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Question Scheme Marks AOs
8 12
log, (12y +5)-log, (1-3y) =2 = log, . y;5 =2 B1
— Mlon | 1.1b
or €.g. EPEN
2=1o0g,9
12y +5 12y+5 _,
lo =2=>——=3=9-27y=12y+5=y=...
%7 3y T3y y=12y+5=y
or e.q. ML | 2.1
log, (12y +5) = log, (3* (1-3y)) = (12y +5) =3 (1-3y) = y =..
4
Y—E Al 1.1b
3)
(3 marks)
Notes

B1(M1 on EPEN): Applies at least one addition or subtraction law of logs correctly.
Can also be awarded for using 2 =1log,9. This may be implied by e.g.
log,...=2=...=9

MZ1: A rigorous argument with no incorrect working to remove the log or logs correctly and

obtain a correct equation in any form and solve fory.
Al: Correct exact value. Allow equivalent fractions.

Guidance on how to mark particular cases:

log, (12y +5)
log,(12y+5)-log, (1-3y)=2=>——+—= -2
:>12y+5:32:>9—27y:12y+5:>y:i
1-3y 39
B1MOAO
log, (12y +5) 12y+5
log. (12y+5)—log, (1-3y)=2=>—23—" -2 og, —— =2
05 (12y +5)-log, (1-3y) 00, (1-3y) % gy
:12y+5:32:9—27y:12y+5:>y:i
1-3y 39
B1MOAO

12Y15 3 9 o7y—12y+5= y-2
1-3y 39
B1M1A1l

log, (12y +5)—log, (1-3y)=2=
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Question Scheme Marks AOs
9 (a) a
States loga —logh = logg Bl 1.2
Proceeds from %=a—b—) ...... —>ab—a=>b M1 1.1b
2

ab—a:bz—)a(b—l):bzznz:b_1 * Al* 2.1

3)

(b) States either b >1
2 B1 2.2a
or b =1 withreason b1 is not defined at b=1 oe
b2

States b >1 and explains that as @ >O:>m >0=>b>1 Bl 24

(2)

(5 marks)

(2)
B1: States or uses loga—logh = log% . This may be awarded anywhere in the question and may be implied
by a starting line of % =a—boe. Alternatively takes logb to the rhs and uses the addition law
log(a —b) +logh = log(a —b)b . Watch out for loga —logh = iOgZ = log[%J which could score 010
0g

. . a .
M1: Attempts to make ‘a’ the subject. Awarded for proceeding from — = a — 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

b-1

A1*: CSO. Shows clear reasoning and correct mathematics leading to a = . Bracketing must be correct.

2

b-1

Allow a candidate to proceed from ab—a = b’ toa= without the intermediate line.

(b)
B1: For deducing b #1 as a —> oo oe such as "you cannot divide by 0" or correctly deducing that 5 >1.

They may state that » cannot be less than 1.
2

b-1

As a minimum accept that » >1 as a cannot be negative.

>0=5b>1 (as b* is positive)

B1: For b>1 and explaining that as a > 0=

Note that a > b > 1is a correct statement but not sufficient on its own without an explanation.

2

b-1

Note that it is possible to attempt part (a) by substituting a = into both sides of the given identity.
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Question Scheme Marks | AOs
1 2"><4y:L =£
2\2 4
Special If 0 marks are scored on application of the mark scheme then allow
Case Special Case B1 M0 AO (total of 1 mark) for any of
o 2V x4’ 527 R . 1 —>2+%
x4 > o x4 >4 222
e log2" +log4” — xlog2+ ylog4 or xlog2+2ylog2
¢ In2"+In4” »>xIn2+yln4 or xIn2+2yIn2
e y=log ! o.e. {base of 4 omitted}
25 ) o
Way 1 22 3 Bl 1.1b
3 3
2x+2y:2 2 = x+2y=_53y: Ml 2.1
E ——lx—E or ——l(2x+3) Al 1.1b
ST T '
3
, 1
Way 2 log(2* x4") =log| —= Bl 1.1b
y g o /)
log2* +log4” = log i
2\2 Ml 2.1
= x10g2+y10g4=10g1—10g(2\/§) =>y=..
—log(2+/2)—xlog2 1 3
y- 0g(2v/2) — xlog {:yz——x——} Al L1b
log4 2 4
3
n 1
Way 3 log(2* x4”)=log| —= Bl 1.1b
: I
log2* +log4” = log 1 = log2" + ylog4 = log 1 = y=.. Ml 2.1
242 242
1
log| —= | — log (2"
g[zﬁ} ) N 3 } Al 1.1b
= =——X——
4 log4 4 2 4
3
: 1
Way 4 log, (2" x4”)=log,| —= Bl 1.1b
y g ( ) gz[zﬁJ
log, 2" +log,4” =log 1 = x+2y——g = y= Ml 2.1
2 2 2 2\/5 2 o .
E ——lx—E or ——l(2x+3) Al 1.1b
A T '
3

(3 marks)
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Question Scheme Marks | AOs
Way 5 T Bl 1.1b
ey 22 ] 3
42 =44 > —x+y=—-"=>y=.. M1 2.1
2 4
E L3 ry= 1(2 +3) Al 1.1b
gy 5 X 1 or y 2 x .
(©)]
Notes for Question 1
Way 1
B1: Writes a correct equation in powers of 2 only
Mi1: Complete process of writing a correct equation in powers of 2 only and using correct index laws to
obtain y written as a function of x.
1 3
Al: y > X 2 0.c.
Way 2, Way 3 and Way 4
B1: Writes a correct equation involving logarithms
Mi1: Complete process of writing a correct equation involving logarithms and using correct log laws to
obtain y written as a function of x.
1 x
Al: “log(2/2) - xlog2 ~In(2+2)-xIn2 log(zﬁ] oe)
y= or y= or y=
log4 In4 log4
1 3 1
or y 2x 2 or y 4(2x+3) 0.€.
Way 5
B1: Writes a correct equation in powers of 4 only
Mi1: Complete process of writing a correct equation in powers of 4 only and using correct index laws to
obtain y written as a function of x.
Al: y > X 2 0.€.
Note: Allow equivalent results for A1 where y is written as a function of x
Note: You can ignore subsequent working following on from a correct answer.
: “x4¥ = L . Yy — L
Note: | Allow Bl for 2" x4 5 =4 N = log,(4")=log, (2*’2«/5}

1 27 NG
followed by M1 Al for y=log,| ——| or y=log,| —=| or y=log,| ——

3
or y=-log, (2" 2] or y:_10g4(\/§(2x+1))
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Question Scheme Marks AQOs
2 4771 =5 = (3p-1)log4 =210log5 Ml 1.1b
210log5
:>3p:—g+1:>p:... dM1 2.1
log4
p =awrt 81.6 Al 1.1b
3)
(3 marks)
Notes:

M1: Takes logs of both sides and uses the power law on each side.
Condone a missing bracket on lhs and slips.
Award for any base including In but the logs must be the same base.
dM1: A full method leading to a value for p.
It is dependent upon the previous M mark and there must be an attempt to change the subject of
the equation in the correct order.

1
Look for (3p—1)log4=210log5=3p= %il: p =... condoning slips.
0g

You may see numerical versions E.g. (3p —1)>< 0.60=210x0.7=1.8p-0.6=147= p =82

Use of incorrect log laws would be dMO. E.g (3p —1)log4 =210log5=3p = 21010g%i1

Al: awrt 81.6 following a correct method. Bracketing errors can be recovered for full marks
A correct answer with no working scores 0 marks. The demand in the question is clear.

There are alternatives:

_ 4%
E.g. A starting point could be 47" =5 => —=5"

but the first M mark is still for using the power law correctly on each side

In such a method the dM1 mark is for using all log rules correctly and proceeding to a value for p.

Using base 4 or 5
E.g. 471 =5" = (3p-1)=1log, 5"

The M mark is not scored until (3p —1) =210log, 5
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3@ 210g(4—)c):10g(4—x)2 Bl 1.2
210g(4—x)=10g(x+8):>log(4—x)2 =log(x+38)
(4-x) = (x+8)
or i MI 1.1b
2log(4-x)=log(x+8)=log(4-x) —log(x+8)=0
(4-x)" _
(x+8)
16 —-8x+x>=x+8=>x"-9x+8=0% Al* 2.1
(3)
(a) Alternative - working backwards:
x*—9x+8=0=(4-x) —x—-8=0 BI 1.2
= (4 — x)2 =x+38
5 M1 1.1b
= log(4—x) =log(x+8)
= 210g(4—x) = log(x+8) * Hence proved. Al 2.1
(b) i) (=) 1,8 Bl I.1b
(ii) 8 is not a solution as log(4 — 8) cannot be found B1 2.3
(2)
(5 marks)

Notes:
(2)
B1: States or uses 2log(4-x)=log(4—x)’

M1: Correct attempt at eliminating the logs to form a quadratic equation in x.

2
Note that this may be implied by €.g. log ((4 _ );)) =0 (4 — x)z =x4+8
X+

Al*: Proceeds to the given answer with at least one line where the (4 — x)* has been multiplied out.

There must be no errors or omissions but condone invisible brackets around the arguments of the logs e.g. allow
log16 — 8x + x* for log(16 — 8x + x%) and log x + 8 for log(x + 8)

Note we will allow a start of (4— x)z = x+8 with no previous work for full marks.

Some examples of how to mark (a) in particular cases:

10g(4 - x)2

210g(4—x):10g(x+8):10g(4—x)2 =log(x+8)= log(++5)

=1

/. \2
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Question Scheme Marks AOs
5 x+1 X
15-2"" =3x2 Bl 1.1b
=5 15-2x2"=3x2"=2"=3
15 g M1 1.1b
= ——2=3=2"=3
2‘
2" =3=x=.. dM1 1.1b
x=log,3 Alcso 1.1b
(4)
Alternative
p=3x2 =2 =L = y=15-2x> BI 1.1b
’ 3 3
3y+2y=45=2 y=9=23x2"=9=2"=3 M1 1.1b
2"=3=x=.. dM1 1.1b
x=log,3 Alcso 1.1b

(4 marks)
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Question
Number

6.

Scheme

25

a a 25
log, 5= 3 or log, a+log, b=log,25 or log,-=3 or log, ? =3
(If this is preceded by wrong algebra (e.g. b =25 —a) M1 can still be given if their b is used

log,64=3 or 4’ =64 (may be implied by the use of 64)
or see loga = 1(log25+3) become a = 4roe2 )

or see logh = 1(log25-3) become b= 42(0e273) (these latter two statements will be
implied by correct answers)

Correct algebraic elimination of a variable to obtain expression in a or b without logs

a=40 or b=3
Substitutes to give second variable or solves again from start

a=40 and b= % and no other answers.

Marks

Ml

B1

dMl1

Al
dM1

Al

[6]

6 marks

Notes

M1: Uses addition or subtraction law correctly for logs (N.B. log, a +log, b =25 is M0)

B1: See number 64 used (independent of M mark) or

or see loga = 3 (log25+3) become a = 4300825+3)

_ 4%(log 25-3)

or see logb = ;(log25-3) become b
dM1: Dependent on first M mark. Eliminates a or b (with appropriate algebra) and eliminates
logs

Al: Either a or b correct

dM1: Dependent on first M mark . Attempts to find second variable

Al: Both a and b correct — allow b = 0.625

If a = -40 and b = -5/8 are also given as answers lose the last A mark.
NB Log a + log b = 2.3219..will not yield exact answers

If they round their answers to 40 and 0.625 after decimal work, do not give final A mark.
NB: Some will change the base of the log and use loga — log b = 3log4
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Question
Number Scheme Marks
3 (a) 49 =20=alogd=log20=a=... M1
=M:awn 2.16 Al
log4
2
(b) 3+2log. b=log: 30b = 3+log: b> =log: 30b M1
= 3=log.30b—-log: b?
321 30b
= 3 =log: 2 MI1Al
:>23:¥:>b:.. dM1
b
b=3.75 Al
)
(7 marks)
Alt (b) | 3+2log, b=log, (30b) = 3+2log, b=1log,30+log, b 2nd Ml
= 3+log. b =log. 30
= log. 8+log. b =1og. 30 Ist M1
= log. 86 =log- 30 Al
=8 =30=b=.. dM1
=b=3.75 Al
3
(a)
M1  Takes logs of both sides leading to a =...
Accept for this mark logs 20, 1?(;2240 or alog4=1log20=a=..

Al awrt 2.16. Just the answer with no incorrect working scores both marks.

Do not accept answers from trial and error.
(b) Note that this part is BIMIM1dM1A1 on e pen. We are scoring it MIM1A1dM1A1
M1  Score for a correct use of the power law for logs

Accept either 2log, b =log, b* , 2logh =logh*or 3= log, 8
M1 Score for a use of the addition or subtraction law of logs.

Examples of this would be log(305) =log30+logh and log(30b)—log(h*)= log(30bj

2

Do not accept attempts such as log(306)—21log(b) = log (%)

Al Achieving a correct intermediate line of the form log: (..)=.. or log: ...=log: ...
Accept exact equivalents of 3 =log: (3[)%[)}, log: 8 =log. 30 and log. 8% =log. 30b, b =22 G

dM1  Dependent upon both previous M's it is for correctly undoing the logs and solving to get a value for »

Al b =3.75 or exact equivalent. Ignore any reference to =0
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Question
Number Scheme Marks
6. (a) Use or state 2log,(2x +3) =log,(2x +3)’ M1
Use or state log, 4=1 or 4' =4 M1
2
Use or state log, x +log,(2x—1) =log, x(2x—1) or log,(2x+3)’ —log, x =log, Q@x+3) etc | M1
(2x+3)* = 4x(2x —1) or equivalent including correct rational equations Al
Then 4x* +12x+9 =8x" —4x and so 4x*> -16x-9=0 * Al*

[S]

() 2x +1)(2x -9)=0sox= (or use other method e.g formula or completion of square) M1
x=(-%or)? Al

[2]

7 marks

Notes

(a) M1: Uses power law for logs
M1: Connects 1 with 4 correctly

M1: Uses addition ( or subtraction) law correctly
2

e.g. log, x +log,(2x—1) =log, x(2x—1) or log,(2x +3)* —log, x = log, @x+3) or
(2x+3)°
x(2x-1)
log,(2x—1)+log, 4 =log, 4(2x—-1) or log,(2x—-1)+log, 4+log, x =log, 4x(2x—1)etc...

Qx+$2_4
" x(2x-1)
Al: Obtains printed answer correctly (This is a given answer so needs previous A mark to have been

awarded and needs correct expansion)
Special case :

log,(2x+3)* —log, x—log,(2x 1) =log, or even log, x+log, 4 =log, 4x or

Al: Correct equation (unsimplified) after correct work. e.g

2 2
) log4(2x +3) 4x +12x+9
log4(2x +3) =1+ log4 x(2x —-1) so =1 so =4

2

1og4 x(2x - 1) 2x - x

This can have M1, M1, M1, A0, A0 so 3/5 losing accuracy because of the error in the second step.
(b) Some candidates who did not achieve marks in part (a) begin the log work again and make more progress
here. Mark the better work. So credit for (a) may be given in (b). Credit for (b) should not be given in (a)
M1: Uses solution of their quadratic or of printed quadratic(see notes). This must be in part (b)
Al: x=4.5 and discards x = - 0.5 (any equivalent form) Giving x=-2 ,Z is A0 This must be in part (b)
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Question Scheme
Number Marks
14(i 3
® log, x+log,3=log, 27-1 so loga£=—l
27
Or log, x+log,3=1log, 27—-log,a so log,3x=1log, — M1 Al
a
Or log, x+1=1log, 27—-log,3=10g,9 so log,6 ax=1log,69
3x
—=aq Ml
27
9
x=9a" or = Al
a
[4]
(ii) x> —7x+12 =0 and attempt to solve to give x = ... or log, y = ... (implied by correct M1
answers)
x (or log;y)= 3 and 4 Al
y=5or 5 dM1
y =125 and 625 Al
[4]
8 marks
Notes
(>i) M1: Uses sum or difference of logs correctly e.g.
27
log x +log3=1log3x or log27—-log3=10og9 or log27—logx =log—etc.
X
or writes 1 as log_ a
Al: Uses two rules correctly to obtain correct log equation
M1: Removes logs correctly to obtain an equation connecting x and a
Al: Correct simplified answer
Note that some candidates interpret log, 27 -1 as log, (27 - 1) . This can score a maximum of 1 out of 4 if
they have log x+log3 =log3x
log_3 3
Note that log, x +log, 3=1log, 271 so 980T _ 1= 22— 47" etc. scores MTAOMOAD
log, 27 27
1 log 3
Note that log, x +log, 3 =1log, 27 -1 08,108, 2 _ 1 2% _ 4 ete. scores no marks
log, 27 27
(ii) M1: Recognise and attempt to solve quadratic

A1: Obtain both 3 and 4 (Both correct implies M1A1)
dM1: Uses powers correctly to find a value for y (Dependent on first method mark)
Al: Both values correct
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Question
Number Scheme Marks
. LNy M1
3G) | Either 42* = 222D gpd g4t =234 op ghr =42
1
2(2x+1):12x:>x:Z dM1A1
(©)
(ii)(@) | 3VI8 =32 =92 -42 =52 MI1A1
(0))
(b) | Vi =5v2 = n=(5v2) =25x2=50 MIAl
()]
(7 marks)
Alt 3 (i) | Taking logs of both sides and proceeding to (2x+1)log4 =4xlog8 Ml
o log 4
~ 4log8-2log4
x=ogd 1 dMI1A1
~log256 4
. (©))
)
M1  Writes both sides as powers of 2 or equivalent Eg 22(2**1) = 234~
3
Alternatively writes both sides as powers of 4 or 8 or 64. Eg 8** =42 =
Note that expressions such as  2%****) = 234 woyld be MO
P 2x2 x+1 3 . . 2 x4l l(2x+1)
Condone poor (or missing) brackets 2 =2’ but not incorrect index work eg 4= =82
It is possible to use logs. most commonly with base 2 or 4. Using logs it is for reaching a linear
form of the equation, again condoning poor bracketing .
42 =8 = logd* ™! =1og 8" = (2x+1)log4 = 4xlog8
dM1 Dependent upon the previous M. It is for equating the indices and proceeding to x =..
Condone sign/bracketing errors when manipulating the equation but not processing errors
If logs are used they must be evaluated without a calculator. Lengthy decimals would be evidence
of this and would be dM0
(2x+1)log, 4 =4xlog,8 = (2x+1)x2=4xx3=>x=..
42 =8% = 2x+1=4xlog, 8:>2x+1:%x4x:>x=.. is fine
Al x= % or equivalent

(i1)(a) Mark part (ii) as one complete question. Marks in (a) can be gained from (b)

M1  Writes either ~/18 =3+/2 or 318 =92 or /32 =42
If the candidate writes 3+/18 —~/32 = k~/2 it can be scored for 3V18 =9or V32 =
V2 V2
Al 52 or states k=5
The answer without working (the M1) would be 0 marks
(i1)(b)
M1  Moves from vn =k~2 to n=2k"
Also accept for this mark /n =+/50 or indeed ~/50 on its own
Al (n=)50

4
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Question
Number Scheme Marks
13 (a) | 2log, y=5-log, x=log, y? =5-log, x Ml
32
= log, y = log, 32-log, x = log, y = log, (7j
=y = % MIA1
3
() |log y=-3=y=x" MI
. - 1 1
Sub y=x7 into y2=%3x6=%:>x5=§:>x=5 MIAL
Sub x=%int0 eithereqn = y =8 MI1ALl
)
(8 marks)
2
Alt (b) | Sub y* = 2into log y=-3=1log_, /37 =-3 2nd M1
X )
32 _ 1st M1
X
s 1 1
=— =— Al
=X ===
(a)
M1  Uses one correct log law.
Eg Uses the index law and writes 2log, y =log, V2.
Alternatively writes 5 aslog, 32. This may well come from log,...=5=...=32
Note that 2log, y +log, x =2log, xy is MO
M1  Uses two correct log laws
Award for log, = log, (32)-log, x
or log, x+log, Y =5= log, xy? =5
Al Proceeds correctly to y? = %
(b)
M1 Undoes the log in the second equation log y=-3=y= X
This may well appear later in the solution
M1  Combines both equations to form a single equation in one variable.
Al xX= % or y=8. Condone a solution y =8 for this mark
M1  Substitutes theirx = % into an equation to find y.
Alternatively substitutes their y =8 into an equation to find x
Al xzéand y =28 only. Note xzéand y=18 is A0

SC. If a candidate uses y = K with log y =-3 this can potentially score M1: Undoing logs, MO: as
X

combining the equations has been made easier, AO: M1: If they substitute their x to find y and vice versa
followed by A0Q: scoring 10010
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Question
Number Scheme Marks
2.(a) e’ =8=3x-9=In8 Ml
x=8F9 043 Al Al
3)
(b) In(2y+5)=2+In(4-y)
2y+5
ln( J j =2 M1
4-y
2y+5
4-y
2 2 2 462 - 5
2y+5=e(4—y):>2y+ey:4e —S:y:Tez dMl,Al
4
7 marks
()
M1 Takes In's of both sides and uses the power law. You may even accept candidates taking logs of both sides

In8+ In 8¢’ log8
Al A correct unsimplified answer ni 2 or equivalent such as ngﬂe ,3+In (i/g ) © 3 ;)(;gg S + 3 or even 3.69

Al cso In2+3. Accept In2¢’

Alt1(a)

3x

e’ =8= © —=8=¢"=8"=3x=In (869) for M1 (Condone slips on index work and lack of bracket)
€

AltTI (a)
e :3/§:>x—3:1n(3/8_) for M1 (Condone slips on the 9. Eg € =2=x-9=In2)

(b)
M1 Uses a correct method to combine two terms to create a single In term.
2y+5
Eg. Score for 2+1In(4—y)=1In (62 (4 —y)) or n(2y+5)—-In(4—-y)= ln( 4y J
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(y)) =2 => g(y) =€’ and can be scored eg where g(y)=2y+5—(4—y)

It cannot be awarded for just 2y +5 =€’ +4—y where the candidate attempts to undo term by term

dM1 Dependent upon both previous M's. It is 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. y =2.615 scores this.

_4e’ -5 13

Al = or equivalent suchas y=4—
Y 2+¢’ 4 Y 2+¢’

ISW after you see the correct answer.

In(2y +5) PN 2y+5

In(4—y) = 4y = ¢’ = Correct answer score MO M1 M1 A0

Special Case: In(2y+5)—-In(4-y)=2=
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Question Scheme Marks
9(a) Subs D=15and =4 x=15¢""%% =6.740 (mg) MIAI
(2)
(b) | 157 +15¢ %2 =13.754(mg) MIAT*
(2)
15¢77%7 +15e > e =7.5
15¢77 (1+e™) =752 = —15(17'; = dMm1
T=—5h’1 Ll :51n(2+2j Al,Al
15(1+¢7") e
C)
(8 marks)

(2)
M1

Al
(b)

Al*

(©)
Ml

dM1

Al

Al

Attempts to substitute both D=15and t=4in x = De™

It can be implied by sight of 15¢™*%, 15¢™*% or awrt 6.7
Condone slips on the power. Eg you may see -0.02
CAO 6.740 (mg) Note that 6.74 (mg) is A0

Attempt to find the sum of two expressions with D =15 in both terms with 7 values of 2 and 7

Evidence would be 15¢™*%7 +15¢™%>

Award for the sight of the two numbers awrt 3.70 and awrt 10.05, followed by their total awrt 13.75
Alternatively finds the amount after 5 hours, 15¢™' = awrt 5.52 adds the second dose = 15 to get a

total of awrt 20.52 then multiplies this by e ** to get awrt 13.75.
Sight of 5.52+15=20.52 — 13.75 is fine.

or similar expressions such as (15e’l +15)e’0'2X2

-0.2x7 —0.2x2

cso so both the expression 15¢ +15e and 13.754(mg) are required

Alternatively both the expression (1 5¢70%9 4 15)>< e “*2and 13.754(mg) are required.
Sight of just the numbers is not enough for the A1*

Attempts to write down a correct equation involving 7 or ¢. Accept with or without correct bracketing
Eg. accept 15¢ 77 +15¢7%("*>) =7 5or similar equations (156_1 + 15)e_°'2"T =75

Attempts to solve their equation, dependent upon the previous mark, by proceeding to ¢ "% = ...
An attempt should involve an attempt at the index law x”™ =x" xx" and taking out a factor of

+0.2xT

e > Also score for candidates who make e the subject using the same criteria

Any correct form of the answer, for example, —5In Ll
15(1+¢™)

CSO T=5In (2 +§j Condone ¢ appearing for 7' throughout this question.
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‘Nurmber Scheme ek
2.(a) 2In2x+1)-10=0=InQ2x+1)=5 =2x+l=¢€’ =>x=.. M1
5
Il Al
2
(2)
(b) 3'e* =¢’ = In(3e") =Ine’
In3"+Ine” =Ine’ = xIn3+4xlne="7Ine M1,M1
x(In3+4)=7T=x=... dM1
X—L oe Al
(In3+4)
“4)
6 marks
Alt 1 x  4x _ 7 X _ e7
2(b) 3¢ =e' =3 = o
3 =e¢’™ = xIn3=(7-4x)lne M1,M1
x(In3+4)=7T=x=... dM1
)C—L Al
(n3+4)
“4)
‘;::))2 3'e* =e’ = log(3“e™) =loge’
I{(s)lgnsg log3* +loge™ =loge’ = xlog3+4xloge =7loge M1, M1
x(log3+4loge)="7loge = x=... dM1
7loge
X=—©°° Al
(log3+4loge)
“4)
-
‘;::3 et =’ =3 = e“
o
Usi
lzg'g 3= ¢ = x=(7-4x)log, e MIMI
3
x(1+4log,e)=7log,e=>x=... dM1
1
‘o Tlog, e Al
(1+4log,e)
“4)
1;::))4 3xe4x — e7 . e)ch‘l3e4x — e7
Usin =™ =e! = xIn3+4x=7 M1,Ml
g
3=t In3+4)=7= x= -
x(In ) xX=.. X (In3+4) dM1 Al

4)
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Question
Number Scheme Marks
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
2 : 7 :
Solve  5x°—=32x+35=0 to give x = g oe (Ignore the solution x=5) | M1Al
(©))
(b) Take log.’s to give In2*+lne™"' =In10 Ml
xIn2+(3x+1)lne=1In10 Ml
x(In2+3Ine) =In10—Ine = x=.. dM1
and uses Ine = 1 M1
—1+Inl0
__rmy Al
3+In2
)
Note that the 4™ M mark may occur on line 2
(10 marks)

Notes for Question 6

(a)

Ml 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.

Ml 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.

Ml Solves a quadratic by any allowable method.

The quadratic cannot be a version of (4 —2x)(9—3x) = 0 however.

Al Deduces x = 1.4 or equivalent. Accept both x=1.4 and x=5. Candidates do not have to eliminate x=5.

You may ignore any other solution as long as it is not in the range —1 < x < 2 . Extra solutions in the

range scores AQ.
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%1?;22? Scheme Marks
7.) Use of power rule so log(x+a)* =logl6a® or 2log(x+a)=2log4a’ or -
log(x +a) =log(16a°)
Removes logs and square roots, or halves then removes logs to give (x+a)=4a’ .
M
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
(&)
(i1) Oy +b) : : :
Way 1 log,—==2 Applies quotient law of logarithms | M1
(2y-b)
9y+b
Oy+d)_ 3’ Uses log,3* =2 | Ml
(2y-b)
_ _ _ Multiplies across and makes y the
Oy+b)=92y-b)=y subject M1
=10y Alcso
YT )
Way 2 | Or: log,(9y+b)=log, 9+log,(2y —b) 2" M mark | M1
log,(9y+b)=1log,9(2y—b) 1M mark | M1
Oy+b)=92y-b)=y= %b Multiplies across and makes y the subject X[llcso
4
[7]
Notes
(1) 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 = W isw so allow x+a == 4a’ 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 = 10"¢*3¢) 5o x = —g +10"¢*¢9 Wwhich 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.

(i1) M1: Applying the subtraction or addition law of logarithms correctly to make two log terms
into one log term in y

MI: Uses log, 3> =2
3" M1: 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 +
w =2 is MO unless clearly crossed out and replaced by the correct log, M =2
log,(2y - b) (2y-b)
+b
Candidates may then write gy—b; =3 and proceed to the correct answer — allow MOMIMI1AQ as
y —

the answer requires a completely correct solution.
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Question
Number Scheme Marks
| 8(1) | Two Ways of answering the question are giveninpart() | |
3b+1 a-2 ) ) )
Way 1 | log; = -1 or log, = Applying the subtraction law of logarithms | M1
a-2 3b+1
3b+1_ 31 1 or a-21_ 3 Making a correct connection between M1
a-2 3 3 +1 log base 3 and 3 to a power.
{9b+3:a—2:>} b—la—g b:la—g bza_5 Al oe
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) 2MMI1
Way 2 [ T T e
log,(3b + 1) = log,(a — 2) —log, 3= log, (a—) or log,3(3b +1)=1log,(a —2) 1" M1
’’’’’’’’’’’’’’’ D T e N
ghr1=9"2y poL, 3
Five Ways of answering the question are given in part (ii)
(ii) 32(2*)-7(2%) =0 Deals with power 5 correctly giving x32 | M1
Way 1
See also 7 7 7
common 4 g, ¥ = 2¥ = — or y= —orawrt0.219
approach 32 32 32 Al oe
below in
notes dM1
7 log(%) 7 A valid method for solving 2* = &
xlog2 =log| — | or x= or x=log, ]
3 log 32 Or 2" =k to achieve x = ...
x =-2.192645... awrt —2.19 | Al
[4]
""""""""" Begins with 2°*° =7(2*) (for Way 2 and Way 3) (see notes below) | |
(i1) Correct application of M1
Way2 | or 4 5)log2=log7 + xlog2 e either the power law or addition law of logarithms | |
Correct result after applying Al
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, the power and addition laws of logarithms. | |
2xlog2 + 5log2 =log7 + xlog?2
Y= % Multiplies out, collects x terms to achieve x =... | dM1
0g
x=-2.192645... awrt —2.19 | A1
[4]
B Evidence of log, and either 2***° — 2x + 5 -
W(;I;3 2x+5=log,7 +x or 7(2%) = log, 7 + log,(2")
2x+5=1log,7 +x oe. | Al
2x —x=log,7 -5
T =08 Collects x terms to achieve x =... | dM1
= x=log,7 -5
x=-2.192645... awrt —2.19 | Al
[4]






