the subtraction law.

M1 Uses power rule for logs write the 2In(x + 1) term as In(x +1)” . Condone invisible brackets

Al Undoes the logs to obtain the 3TQ =0. 5x° =32x+ 35 =0. Accept equivalences. The equals zero may
be implied by a subsequent solution of the equation.

M1 Solves a quadratic by any allowable method.

The quadratic cannot be a version of (4 — 2x)(9 — 3x) = () however.

Al Deduces x = 1.4 or equivalent. Accept both x=1.4 and x=5. Candidates do not have to eliminate x=35.
You may ignore any other solution as long as it is not in the range —1 < x < 2 _ Exira solutions in the
range scores Al

Notes for Question 6 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 subtraction law.

M1 Taking both powers down using power rule. It i1s not wholly dependent upon the first M1 but logs of
both sides must have been taken. Below 1s an example of MOMI

2" xne™ =nl10= xIn2x(3x+1)lIne=mn10

dM1  This is 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 in line 2, but it must be part of their equation and not just a
statement.
Another example where it could be awarded is et = ]2—? = 3x+l=_.

Al (btains answer x =

—]+In]{]_[ln10—l]

3+In2 3+In2

_[log 10-11 @ DO NOT ISW HERE
3+log,2

MNote I: If the candidate takes logio "s of both sides can score MIM1dMIMOAD for 3 out of 5.

Answer = 1 — —loge+logl0 _ =loge+1
Jloge+log2 Jloge+log2




Mote 2: If the candidate writes x =

~1+loglD

without reference to natural logs then award M4 but with hold

J+log2
the last Al mark, scoring 4 out of 3.
Question Scheme Marks
Number
Alt 1
to 6(b)
Writes lhsine’s 27" =10= """ =10 1* M1
=™ 210, xIn243x+1=In10 | 2"MI, 4"MI
x(In2+3)=hnll-1= x=_ dM1
=1+InlD
=—Q Al 5
3+In2 (5)
Notes for Question 6 Alt 1
M1 Writes the lhs of the expression in &’s. Seeing 2° =e*™" in their equation is 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 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
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Question Scheme Marks
Number
(x+35)(2x-1 _ (2x-1) M1 B1 A1
B. {a) =
(x+5)0x-3) (x=3) aef
(3)
25" +9x -5
In| ——|=1
(b) n[.\" +2.1:—I5_] Wi
2" +9x -5
¥ +2x-15 dmi
2'1‘_1:3::: e -1 =xie-2) M1
x-3
= x =1 Al aef cso
e-2
(4)
[7]




(a) MI1: An attempt to factonse the numerator.

Bl: Correct factorisation of denominator to give {x + 5)x —3). Can be seen
anywhere.

(b) M1: Uses a correct law of logarithms to combine at least two terms.
This usually 1s achieved by the subtraction law of logarithms to give

2% +9x -5
In| =——""|=1.
[_r' +2x - ISJ

The product law of loganthms can be used to achieve
ln{.'l_rz + 9y — 5] = In[e{x: +2x - 15}},

The product and quotient law could also be used to achieve

2x' +9x - 5
| =X 2 |-
e(x” + 2x - 15)
dM1: Removing In’s correctly by the realisation that the anti-ln of | is e.
Note that this mark is dependent on the previous method mark being awarded.
MI: Collect x terms together and factorise.
Note that this 1s not a dependent method mark.
Je-1 3 -1 _1-3
Al = or = or S aef
e-2 e -2 2-e
Note that the answer needs to be in terms of e. The decimal answer i1s 9.9610559. ..
Note that the solution must be correct in order for you to award this final accuracy
mark.

Note: See Appendix for an alternative method of long division.
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21.

Question

Number Scheme Marks
Q9 (i)(@) | In(3x-7)=35
T s Takes e of both sides of the equation.
Y= - - . 5 M1
This can be implied by 3x - 7=¢".
5 47 Then rearranges to make x the subject. | dM1
- a _t — 5
Ix-T=¢ = x= 3 1=51.804...} Exact answer of S0 | A1

(3)




(b)

(i) (a)

(b)

3::&'.‘:'3 =|5
In(37¢™ %) = Inl5
In3 + Ine”™* =Inl5

xIn3+7x+2 =lInl5

x(In3+7) =-2+Inl5
x=—2105 0 g 0g74.2
T+1n3

fx)=e" +3,xel

y=eT 43 = y-3=”
= In(y-3)=2x
= tln(y-3)=x

Hence f'(x)=L1In(x-3)

f"(x}: Domain: x =3 or (3, %)

gix)=lnix-1),xell, x=>1
fg(x) =™ 43 [=(x-1)" +3]

fz(x): Range: y=3 or (3, =)

Takes In (or logs) of both sides of the equation.

Applies the addition law of logarithms.
xIn3+7x+2 =Inl5

Factorising out at least two x terms on one side
and collecting number terms on the other side.

-2+ 1Inl5
T4 1In3

Exact answer of

Attempt to make x
(or swapped y) the subject

Makes e™ the subject and
takes In of both sides

Lin(x-3) or Inf(x—3)

or £7'(y)=1In(y-3) (see appendix)

Either x >3 or (3, =) or Domain > 3.

An attempt to put function g into function f.

2ni{x-1}

e +3or(x=1F +3 or x* - 2x+4.

Either y >3 or (3, «) or Range > 3 or fg(x) = 3.

M1
M1

Al oe

ddMm1

Al oe

(5)




